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BBenenune

Teopus eeposmuocmeil — MaTeMaTHUYCCKas HayKa, U3ydaromiasi 3aKOHOMEPHOCTH
CITy4aliHbIX SBJICHUN.

Mon cayuatinblvy TMOHUMAIOTCS TaKWE SIBJIICHWS, KOTOPBIC IPHU MHOTOKPATHOM
MMOBTOPCHUM OIBITa TPOTEKAIOT KaXIblid pa3 Mmo-uHOMY. McxoJ TakuxX OIBITOB
HETpeACcKa3yeM.

Beposimrnocmb — xonmdecTBEHHasi Mepa HEONPEISICHHOCTH — YHCII0, KOTOPOe
BBIPaXKaeT CTENICHb YBEPCHHOCTU B HACTYIUICHUHU TOTO HJIM HHOT'O COOBITHSL.

IlpeOmemom TEOpUM BEPOATHOCTEH SBJIACTCS WM3YYCHHE BEPOSTHOCTHBIX
3aKOHOMEPHOCTEH MacCOBBIX OTHOPOIHBIX CITYJaHHBIX COOBITHI.

Teopuss BEpOATHOCTEH B HACTOSIIEE BpPEMs — OOS3aTENbHBIA UHCMPYMEHM
ananuza cumyayut, exmouarowux Heonpeoeiennocms. OCHOBHOW 3adaueli TEOPHUU
BEPOSTHOCTEH SBJISICTCS YCTAHOBJICHUE MAaTEMAaTHYCCKAX 3aKOHOB I HCCIICIOBAHUS
CITyJaiHBIX SBJICHUI MacCOBOTO XapaKTepa M MPENBUACHUSI UX Ha OCHOBAHHH OTACTBHBIX
(axToB.

Mamemamuueckas cmamucmuka — MaTeMaTUUecKas HayKa, H3y4daromias
METO/Ibl 00PabOTKH Pe3yNIbTaTOB HAOIIOACHHIA.

3a0aua mamemamuueckoi cmamucmuxu 3aKIFOYACTCS B TOM, YTOOBI 110 BBIOOPKE
— TIOIMHOXKECTBY OrpaHMYEHHBIX JIAHHBIX — BBISIBUTH C OIPEJACIICHHOW CTENEeHBIO
TOYHOCTH XapaKTEPUCTUKU BCEIO MHOXECTBA — IeHEPAIbHON COBOKYITHOCTH.

Mertoapl MaTeMaTHYECKON CTATUCTUKHA OCHOBBIBAIOTCSI HA TECHO CBSI3AHHON C HEH
TEOpUEH BEPOATHOCTEU.

Tema 1. JjieMeHTHI KOMOMHATOPUKHU

Kombunamopuxoti Ha3biBaeTcs 00acTh MaTeMAaTHKH, B KOTOPOH H3y4aroTcs
BOIIPOCHI O TOM, CKOJIBKO Ppa3lUYHbIX KOMOWHAIMH, MOAYMHEHHBIX TeM WM HHBIM
YCIIOBUSIM, MOYKHO COCTaBHUTH U3 3aJaHHBIX O0BEKTOB.

Onp. 1. MHOXecTBO (COBOKYITHOCTh 3JIEMEHTOB) HA3bIBACTCS 3AHYMEPOBAHHLIM,
€CIU KaXXIOMY 3JEMEHTY 3TOr0 MHOXKECTBAa COIOCTAaBICHO CBOE HATypajbHOE YHCIIO
(momep) or | mo n Jlmd KpaTKOCTH 3aHyMEpOBAaHHBIE MHOXECTBA Takxke OymayT
Ha3bIBAaTbCS HAOOpamu.

B ciyuae, korzma n sBISETCS KOHeuHbIM, TOBOPAT, YTO MHOXKECTBO COCTOUT U3 71
sneMeHToB. Ecim 7 = 00, TO MHOXECTBO Ha3bIBACTCSI CUENHbIM.

Onp. 2. Orinyaromyecss Ipyr OT JIpyra MOPsiIKOM HaOOpBI, COCTABICHHBIC W3
BCEX DJIEMEHTOB NAHHOTO KOHEYHOIO MHOXKECTBA, HA3BIBAIOTCS NEPECAHOBKAMU ITOTO
MHOXecTBa. Hampumep: MHOXECTBO, cocrosmiee W3 Tpex snemeHToB {1,2,3}, mmeer
cnenyromue nepecranosku: (1,2,3), (1,3,2), (2,3,1), (2,1,3), (3,2,1), (3,1,2).

Yucio Beex MepecTaHOBOK MHOXKECTBA M3 /1 JJIEMEHTOB 0003Ha4aeTcst Pn.

Teopema 1 (o unciie mepecTaHOBOK). UHCIIO TIepecTaHOBOK P, ompenensercs mo
¢dopmyne P, =n!, rme n=1-2-3-..-n

3a0aua 1. CKONbKMMH pPa3NUYHBIMM ~ MapIIpyTaMH MOXXHO  Pa3HECTH
KOPPECIIOH/ICHITHIO B 5 aapecoB?
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Pewenue. 3anymepyem aapeca nuppamu ot 1 10 5. Kaxknmomy MapupyTy MOxHO
COIIOCTaBUTH OAWH M3 HAOOPOB, COCTOSIIMX M3 3THX IATH IMdp, Hanpumep, (2,5,3,4,1).
Taxkoit Habop o3Ha4aeT, YTO CHadana BHIOMpAETCsl BTOPOIl asipec, 3aTeM IISITBIN, TPETHH,
YeTBEpPTHIA W NepBBIH. Bcero pasimuHBIX MapIipyTOB, T. €. OTIMYAIOUIMXCS MOPSIKOM
HaOopoB Ty udp Oymet 5! = 120.

3aoaua 2. Uudper 0,1,2,3 HanwcaHbl Ha 4YeTHIpeX KapTodykaX. CKOJIBKO
Pa3IMYHBIX YETHIPEX3HAYHBIX YHCEN MOKHO COCTaBHUTh M3 3THX KapTO4YeK?

Pewenue. Yucno paznnuHbelx KoMOMHaIMK n3 4yeTbipex mudp pasHo 4!. He Bce
9TH KOMOWHAIMM SIBIISIIOTCS YETHIPEX3HAYHBIMH YHCIaMH, T. K. €CTh KOMOHMHAIWH,
HauuHAIOMmMecss ¢ Hynsd. Takux KoMmOuHamwmii Oynmer 3! M WX HYKHO HCKIIOYHTH. B
pe3ynbTaTe YUCI0 pa3IMYHbIX YeThIPEX3HaYHbIX urceln paBHo 4!-3! = 18.

Onp. 3. YnopsaoueHHble HAOOPBI, COCTOSIIHE W3 K PasIM4HBIX 3JIEMEHTOB,
BBIOPAHHBIX U3 JIAHHBIX /1 3JIEMEHTOB, HA3BIBAIOTCS PA3MEUJSHUAMU U3 Il dleMeHmos no K.

Pa3memenuss Moryr omiM4atbcs JApyr OT Jpyra Kak D3JEMEeHTaMH, TaK U
TIOPSIAKOM.

Hanpumep: Pa3nuuHbiME pa3MelieHns M MHOXKECTBa U3 Tpex anemeHToB {1,2,3}
no Ba Oyayr Habops! (1,2), (2,1), (1,3), (3,1), (2,3), (3,2).

Yucno Beex pa3MellleHuii U3 71 IeMeHToB 1o k obo3Havaetcs A . Ilpu kK = n

YHCIIO Pa3MelIeHUH COBMAAAET C YUCIIOM MePECTaHOBOK.

Teopema 2 (0 uucie pa3menieHuii). Uucno pasMenieHUd U3 I JIEMEHTOB IO K

orpezeisiercs no popmyse
k_n

SR

3aoaua 3. CtyneHram Hajo cnath 4 sk3amena 3a 8 aHeid. CKOJIBKHMU CIIoco0aMu
MOYXHO COCTaBHTh paclUCaHUe Cau SK3aMEeHOB?

Pewenue. 3anymepyeM IOHU cia4yu 3k3aMeHoB Iudpamu 1,2,...,8. CocraBiusTh
pa3UYHbIC PACIIUCAHUS MOXKHO CIEAYIOIUM 00pa3oMm. CHavasa BeIOEpeM JHH JUIS CIa4uu
9K3aMeHOB, Hampumep, (2,4,5,7), a 3aTeM MOPSIIOK CAa4yM 3K3aMeHOB. Takum o0pazom,
HY)XHO COCTaBUTh Pa3JIMuHble HAOOPHI YETHIPEX YUCENl U3 BOCBMH, KOTOPBIE OTIHYAIOTCS

JpYT OT ApyTra He TOJIBKO 3JIEMEHTaMH, HO U MOpAAKOM. Takux HabopoB Ag =1680.

Onp. 4. HeymopsimoueHHBIe HA0OPHI, COCTOSIINE W3 K 3IIeMEHTOB, B3ATHIX W3
JaHHBIX 71 SIIEMECHTOB, HAa3bIBAIOTCS COYCMAHUSIMU U3 1 dNeMenmos no K.

CoueraHns OTIMYAIOTCS IPYT OT Apyra TONBKO JJIEMEHTAMHU.

Hanpumep: Hns mHOxectBa {1,2,3} coueTaHmMsSIMH 1O 2 3JIEMEHTa SIBISTFOTCS
{1,2}, {1,3}, {2,3}.

Yncio Beex coueTanuit u3 n d1eMeHToB 1o K obosHauaercst CK .

Teopema 3 (0 uwmcne coderanuit). Yucno coueraHuid W3 1 IJIEMEHTOB 1O k
orpenensercs 1mo Gopmyie
k n!
" k(n—k)
3a0aua 4. B XOkkeHHOM TypHHpe ydacTByIOT 6 KomaHn. Kaxmas komaHma
JIOJKHA ChITPaTh € KXo ofHy Urpy. CKOJIIBKO UTP CBITPaHO B TypHHUpE?
Pewenue. Paznuinsle mapel KOMaH7 00pa3yroT codeTaHus u3 6 1Mo 2, MOCKOIBKY
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MOPSIOK  Cpemu  JBYX KOMaHI, WrpalolMX B OIHOW Wrpe, HaM Oe3pa3iHycH.
CrnemoBaTelbHO, YHCIIO UTp OyIeT paBHO C62 =15.

Teopema 4 (o unciie komOuHawit). Yucino pa3nuiHbIX KOMOWHALIMMA 3JIEMEHTOB
Buma (a, a? ...,d"), 20e d' - HeKOTOPKIil HIIEMEHT i-if TPYMIIEI, COCTOAINIEH U3 N NEMEHTOB,
PaBHO Ny Ny -...-Ny.

3aoaua 5. VI3 Tpex Ki1accoB CIIOPTUBHOM IIKOJBI HY)KHO COCTaBUTh KOMaHIY IS
COpEBHOBAHMH, B35B 110 OIHOMY YYEHHUKY OT Kitacca. CKOJIBKO Pa3IMYHbIX KOMaH]] MOKHO
COCTaBUTh, €CIIU B OHOM Kiacce ydarcd 18, B nipyroM - 20, a B TpeTbeM - 22 yueHHKa?

Pewenue: 18-:20-22 = 7920.

IIpakTUyeckue 3agaHus MO TeMe

1.1. Nmeercs msaTh BUAOB KOHBEPTOB 0€3 MapoOK M YETHIPE BHJAa MapoK OJHOIO
nocronHcTBa. CKOJIBKMMH CIIOCOOAMH MOXKHO BBIOPAaTh KOHBEPT C MapKOW JUIS MOCBUTKH
nucbMa?

1.2. CkoibpKkO TIpSAMBIX JUHUA MOXHO INPOBECTH depe3 8 Touek, U3 KOTOPBIX
POBHO 3 neXaT Ha OJHOM MPSAMOI?

1.3. Ckonbko cioBapell HYXHO H3llaTh, 4YTOOBI NEPEBOIUTH C JIOOOro M3 5
A3BIKOB Ha JIIO00H PYyroi U3 9THUX SA3BIKOB?

1.4. Ecte mnsarupaspsaubeiii mudposoit 3amok. KomoBoe ycTpoiicTBO 3aMka
COCTOUT W3 MATH BPAIIAIOIINXCS JUCKOB, KAXKIBIA U3 KOTOPBIX UMEET miecTh Iudp ot 0 10
5. Tonpko opgHa KOMOMHALMA M3 IIATH LU(P MO3BOIAET OTKPHITH 3aMOK. CKOJIBKO TaKHX
KOMOUHAIMH?

1.5. CKoIbKUMH CHIOCO0aMU MOXKHO YHOPSJOYUTh MHOXKeCTBO {1,2,..., 2n} TaKk,
9TOOBI K)KI0€ YETHOE YHCII0 MMEJIO YETHBIH HoMep?

1.6. CKONBKUMHU CIIOCOOAMH MOXKHO YIOPSAOYUTh MHOXKECTBO {1,2,..., n} Tak,
4T00bI uncia 1,2,3 cTosuu psioM U B MOPSIIKE BO3pacTaHus?

1.7. Kakoe KONMYECTBO PA3JIMYHBIX CHUMBOJOB (OYKB, 4HMCET U T. JZI.) MOXKHO
nepeaats He Ooiee 4eM IIThI0 3HaKaMU Kofga Mop3e, HCIOIB3YIOIero TOUKY (*) U THpe
(—)?

1.8. ABTOMOOHIbHBIE HOMEPA COCTOAT M3 TpeX OykB M derbipex udp. Haiitu
YHCIIO TAKUX HOMEPOB, ECTIM HUCHONB3yIoTCs 32 OyKBHI andaBuTa.

1.9.(cka3ka) JXwun-ObT CTpaHHBIA TMpaBHUTENb. Pemmn OH CBOMX TOIIaHHBIX
pasnuyaTh He O mMeHaMm, a 1o 3ybam. Cebe Bce 32 3y0a OCTaBMII Kak M OBUIH OEIBIMU.
bmkaiiimyM MoATaHHBIM TIOBEJENl OWH 3y0 Ha pa3HBIX MO3UIMAX OKPACHUTH B YEPHBIN
1BeT, YTOOBl MX OTIMYaTh. Jlanee UM Baccaibl ¢ IBYMsl YEPHBIMH 3yOaMM Ha pa3HbIX
MO3UIMSAX, U TaK Jajiee. B caMbIX HM3MIMX CIOSX OBUTH JIFOIM C OAHUM OeibIM 3yOOM Ha
pa3HBIX MecTax, W ObUI OOMH TONBKO C dYepHbIMH. CKOMbKO OBIIO MOATAHHBIX Yy
TIpaBUTENSA?

1.10. CKoNbKO MamMHHBIX (Pa3IHYArOIINXCs 10 HAIMMCAHWIO M He 00s3aTeNbHO
MMEIOINX CMBICI) CIIOB MOXHO cocTtaButh m3 Oyke cioBa KOJIOKOJI, u3 OykB cioBa
BOOPOA?

1.11. CxkonpkrMu crocobamMu MOXKHO TIOCAIHUTh 332 KPYIJIBIH CTOJN 7 MYKYnH U 7
KEHIIUH TaK, YTOOBI HUKAKUE JBE )KECHIIHBI HE CHJISITH PsiioM?

1.12. Cxonpkumu criocobamu 9 0JMHAKOBBIX KOH(ET MOXKHO PA3JIOKHUTh 1O IIATH



Pa3jIMdHbIM MMaKe€TaM, €CJIIM HU OAHWH H3 IAKETOB HE HOJIKCH OBITH HYCTI)IM? Tor xe
BOIIPOC, HO MAaKCThl MOT'yT OBITH MMyCTbIMHU.

Tema 2. OcHOBHbBIE IOHATHS TEOpUHU Bep()ﬂTHOCTefl

Bomnpoc 2.1 Ciry4aiinbie coObITHS

B ocHoBe TeopuH BEpOSTHOCTEH JIEKHUT MOHITHE CIY4allHOIO SKCIIEPHMEHTA.
OKCHEpUMEHT CYMTAeTCs CIyYailHbIM, €CIM OH MOXET 3aKOHUYHTHhCS JIIOOBIM U3
COBOKYITHOCTH HW3BECTHBIX Pe3YJbTaTOB, HO JIO OCYILECTBJICHUS DKCIIEPUMEHTA HEJb3s
TIpe/ICKa3aTh, KAKUM UMEHHO.

[Tpumeps! cinyudaifHOro dKCrIiepUMeHTa: OpocaHWe MOHETHI, OpOocaHne MIpasIbHOM
KOCTH, MPOBEJICHUE JIOTEPEH, a3apTHBIE UIPHI, CTPENIH0A MO IIENH, TOCTYIUIEHHE 3BOHKOB
Ha TeJIe)OHHYIO CTaHIHIO.

Paznuynble pe3ynbTaThl SKCIIEPUMEHTA MPUHSATO HA3bIBATh UCXOOAMU.

Onp.l. MHOXeCTBO BCEeX B3aMMHO HCKIIOYAIONIMX HCXOJOB 3KCIEPHUMEHTa
HAa3bIBACTCS NPOCTNPAHCIEOM INEMEHMAPHBIX COOBIMUIL.

Bzaumno uckmouaiowue ucxodbl — 3TO T€, KOTOpble HE MOTYT HACTYIHUThH
OTHOBPEMEHHO. B nanpHeliemM noja TEpMUHOM «HCXO0J» MOAPA3yMEBAIOTCS TOJIBKO TaKHUE
HUCXOObI.

[TpocTpaHCTBO AIIeMEHTapHBIX COOBITHH MBI OyleM o003Ha4YaTh OYKBOH (2, a ero
UCXOABl — OYKBOH 0 ¢ Pa3siIMYHBIMM MHIEKCAMU M 0€3 HUX WM APYrMMH HOHATHBIMH M3
KOHTEKCTa CUMBOJNAaMH. TepMHHBI «3JIEMEHTAPHOE COOBITHE» U «HCXOO» OyIeM CUHTaTh
CHHOHUMAaMH.

Onp.2. Tlpou3BonbHOE MOAMHOXKECTBO HPOCTPAHCTBA 3JIEMEHTapHBIX COOBITHI
HAa3BIBACTCS COObIMUEM.

Onp.3. Jlocmosepnvim HA3bIBAIOT COOBITHE, KOTOPOE 00s3aTeNbHO MPOU3OMIET,
ecnu OyAeT OCyIIEecTBIICHa ONpeAeNeHHast COBOKYITHOCTD YCIOBUH.

Hanpumep, ecnu B cocyle COREp)KUTCS BoJa MPU HOPMAlIbHOM aTMOC(HEpHOM
maBineHnn W Temmeparype 20°, To coOBITHE «BOJa B COCYJE HAXOIWUTCS B HKHIKOM
COCTOSHMM» €CTh JOCTOBEpHOe. B 3TOM mpumepe 3amaHHbIe aTMOc(epHOE IaBiIeHHE U
TeMIIepaTypa BOAbI COCTABIISIOT COBOKYITHOCTh YCIIOBHI.

Onp.4. Heso3M0fcHbIM HA3BIBAIOT COOBITHE, KOTOPOE 3aBEIOMO HE MPOU3OMIET,
eciy OyZeT OCyIECTBIIEHa COBOKYITHOCTb YCIIOBHIL.

Hampumep, coOblTHE «BOIa B COCyA€ HAXOXUTCS B TBEPAOM COCTOSTHHI
3aBEZIOMO HE TIPOM3OWAET, eciau OyneT OCYIIECTBIEHA COBOKYIHOCTb YCIOBHH
TIPEABITYIIEro MpruMepa.

Onp.5. Cnyuaiinbiv  HA3BIBAIOT COOBITHE, KOTOPOE TPH  OCYIIECTBICHUH
COBOKYITHOCTH yCIIOBUH MOXKET JINOO TIPOU30MTH, TNOO HE TIPOM3OUTH.

Hamnpumep, ecnm 6porreHa MOHETa, TO OHAa MOXKET YIAcTh TaK, YTO CBEpXy Oyner
6o repd, mbo Haamuck. [1oaTOMY COOBITHE «TIpH OPOCAHMH MOHETHI BEITIAN «TepO» —
ciyJaitHoe.

Kaxnoe ciygaiinoe coObITHE, B YaCTHOCTH BBITIAJICHNE «TepOay, €CTh CIEIACTBHUE
JEHCTBHSI OYEHb MHOTHX CIy4alHBIX NMPHYMH (B HAlleM NpUMEpe: CHia, C KOTOPOH
OpomeHa MoHeTa, (hopMa MOHETHI W MHOrue npyrue). HeBo3MOXKHO ydecTh BIMSHHE Ha
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pe3yNbTaT BCEX ATUX MPUYWH, IOCKOJIBbKY YHCIIO UX OYEHb BEJIMKO M 3aKOHBI MX JCHCTBUS
Hen3BeCTHHL. [lo3TOMY TeopHsi BepoOSTHOCTEH He CTaBUT Iiepeq coOol 3agady
TIPEe/ICKa3aTh, MPOU30HIET EAMHNYHOE COOBITHE WIIH HET, — OHa IMPOCTO HE B CHJIAX 3TO
c/IenaTh.

Co0ObITHE MOXET COCTOSITh U3 OTHOTO MJIM HECKOJBKHX 3JIEMEHTAPHBIX COOBITHH,
a TaKXKe COCTOATh M3 CYETHOrO WIIM HE CUETHOTO YHCIa JJIEMEHTapHBIX COOBITHH.
CoObITnst OyayT 0003HAYATHCS 3ariIaBHBIMU JIATHHCKUMU WIH pyccKuMmu OykBamu 4, B, C, ..
WIN 3aIHMCHIBATHCS CIOBAMH, HAlpHUMeEp, «BBINAJIO YETHOE YHCIO OYKOB HAa HUIPaJbHOMN
kocti». Oco0o crenyer BBLACIUTH COOBITHE, COCTOSIIEE U3 IIYCTOr0 MHOXKECTBA HCXOIOB.
Ono OyzneT 0003Ha4YaTHCS CHMBOJIOM .

T'oBopsiT, uTO COOBIMUE A Hacmynuno, €CN SKCIIEPUMEHT 3aKaHUMBAETCS OJHUM
13 UCXOJI0B, BXOMSIINX B COOBITHE A.

[pumepsr: 1) Bpocanme monersl. [IpeamonaraeM, 4To MOHETa JOCTATOYHO
TOHKasi ¥ Npu OpocaHHM He BcTaeT Ha pebpo. IIpocTpaHCTBO 3reMEHTapHBIX COOBITHI
COCTOMT M3 JIBYX UCX0J0B: | —«BbIMai repb», P—«Bbinana penikay, T. e. Q={I",P}.

2) Bbpocanue wurpampHOi KOCTH, T. €. KyOWKa, CIENaHHOTO U3 OJHOPOJHOrO
Marepuania, TpaHM KOTOpOro 3aHymepoBaHbl mudpamu 1,2,3,4,5,6. UYuciao o0ukoB,
BBITIABILIEE TP OPOCAaHUM WTPaJbHOW KOCTH — LUdpa HA BepxHeW rpaHu Kyouka. IIpo-
CTPaHCTBO dJIEMEHTapHbIX coObiThid ={1,2,3,4,5,6}. CobObiTHe U—«BBHIIAIO YETHOE
YHCIIO» COCTOUT M3 TpeX McXonoB, T. €. U={2,4,6}. Cunuraem, uto U HacTynmio, eciu
BBINaJIo 1Moo 2, 1160 4, oo 6.

B 3aBucuMocTH OT 3ajau B OTHOM M TOM € IKCIIEPUMEHTE MOXKHO I10-Pa3HOMY
BBIOMpATh MPOCTPAHCTBO AJIEMEHTAPHBIX COObITHIL. Tak, nmpu OpocaHuK UrpalibHOM KOCTH,
€CJIM HacC MHTEPEeCyeT JIMIIb TO, YTO BBINAJIO YETHOE MIIM HEYETHOE YUCIIO, MOXKHO CUUTATh
Q={Y,H}, rne U={uerHoe uncio}, H={ueyerHoe uncmio}.

3) [Ipumep mpocTpaHCTBa C HECUETHBIM YHCIIOM DJIEMEHTAPHBIX COOBITHH. [TycTh
€CTh IPOBOJIOKA JJIMHOM, Hanpumep, | meTp. MBI pacTsruBaeM ee 3a KOHIIbI, B pE3yIbTaTe
Yero MPOMCXOIUT Pa3pblB B KAKOM-TO TOUKEe. MHOXXECTBO MCXOZOB - 3TO BCE TOYKH HA
MIPOBOJIOKE, KOTOphIe MaTeMaTHYecKd MOXKHO 3aaaTh otpeskom [0,1], T. e. U=[O,1], a
Ka)JIOMy HUCXOAy # COOTBETCTBYET KOOPJIMHATA TOUKH Pa3phIBa.

Onp.6. Cymmoti 0gyx cobvimuii A u B (o6o3Hauaercsi 4+B) Ha3bIBaeTCsi COOBITHE,
COCTOSIIIEE U3 BCEX MCXO0B, BXOMAIIMX JIMOO B A, 1100 B B.

Jpyrumu crnoBami, 1ox 4+B NOHUMAIOT CIEIYIOIIee COOBITHE: MPON3OLIIO HIIH
coOpITHE A, WH coOBITHE B, 1100 OHM TIPOM3OILTH OJHOBPEMEHHO, T. €. MPOM30ILIO XOTS
ObI OOHO U3 COOBITHN A WiH B.

Onp.1. Ilpouszgedenuem 08yx codovimuii A u B (06o3Hadaercs AB) Ha3bIBaeTCA
coOBITHE, COCTOSIIIIEE U3 TEX UCXOA0B, KOTOPBIC BXOAAT Kak B 4, Tak U B B.

WupiMu  cnoBamu, AB o3HawaeT coOBITHE, TPU KOTOpPOM cOObITHS A u B
HACTYIAI0T OJJHOBPEMEHHO.

Onp.8. Pasznocmvio 08yx cobvimuii A u B (0bo3navyaercs A—B) Ha3bIBaeTCs
cOOBITHE, COCTOSIIIIEE U3 FICXO/I0B, BXOSIINX B 4, HO HE BXOIIINX B B.

CwmbIcn coOBITHS A—B COCTOHT B TOM, YTO COOBITHE A HAcTyHaeT, HO IPH 3TOM
He HacTymaeT coObITHE B.

Onp.9. Cummempuueckoii pasnocmvio 08yx coovimuii A u B (odo3naqdaercs A4B)
Ha3bIBACTCsl COOBITHE, COCTOAIIEE N3 NCXOI0B, BXOISIINX B 4 WM B B, HO HE BXOSIINX B
8



A u B onHOBpeMEHHO.

CwMmeIcn coObiTus A4B COCTOMT B TOM, YTO COOBITHS A M B HACTYNAalOT, HO HE
OJTHOBPEMEHHO.

Onp.10.  Ilpomusononodichvlm — (OononnumenvHvlM)  0as  cobvimus A
(0603HauaeTcs A) Ha3bIBaeTCs COOBITHE, COCTOSIIEE M3 BCEX HCXOJIOB, KOTOPBIE HE BXOIAT
B A.

Hacrymenue coObiths A 03Ha4aeT MpocTo, 4To coObITHE 4 HE HACTYIIHJIO.

[pumepst. Ilycth npu OpocaHnM WrpalIbHOM KOCTH A-«BBINAI0 YETHOE YHCIIOM,
B-«Bpimano uncno xpatHoe Tpem». Torma: A+B={2,4,6}+{3,6}={2,3,4,6},

AB={2,4,6}{3,6}={6},
A-B={2,4,6}-{3,6}={2,4},
AAB={2,3,4},

A={1,3,5}.

Onp.11. CoObITHSI HA3BIBAIOT HECOBMECTHHbIMU, €CIH TIOSIBIICHUE OJIHOTO M3 HUX
WCKITIOYAET MOSBICHUE JAPYTUX COOBITHI B OJJHOM U TOM K€ HCIBITaHHH.

[Tpumepsr: 1) U3 smuka ¢ neransMu Hayaady H3BliedeHa jaeTanb. [losBieHue
CTAaHOAPTHOW JeTald WCKIIOYaeT TIOSBJICHHE HecTaHmapTHoW jerand. CoObIThs
«TOSIBUJIACh ~ CTaHJApPTHAas JETalby W «IOSBWIACh HECTaHAApPTHAs JeTaiby —
HECOBMECTHBIE.

2) bpomena Mmonera. [losiBieHue «repba» MCKIIOYAET IOSBICHUE HAJIHCH.
CoOBITHS «HOSIBHIICS I'epO» U «IOSBUIIACH HAIIUCHY — HECOBMECTHBIE.

Onp.12. Heckonbko COOBITHI 00pa3ylOT HOJHYIO epynny, €ClId B Pe3ylbTaTe
UCTIBITAHUS TIOSIBUTCSI XOTA ObI OHO U3 HUX.

Jpyrumu ciioBamu, IMOSIBJICGHHE XOTsl Obl OJHOTO M3 COOBITHIl IOJHOW TPYIIIBI
€CThb AOCTOBEpHOE coObITHE. B wacTHOCTH, ecniu cobvimus, obpasylowue noiHylo epynny,
NONAPHO HECOBMECHIHbI, MO 6 Pe3Vabimame UCHbIMAHUA NOABUMCA OOHO U MOALKO OOHO U3
amux cobvimuil. DTOT YaCTHBIA CIydail MpencTaBisieT i Hac HauOONBIIMH HHTEpEC,
MIOCKOJIbKY MCIIONB3YETCsl Jalee.

Ipumep. Crpenok mpoun3sen BoIcTpen Mo menu. O0s3aTenbHO MPOU30HAET OTHO
U3 CIEAYIOIMX IBYX COOBITHH: HOMajaHWe, MpoMaxX. JTH J[BA HECOBMECTHBIX COOBITHS
00pa3yIoT MOJHYIO TPYIIIY.

Onp.13. CoObITHA HAa3BIBAIOT PABHOBO3MONCHBIMU, €CIH €CTh OCHOBaHUS
CYNTATh, YTO HU OJHO M3 HUX HE SIBIICTCS 00JIee BO3MOXKHBIM, YeM JPYTOE.

Hanpuwmep. TlosBnenne «rep6a» u MOSIBICHWE HAIIHUCH NMPU OPOCAHUH MOHETHI
— PpaBHOBO3MOXXHBIE COOBITHA. JIGHCTBUTENBHO, TMPEAINONAraeTcs, 4YTO MOHETa
H3TOTOBJICHA M3 OJHOPOJHOTO MaTepHalia, MMEET NPaBIWIbHYIO LIMINHIPHIECKYIO (opMy
1 HaJW4IMe YeKaHKM HE OKAa3bIBAET BIMSHHUS Ha BBINAJCHWE TOW WIM HWHOH CTOPOHBI
MOHETHI.

Bonpoc 2.2 Kiiaccuueckoe onpe/eieHHe BepOsiTHOCTH

Beposmhocmb—oOnNHO W3  OCHOBHBIX  TIOHSATUM  TEOPUU  BEPOSTHOCTEM.
CymecTByeT HECKOIBKO ONMpEeNeNieHnil 3Toro MoHATHA. [IpuBenemM ompezeneHue, KOTopoe
Ha3bIBAIOT KJIACCHYECKUM.

Paccmorpum mpumep. IlycTe B ypHE comepHTCsi 6 OAMHAKOBBIX, TIIATEIHHO
TepeMeIIaHHbIX MIapoB, MpHYeM 2 W3 HUX — KpacHble, 3 — CHHHE W |—Oemblil.
OueBuIHO, BOSMOXKHOCTh BBIHYTh HayAady M3 YPHbBI IIBETHOH (T.e. KPACHBIM WJIN CHHHIA)
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map OoJblle, YeM BO3MOXKHOCTH M3BIICUb Oenblil 1ap. MOKHO JIM 0XapaKTepH30BaTh 3Ty
BO3MOXKHOCTH 4yuciaoM? OKa3pIBaeTcs, MOXKHO. DTO YHCIO M HA3bIBAIOT BEPOSITHOCTBHIO
coOBITHS (TTOSIBIIEHHS IIBETHOTO IIapa).

Taxum obpa3oM, gepoamHocmb ecmb YUCTO, Xapakmepusyloujee cmenelb 603-
MOUCHOCIU NOSAGTEHUA COOBIMUAL.

[TocTaBum mepen coboii 3amady naTh KOJIMYECTBEHHYIO OIIEHKY BO3MOXKHOCTH
TOro, 4YTO B3ATHIA Haygady miap IBeTHOH. [losBieHne 1BerHOro mapa Oyaem
paccmarpuBaTh B KauecTBe COOBITHS A. Kax Il 13 BO3MOXHBIX PE3yJIbTaTOB UCIIBITAHUS
(ucTIBITAaHHE COCTOMT B M3BIEYEHMH Iapa U3 YPHBI) HA30BEM OJeMEHMAPHbIM UCXO0OM
(anemenmapHvim codvimuem). INEMEHTapHBIC UCXOIBI 0003HAYNM Yepe3 i, M2, O3 U T. JI.
B Hamem npumepe BO3MOXKHBI CIEAYIOIIUE 6 3JIEMEHTAPHBIX HWCXOHOB: |— ITOSBUIICS
Oenblii map; ®y, 3 — TMOSBUICS KPacHBIM IIap; M4, s, MW — IOSBUIICS CHHHH IIap.
Jlerko BUzETH, YTO 3TH HCXOAbl O0pa3ylOT MOJHYIO TPYIIY IOMNaPHO HECOBMECTHBIX
coObITHil (0053aTENTbHO TMOSBUTCSA TOJIBKO OAWMH WLIap) M OHM DPaBHOBO3MOXKHBI (Iap
BBIHUMAIOT HayJady, Iapbl OJIMHAKOBBI M TIIATEIHHO IepEMEIaHbl).

Te anemeHTapHbIe HCXO/BI, B KOTOPHIX MHTEPECYIOIIee HAC COObITHE HACTYIMAET,
Ha30BeM Oaazonpuamcmeyiowumy — dmomy  cobwimuio. B Hamem  mpumepe
ONaronpusITCTBYIOT COOBITHIO A (HOSBICHUIO LIBETHOTO IIapa) CIEAYIOLIME 5 MCXOJOB:
2, M3, W4, ®5, W6.

Takum oOpa3om, coObiTHE 4 HAOIIOAASTCS, €CIM B MCIBITAHMN HACTYNAET OJIWH,
0e3pa3IMyHO KaKOH, W3 3JEeMEHTapHBIX MCXOMOB, ONarompUATCTBYIOIMX A4; B HalleM
npuMepe A Habmromaercs, eclii HACTYNUT 2, WM ©3, WIH 04, WIH s, WIA 0. B 3TOM
cMbIciIe coObITHE A HOIpa3AesieTcs Ha HECKOIBbKO 3JIEMEHTapHbBIX COOBITHH (M2, M3, (4,
s, (6); IEMEHTapHOE K€ COOBITHE HE MoApa3lersieTcs Ha Ipyrue coObtus. B atom
COCTOMT pasiiyhe Mexay COObITHEM A M 3JeMEHTapHbIM COObITHEM (dJIEMEHTapHBIM
HCXOJIOM).

OTHomIeHne Yrcia OIaronpusTCTBYIOMIUX COOBITHIO A 3JIeMEHTapHBIX UCXOM0B K
UX OOLIeMY YHCIy Ha3bIBAIOT BEPOSITHOCTHIO COOBITHSI A M 0003HauarT uepe3 P(4). B
paccMaTpuBaeMOM IIpUMEpe BCEro JJIEMEHTAapHBIX HMCXOHOB 6; W3 HHX 5
OnaronpusITCTBYIOT coObITHIO A. ClefoBaTelibHO, BEPOSTHOCTh TOTO, YTO B3SITHIA MIap
OKa)KeTCsl IIBETHBIM, paBHa P(A) = 5/6. D10 4mcio U maeT Ty KOMTHYECTBEHHYIO OLCHKY
CTEIeHH BO3MOXKHOCTH IIOSIBIICHHS IIBETHOTO IIapa, KOTOPYIO MBI XOTenH HalTh. [damum
Terepb ONpeieNieHne BEPOSTHOCTH.

Onp.l.  Beposmnocmvio  cobvimus A  Ha3BIBAalOT  OTHOIICHHWE  YHCTA
ONMarompHUATCTBYIOIIUX  3TOMY  COOBITHIO HCXOIOB K  O0mEMy YHCIy  BCEX
PaBHOBO3MOXKHBIX HECOBMECTHBIX 3JIEMEHTApHBIX HCXOJ0B, OOpa3yIOIIMX IOJHYIO

Tpymiy.

Wtak, BeposTHOCTH cOOBITHA A ompenemnsiercs: GpopMymnon P(A):m rome m —
n

s

YHCIIO 3JIEMEHTAPHBIX MCXO/I0B, ONAaronpHsATCTBYIOMNX A; N — YHCIO BCEX BO3MOMKHBIX
9JIEMEHTAPHBIX MCXOJ0B UCIIBITAHUS.

3meck  Tpeamonaraercs,  YTO  JJIEMEHTAapHBIE  HMCXOABIl ~ HECOBMECTHBI,
PaBHOBO3MOXKHBI M1 00pa3yloT MOJIHYIO Tpymity. M3 omnpeneneHns BEpOsITHOCTH BBITEKAIOT
CIEIyIOUIME €€ CBOICTBA:

CgoiicTBo 1. BeposiTHOCTD JOCTOBEPHOTO COOBITHS paBHA EIMHUIIC.
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JIeicTBUTENHHO, €CITU COOBITHE JAOCTOBEPHO, TO KaXIBIH 3JIEMEHTAPHBIA HCXOI
WCTBITAHUSL OJarompuaTCTBYeT coObiTHIO. B 3TOM ciydae M=N, cJleq0BaTENBHO,
pay=2-1y

n n

CBoiicTBO 2. BepoSaTHOCTh HEBO3MOXKHOT'O COOBITHSI paBHA HYJTIO.

JIeiCTBUTENBHO, €CIIM COOBITHE HEBO3MOXKHO, TO HHM OJUH W3 3JIEMEHTAPHBIX
WCXOJIOB WCIIBITAHUSI HE OjaronpusTcTByer coObiTHio. B atom ciywae m=0,
CICIOBATEIILHO, P(A)= m_ 9 =0.

n n

CaoiicTBo 3. BeposaTHOCTH CITy4aifHOrO COOBITHS €CTh IMOJOXKHTEIFHOE YHCIIO,
3aKJIFOYCHHOE MKy HYJIEM U CTUHULICH.

JIeiCTBUTENBHO, CIy9alHOMY COOBITHIO OJAarompHUsATCTBYET JIUIIL YacTh U3
00IIero Yucia 3JEMEHTAPHBIX HMCXOMOB HCIBITaHUS. B 3TOM ciiyyae 0<m<n, 3HAYMUT,

0<M 1, cenoBarensHo, 0< P(A)<1
n

Hrtak, BEpoOsSTHOCTH JHOOOr0 COOBITHS Y/IOBIETBOPSIET IBOWHOMY HEPaBEHCTBY
0<P(ALI.
Bompoc 2.3 OTHOCHTEIbHASI YaCTOTA. Y CTOHYHMBOCTH OTHOCUTEJILHON YaCTOTHI

OTHocHUTeNbHAsl YacToTa HapsAy C BEPOSTHOCTBIO MPHUHAMICKHT K OCHOBHBIM
TIOHATHSIM TCOPHU BEPOSITHOCTEH.

OmuocumenvbHol wacmomoti COObITHS Ha3bIBAIOT OTHOILICHHE YMCIIA UCIIBITAHUH,
B KOTOPBIX COOBITHE TMOSBWIIOCH, K OOLIeMYy 4YHCIy (AaKTUUECKH IPOU3BEICHHBIX
ucnbiTannid. Takum 00pa3oM, OTHOCHTENbHAs YacToTa COOBITHS A ompenensiercs

o m o
¢dopmynoli W(A)=—, rIe M — 4YHUCIO MOSBICHUH COOBITHSA, N — oOLiee YHCIo
n

HCIBITAaHUH.

CormocTaBisisl  ONpeNeNeHUs BEPOATHOCTM M OTHOCHTENBHOM  4YacTOTHI,
3aKJII0YAeM: OIpEZIelIEHUE BEPOSITHOCTH HE TpeOyeT, YTOObl UCIBITAaHUSI IPOU3BOAMINCH B
JNEUCTBUTEIBHOCTH; OIIPEIETICHHE JKE€ OTHOCHUTEIBHOW YacTOTHl IPEINoNaaraer, uTo
UCIIBITaHUs ObUIM  Tpou3BeneHbl  (akTHdeckd. JIpyruMH CIOBaMH, BEpOSTHOCTD
BBIYHUCIIAIOT JIO OIIBITA, & OTHOCUTENIBHYIO 4aCTOTYy—IIOCIIE OMBITA.

[pumep 1. Otmen TEXHWYECKOTO KOHTPOJIS OOHApYKWI 3 HECTaHAAapPTHBIX
meramn B maptim w3 80 ciaydaiiHO oToOpaHHBIX feraied. OTHOCHTENbHAas dYacTora

. 3
MOSBJIEHHS HECTAHAAPTHRIX AeTaen W(A)=—.

80
[pmmep 2. [o menn mpowmsBenu 24 BBICTpeNa, IpUIeM OBLIO 3apErHCTPUPOBAHO
o 19
19 nonamanmii. OTHOCHUTENIFHAS YaCTOTA MOpaKeHUs e W (A) = EYR

3aaum HeMoOCPeICTBEHHOr0 BLIYHC/IEHUS BEPOSTHOCTEI

3aoaua 1. Habupas HOMep TenmedoHa, aboHEHT 3a0buT OqHY Idpy U Habpai ee
Haynady. Haiftu BeposSTHOCTB TOTO, 9YTO HaOpaHa HyKHas mudpa.

Pewenue. Obo3Haunm uepe3 A cobbiTne — HaOpaHa HyxHas 1Hppa. AOOHEHT
Mor HabOpath r00yr0 3 10 mudp, modTOMy 00IIee YHCIO BO3MOXHBIX 3JIEMEHTapHBIX
ncxofoB paBHO 10. DTH MCXOABI HECOBMECTHBI, PABHOBO3MO)KHBI M 00Pa3yIOT ITOJIHYIO
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rpymmry. baarompusaTcTByeT cCOOBITHIO A WG OMUH UCXON (HyKHas mudpa JHIIb OTHA).
Hckomasi BEpOSTHOCTh paBHA OTHOIICHUIO YWCIIA HCXOJOB, OJarONMpUATCTBYIOIIHUX CO-
OBITHIO, K YHCITYy BCEX JIEMEHTApHBIX UCXONIOB: P(A)= %

3aoaua 2. Habupast Homep TenedoHa, aOOHEHT 3a0bLT MOCICTHIE ABE IU(PHI U,
ITOMHS JIMIIIb, YTO 3TH MUGPHI pa3IHnyHbl, Ha0paJl uX Haynady. HalTu BeposSTHOCTH TOTO,
4yT0 HaOpaHbl HY>KHBIE TU(PHI.

Pewenue. O603HaunM vepe3 B coObITHe — HaOpaHbI 1Be HY)KHBIE IU(pEIL. Beero
MOXXHO Ha0OpaTh CTOJNBKO pAa3IMYHBIX IM(pP, CKOIBKO MOXKET OBITh COCTABICHO

10!

(10-2)!
o0I1Iee YMCI0 BO3MOXKHBIX 3JIEMEHTAPHBIX HCX00B paBHO 90. DTH MCXOABI HECOBMECTHBI,
PaBHOBO3MOXHBI M O0Opa3yrOT MOJHYIO TPYIIY. BIaronpusTcTBYeT COOBITHIO B JHIIbL
omuH wucxoi. Vckomas BEpOATHOCTh paBHA OTHOIICHHIO YHCIIA HCXOJOB, OJaro-
MIPUSATCTBYIOIINX COOBITHIO, K YHCITY BCEX 3JIEMEHTapHBIX UCXOIOB: P(B) = %

IIpumep 3. B naptuu u3 10 nerasei 7 ctaHgapTHBIX. HalTH BEpOATHOCTH TOTO,
YTO CPE€aU MIECTU B3ATHIX Hayzlaqy ﬂeTaJ’leﬁ 4 CTaHJapTHBIX.

Pewenue. OOI1Iee YHUCIIO BO3MOXKHBIX 3JICMEHTAPHBIX MCXOI0B HCIBITAHUS PABHO
YHCITy CIIOCOOO0B, KOTOPHIMU MOXKHO M3BJe4b 6 geraneid u3 10, T. c. yMCIy COYETaHUI U3

10! ~210).

61(10-6)!

OnpenenuM YHCIO WCXOAOB, ONAaroMpUATCTBYIOMIMX HHTEPECYIOIIEMY Hac
cobbITHi0 A (cpemu IecTH B3ATHIX neraneil 4 craHAapTHeIX). YeTblpe cTaHIapTHBbIE

pasmenieHnii w3 JecsAtd 1Mpp MO IBeE, T.C. A120: =9:10=90. Takum oOpazom,

10 s1emenTOB 110 6 MeMenToB ( Cf) =

o 7!
JICTAJId MOXKHO B3SITh M3 CEMH CTAaHIAPTHBIX JleTaneit C? :m =35 crocobamu; mnpu
9TOM OCTajbHBIE 6-4=2 [eTamu JODKHBL OBITh HECTaHHAPTHBIME, B3STH Ke 2

_ N 2 3!
HecTaHAapTHRIE Aetanud u3 10-7=3 HecTaHAApPTHBIX JeTajeil MOXHO Cj :m:3

crocobamu. CrenoBaTenpHO, YHCIO  OMArompHATCTBYIOIIMX  HCXOIOB  PAaBHO
C3.C3 =35-3=105.
Hckomast BepOATHOCTh paBHAa OTHOIICHHIO dYHCIAa  HCXOAOB, Ojaro-

HpI/IﬂTCTByIOH.lI/IX CO6I>ITI/I}O, K III/IC.]'Iy BCEX BHCMGHTaprIX HUCXOO0B:
ct.c? 105 1
PA)==L =3 == —_
cf, 210 2

IIpakTHyeckue 3a1aHus N0 TeMe

2.1. B smmke 50 OmMHAKOBBIX JeTalleil, W3 HHUX 5 OKpamieHHBIX. Haymaay
BBIHUMAIOT OJHY JAeTaib. HaliTh BEpOATHOCTH TOTrO, YTO M3BIECYCHHAS JIETANb OKa’KETCs
OKpPAILIEHHOM.

2.2. bpomena urpanbHasi Koctb. HalTH BEpOSTHOCTH TOTO, YTO BBIIA/IET YETHOE
YHCITO.

2.3. YuyacTHHK XepeObeBKH TAHYT M3 AIIMKA JKETOHBI ¢ HoMepamu oT 1 mo 100.
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Haiit BeposITHOCTH TOro, YTO HOMEp IEPBOTO HayAady H3BICUCHHOI'O J>KETOHAa HE
COJIEPXKUT ITUPPHI 5.

2.4. Buytphs kpyra pamuyca R Haymauy OporreHa Todka. HaliTwm BepOSTHOCTH
TOTrO, YTO TOYKAa OKA)KETCS BHYTPU BIIMCAHHOTO B Kpyr KBajapara. [Ipemmonaraercs, 4To
BEPOATHOCTH TOMNAJaHWs TOYKM B KBaJpaT IPOMNOPIMOHAJIbHA IUIOMAAN KBajapaTa W HE
3aBHCHT OT PacIOJIOKEHUSI OTHOCUTEIBHO KpyTa.

2.5. BHyrpp KBazpata cOo CTOpOHOW « Haydady OporreHa Touka. Haiitu
BEPOATHOCTh TOTO, YTO TOYKA OKAXKETCS BHYTPU BIIMCAaHHOTO B KBaJpaT Kpyra.
[Ipenmonaraercs, 4To BEpOATHOCTh TOMAJaHUs TOYKH B KPYT MPOIOPIIMOHAIbHA TIOMIAIN
Kpyra ¥ He 3aBUCHT OT PACIOJIOKECHHUSI OTHOCHUTEIBHO KBajpara.

2.6. B xonBepre cpean 100 doTokapTouek HaXOAWUTCS OJHA pa3bicKuBaemas. M3
KOHBepTa Haynauy u3BiedeHsl 10 kaprouek. HaifTu BepoOsSTHOCTH TOro, 4TO Cpeau HHUX
OKa)KETCsI Hy)KHasl.

2.7. Ha cxmnane umeerca 15 kunHeckomnoB, mpuyeM 10 W3 HUX H3TOTOBJIEHBI
JIbBOBckMM 3aBofioM. HaiiTH BeposTHOCTH TOro, 4YTO Cpead S5 B3ATHIX Haydady
KHHECKOIOB OKaXKyTcs 3 KHHecKomna JIbBOBCKOTO 3aBOAA.

2.8. B rpynme 12 cryneHToB, cpenu KOTOpIX 8 oTMyHUKOB. Ilo crincky Haymauy
oroOpanbl 9 cryaeHToB. HaliTh BEpOSTHOCTH TOTO, YTO CPEIU OTOOPAaHHBIX CTYIEHTOB 5
OTJIMYHUKOB.

2.9. B maptum u3 100 geraneil oTien TEXHHMYECKOTO KOHTPOIS OOHApYXUI 5
HECTaHIAPTHBIX  JeTajedl. YeMy paBHa  OTHOCHTENIbHAs  4YacTOTa  IOSBIECHUS
HECTaH/JAPTHBIX JeTanei?

2.10. Tlo wmemu mpousBeneHo 20 BBICTPENOB, NMPHYEM 3apeTUCTPUPOBAHO 18
nonagaHuil. HaliTy OTHOCUTENBHYIO 4acTOTY NONAJaHUil B LIENb.

2.11. IIpu cTtpenbbe W3 BHHTOBKH OTHOCHTENbHAs YacTOTa IMOMAJaHUS B IENb
okazanach pasuor 0,85. Haiiti umcno momananmii, eciim Bcero ObUIO mpousBeneHo 120
BBICTPEJIOB.

2.12. llpu wWCOBITAHWM TAPTUH MPUOOPOB OTHOCHTENbHAs YacTOTa TOIHBIX
npubopoB okazanach paBHoi 0,9. Haiitu ymciio rogHeix HpHOOPOB, €M BCEro ObLIO
npoBepeHo 200 mpuOopoB.

2.13. Ha miockocTH HauepyeHbl BE KOHIICHTPUYECKHE OKPYKHOCTH, PaJnyChl
KOTOpBIX paBHBL 5 1 10 cM. Haiit BeposATHOCTH TOTO, YTO TOUKA, OpOIIeHHAs HA yIady B
OONbIION KpYr, TMOMAAET TaK XK€ M B KOJBLO, OOpa30BaHHOE ITHMH OKDPYKHOCTSMHU.
[lpenmonaraercs, 4YTO BEPOSATHOCTh IOMANAHWS TOYKM B  IUIOCKYI0  (QUTYpy
MIPOITOPIMOHANBHA IUIOMIAIN 3TOH (PUTYPHI M HE 3aBUCHUT OT €€ PACTIONOXKECHUSL.

Tema 3. Cio:keHune BeposiTHOCTEIH

Bonpoc 3.1 CiioxkeHue BeposiTHOCTEH He3aBHCHMBIX COOBITHIT

Cymmoti A+B 0syx cobwimuti A W B Ha3pBalOT COOBITHE, COCTOSIIEE B
MOSIBIICHUH COOBITHS A, WK COOBITHS B, i 000MX 3TUX COOBITHIA.

Hanpumep, ecnu n3 opyaust Ipou3BeeHbI 1Ba BRICTpeNa M A—TonajaHne IpH
TIepBOM BBICTpEJIe, B—Ionaganne MMpyu BTOPOM BBICTpene, TO A+B — momaganue npu
TIEpBOM BBICTpPEJIE, HIIH MPH BTOPOM, WIIM B 00OMX BBICTpETax.
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B uvactHocTH, eciiu qBa cOOLITHS A U B — HecOoBMeCTHBIE, TO A+B — coObITHE,
COCTOSIIEE B MOSBIICHUH OJTHOTO M3 3TUX COOBITHI, Oe3pa3ImyHO KaKoro.

Cymmoil  HeckonvbKux cobbimuli Ha3BIBAIOT COOBITHE, KOTOPOE COCTOUT B
MOSIBJICHUH XOTS OBl OHOI'O M3 3TUX COOBITHH.

Hanpumep, coObite A+B+C cOCTOMT B TOSBICHHU OJHOTO W3 CJCTYOIIHX
cobprtuii: A, B, C,AuB, AunC, BuC, AuBucC.

IIycte coObiTHs A U B—HecoBMecTHBIC, TIPUYEM BEPOSITHOCTHA ITHX COOBITHN
u3BecTHBI. Kak HaliTW BEpOSATHOCTH TOTO, YTO HACTYIIMT JINOO COOBITHE A, THOO COOBITHE
B? OtBer Ha 3TOT BOIIPOC Ja€T TeopeMa CIOKEHHUS.

Teopema. BeposTHOCTH TIOSBIICHHS OJHOTO W3 JIBYX HECOBMECTHBIX COOBITHH,
0e3pa3IuYHO KaKoro, paBHa CyMME BEPOSTHOCTEH 3THX COOBITHIA: P(A+B)=P(A)+P(B).

Joxazamenvcmeo. Bpeaem o000o3HadeHus: N—oOliee 4YHCIO BO3MOXKHBIX
9JIEMEHTAPHBIX HMCXO/OB HCIBITAaHHUS; M1 — YHCIO HCXOAOB, OJaromnpHsTCTBYIOLIHX
.COOBITHIO A; Mp,— YKCIIO UCXOOB, ONArONPHUATCTBYIONINX COOBITHIO B.

Uucio sJeMeHTapHBIX HWCXO/OB, OJAaronpHATCTBYIOUIMX HACTYIUIEHHIO JHOO0
COOBITHS A, h197(e10) COOBITHS B, paBHO ms+m. CrnenoBaTeabHO,

my; +my _ml+m

P(A+B)= TZ = P(A)+P(B).

CaencrBue. BepoATHOCTh TMOSBICHHS OJHOTO W3 HECKONBKHX IONAapHO
HECOBMECTHBIX COOBITHIA, O€3pa3iMYHO KakKoro, paBHA CYMME BEPOSTHOCTEH OSTHX

coObITUI: P(A +Ay +...+ A) =P(A)+P(A) +...+ P(A).

3aoaua 1. B ypue 30 mapos: 10 kpacHbix, 5 cuHux u 15 Oenbix. Haiitu
BEPOSATHOCTH IOSIBJICHHS LIBETHOT'O LIapa.
Pewenue. TlosBneHne LBETHOTO IIapa O3HAYaeT IIOABJICHHE JHOO KPacHOro,
00 CHHEro Iapa.
10 1
BeposTHOCTH MOsIBIIEHHS KpacHOTo mapa (codbitne 4) P(A) = -3

5 1
BeposTHOCTH mosiBIIeHHs cuHETo m1apa (coositie B) P(B) = -5
CoOpitési A U B HecoBMeCTHBI (IIOSIBIICHHE IIapa OJHOIO I[BETa HCKIIOYaeT
TMOSIBJICHKE I1Iapa JIPYroro IBETa), IO3TOMY TeopeMa CIOKEHHs TPUMEHHMA.

Hckomas BeposTHOCTE P(A+B)=P(A)+P(B)= 1 + L

3.6 2
3aoaua 2. Ctpenok cTpenser MO MHUILNCHH, pa3JeieHHOW Ha 3 obmacrtu.
BeposTHOCTP TIOMamaHus B mepByr0 obmacte paBHa 0,45, Bo BTOpyro — 0,35. Haiitn

BEPOSTHOCTH TOTO, YTO CTPEJIOK TIPH OJHOM BBICTpPEIIE MOMAJET JHO0 B MEPBYIO, JIMOO BO
BTOPYIO 00JIaCTh.

Pewenue. CoObITHSI A—«CTPENOK TIOMANl B TIEPBYIO 00JacCTE» U B—«CTpenok
TIOTIaJT BO BTOPYIO 00JacTh» — HECOBMECTHHI (TIOTMajaHue B OAHY 00JacTh MCKIIOYAET
TNOMaIaHKE B JPYTYIO), TIOITOMY TeOpeMa CIIOKEHHS IIPUMEHUMA.

HUckomast BepositHocts P(A+ B) = P(A)+ P(B) =0,45 + 0,35 = 0,80.
Bonpoc 3.2 [Toanasi rpynna co0bITHi

Heckonbko coObITHI 00pasyloT noauylo epynny, €Cii B Pe3ynbTaTe UCIIBITAaHHS
TIOSIBUTCS XOTS OBI OZTHO M3 HHX.
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Teopema. Cymma BeposTHOCTEH cOOBITHI A1, A2, ..., Ak, OOpA3YIONINX TIOJIHYIO
rpynny, paBHa eguHune: P(A)+P(A)+..+P(A) =1.

Hoxaszamenvcmeo. Tak Kak TOSBICHWE OJHOTO M3 COOBITHII ITOJHOW TPYIIIIBI
JIOCTOBEPHO, a BEPOSTHOCTH JIOCTOBEPHOTO COOBITHS paBHA CIMHUIIE, TO

PA+A+. . +A)=1 3.1

JIroOble 1Ba COOBITHSL TIONHOM TPYIIBI HECOBMECTHBI, MOITOMY MOXKHO
MIPUMEHHUTB TEOPEMY CIOKEHUS:

P(A + A +...+ A)=P(A)+P(A) +...+ P(A). (3.2)

CpasnuBast (3.1) u (3.2), momyanm P(A)+P(A)+...+P(A) =1.

3a0aua 1. KoHCynbTalMOHHBIH TYHKT MHCTUTYTa TIOJAYyYaeT TMakKeTbl C
KOHTPOJIbHBIMU paboTamMu u3 ropoaoB 4, B u C. BeposTHOCTh TONy4eHUS HakeTa U3
ropona A pasna 0,7, u3 ropona B —0,2. Haiitu BeposiTHOCTb TOT0, UTO OYEPETHON MAKET
Oyner nonyuen u3 ropoaa C.

Pewenue. CoOBITHSI «IIAKET MOJYYEH M3 ropoja A», «IakeT MojydeH U3 ropoja
By, «naker monydeH u3 ropoga C» 00pa3ylOT TOJIHYIO TPYIIy, [O3TOMY CyMMa
BEPOSITHOCTEH OTHX COOBITHH paBHa eauHUIE: 0,7+02+P(C)=1. OTcroma HCKOMas
BEPOATHOCTb P(C)=1-0,9=0,1.

Bonpoc 3.3 I[IpoTHBONO/I0KHBIE COOBITHS

IlpomusononosicnbiMy Ha3bIBAIOT JIBA EIUHCTBEHHO BO3MOXHBIX COOBITHSI,
oOpasyouux MojHyto rpymmny. Ecim ogHO W3 ABYX NPOTHBOIOIOKHBIX COOBITHI
0003Ha4Y€EHO 4epe3 A, TO APYroe NPUHATO 0603HAYATh A.

[Ipumep 1. Ilomaganue 1 mpomax MpH BEICTPENE MO IS — IPOTUBOIIOIOKHBIE
co6biTus. Eciu A — monananue, To A — npomax.

[pumep 2. U3 amuka Hayaauy B3sita getanb. COOBITHS IOSBUIIACH CTAHIAPTHAS
JeTaIb» U «IOSBUIIACH HECTAHAAPTHAS JI€Tajby» — IPOTHUBOIIOIOXKHEIE.

Teopema. CymMa BEepOSTHOCTEH MPOTHUBOIOIOKHBIX COOBITHI paBHA €IUHUIIC:
P(A)+P(A) =1.

Jlokazamenvcmeo. 1IpOTHBONONOXKHBIE COOBITHS OOpa3ylOT IMOMHYIO TPYIILY, a
CyMMa BepOsSITHOCTEH cOOBITHIA, 00pa3yIOIIKX MOMHYIO TPYIINY, paBHa equnuie (cm. 3.2).

3ameuanue 1. Eciii BepOSTHOCTH OIHOT'O W3 JIBYX MPOTHUBOIIONOKHBIX COOBITHI
o0o3HaueHa dYepe3 p, TO BEPOSTHOCTh OPYroro coObITHA 0003HA4ar0T 4depe3 (. Taxmm
00pa3oM, B cuITy TIpebIayIei TeopemMbl P+0=I.

3aoaua 1. BeposTHOCTE TOro, 4TO ACHb Oymer moxmmBbiM, p=0,7. Haiitm
BEPOSITHOCTH TOTO, 9TO JACHb OYIET SICHBIM.

Pewenue. CoOBITHS «II€HP IOXKIIUBBIDY W «ICHBb SICHBII» — TIPO-
THBOIIOJIOKHBIE, TIO3TOMY MCKOMas BeposiTHocTh =1-p = 1-0,7=0,3.

3ameuanue 2. Tlpu pelieHny 3a/1a4 HA OTBICKAHUE BEPOSITHOCTH COOBITUS A 4acTO
BBLIFOJIHO CHAYaja BBLIYMCIUTH BEPOATHOCTh COOBITHA A, a 3aTeM HAHWTH HCKOMYIO
BEPOSTHOCTB O opMyIIe

P(A)=1-P(A).

3aoaua 2. B smmke mMeeTcs N neTanei, M3 KOTOPBIX M CTaHAapTHHIX. Haiith
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BEPOATHOCTh TOTO, YTO cpefau K Haymauy W3BJICUEHHBIX JeTaiell eCcTh XOTs Obl OjHa
CTaHAapTHAsL.

Pewenue. CoOBITHS «Cpeliyd W3BJICUCHHBIX JeTalied ecThb XOTs OBl OJHa
CTaHAApTHAs» M «CPeIM UW3BJICUYCHHBIX JeTaneil HeT HU OJHOH CTaHJapTHOW» —
HpOTUBOIONOKHBIE. OG03HAYUM NEPBOE COOBITHE Yepe3 A, a BTopoe—uepes A.

OueBuHO, P(A)=1-P(A).

Haiinem P(A). O6uiee unciio crnoco6os, KOTOPHIME MOKHO H3BJIedb K peraneil u3
N neraneii, pasHo CF. UMcIo HecTaHAApTHBIX JeTaieil paBHO N-M; W3 JTOro vmcia

fetaneil MoxHO CK . crocobamu u3Bieuh K HecTammapTHIX jeTaneil. IlosTomy

BEPOSTHOCTD TOT'O, YTO CPEH U3BJICUEHHBIX K JeTajiell HeT HU OJIHOW CTaHAapTHOM, paBHA
- cf — ck
P(A) = ”—‘km Hckomast BeposTHOCTE P(A)=1-P(A) = 1—”—‘km.
n n
Bomnpoc 3.4 TeopeMa cjioKeHUsI BEPOSTHOCTE COBMECTHBIX COOBITHIA

beita paccMoTpeHa Teopema CIIOKEHHs Ul HECOBMECTHBIX COOBITHH. 31ech
OyIeT U3JI0KeHa TeopeMa CIIOKEHHSI 115l COBMECTHBIX COOBITHIA.

JBa cOOBITHS HA3bIBAIOT COBMECHIHbIMU, €CIW TIOSBJIEHHE OJHOI'0 M3 HHX HE
HCKIIIOYAET MOABJICHUS APYTOro B OAHOM U TOM K€ UCIIBITAHNUHA.

[Mpumep 1. A — mosiBIEHHE YETHIPEX OYKOB MPH OPOCAaHHU MIPABHONH KOCTH; B
— TIOSIBJIEHHE YETHOTO 4Kciia 04KoB. CoObITHSI 4 1 B — COBMECTHBIE.

[TycTb coObITUSI A U B COBMECTHBI, TIPHYEM JIaHbl BEPOSTHOCTH ITUX COOBITHH U
BEPOATHOCTh HX COBMECTHOrO mHosiBlieHHs. Kak HaWTH BepOSTHOCTh coObITUs A+B,
COCTOSIILIETO B TOM, 4YTO ITOSBUTCA XOTSA ObI OmHO M3 coObITHi 4 u B? OTBET Ha 3TOT
BOIIPOC JIa€T TeOpeMa CIIOKEHHUS BEPOSITHOCTE COBMECTHBIX COOBITHIA.

Teopema. BeposTHOCTh TOSBICHHS XOTS OBl OZHOTO M3 JIBYX COBMECTHBIX
COOBITHI paBHA CyMM€ BEPOSTHOCTEH 3TUX COOBITHII 03 BEpOSTHOCTH UX COBMECTHOI'O
HosBIeHUs: P(A+B)=P(A)+ P(B)—P(AB).

Jlokazamenvcmeo. 11ockonbKy coObITHS A W B, 1O YCIOBUIO, COBMECTHBI, TO
coObITHe A+B HACTYIUT, €CIIM HACTYNHT OJIHO W3 CJCAYIOIMX TPEX HECOBMECTHBIX

cobbITHiL: AB, AB mti AB. T1o TeopeMe CII0KEHHs BEpOSTHOCTEi HECOBMECTHBIX COOBITHIA,
P(A+B) = P(AB)+ P(AB)+P(AB). (3.3)

CoOpiTHE A TIPOU30MIET, €CITM HACTYIIUT OJHO W3 JIBYX HECOBMECTHBIX COOBITHIL:
AB wu AB. Tlo TeopeMe CIIOKEHHS BEPOSTHOCTEH HECOBMECTHBIX COOBITHI UMEEM

P(A) = P(AB) + P(AB).

Orcrona

P(AB) = P(4)— P(AB). (3.4)

AHAJOTMYHO UMEEM

P(B) = P(4B)+ P(AB).

Ortcrona

P(4B) = P(B)— P(AB). (3.5)
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IMoncrasus (3.4) u (3.5) B (3.3), OKOHYATEIEHO MTOTYIHM
P(A+B) = P(A)+ P(B)— P(AB). (3.6)

3ameuanue 1. Tlpyu WCTONB30BAaHUM TONYUCHHON (DOPMYNBI ClEAyeT UMETH B
BHJTY, YTO COOBITHS A M B MOTYT OBITh KaK HE3aBUCUMBIMH, TaK U 3aBUCUMBIMH.

JI71s1 He3aBUCUMBIX COOBITHI

P(A+B)=P(A)+ P(B) - P(A)P(B).

J1y1st 3aBUCHMBIX COOBITHIA

P(A+B)=P(A)+P(B)—P(A)PA(B).

Bameuanue 2. Ecnu coObiTus A U1 B HECOBMECTHBI, TO WX COBMEIIEHHE €CTh
HEBO3MOXXKHOE COOBITHE W, cienoBarenbHo, P(4B)=0. ®opmyna (3.6) U1 HECOBMECTHBIX
cOOBITHI TPUHUMAET BHUJ P(A+ B) = P(A) + P(B).

MBI BHOBb TOJNYYMIIH TEOPEMY CIOKEHHUS JJI1 HECOBMECTHBIX COOBITHH. Takum
obpaszoM, ¢opmyna (3.6) cipaBemuBa Kak JJIsi COBMECTHBIX, TaK U IS HECOBMECTHBIX
COOBITHIA.

3a0aua 1. BeposTHOCTH TMOMAJaHUs B LENb NPU CTPEIbOE MEPBOr0 M BTOPOIrO
opyauit cooTBeTcTBeHHO paBHbl: Py = 0,7; P, = 0,8. HaliTn BeposTHOCTh MOMagaHus npu
OJTHOM 3aJiTie (M3 000X OpY/IHii) XOTsI ObI OTHUM W3 OPY/IHIA.

Pewenue. BeposTHOCTh TIOMaJaHusl B LENb KaXKIbIM U3 OPYIUil HE 3aBHCHT OT
pe3yabpTaTta CTpeiabObl M3 IPYroro Opymausi, MOATOMY COOBITHS A (momajaHHe MepBOro
opynusi) U B (monmajgaHue BTOPOro OPYAHS) HE3aBUCUMBL.

BepostHOocTh  coOBITHSI AB  (0b6a  opyaus pmanM = TNoOmajaHue) — —
P(AB) =P(A)P(B)=0,7-0,8 =0,56.

Hckomas BepostHocts — P(A+B)=P(A)+P(B)-P(AB)=0,7+0,8—-0,56=0,94.

Tema 4. YMHOKeHHE BepPOSITHOCTEH

Bonpoc 4.1 IIpousBeaeHue cOObITHIA. Y C10BHASI BEPOSITHOCTD

Ilpoussedenuem nByx coObiTmii A M B Ha3pIBalOT cOOBITHE AB, cocTosiee B
COBMECTHOM ITOSIBJICHUHN (COBMEIICHUH) STHUX COOBITHH.

Hanpumep, ecnn A—nerans rogHas, B—neTanb OKpamieHHas, To AB — neranb
TOJIHa 1 OKpAaIlIeHa.

[Ipon3BeneHneM HECKONBKHX COOBITHI Ha3bIBAIOT COOBITHE, COCTOAIIEE B
COBMECTHOM TIOSIBIIEHHH BCEX 3TUX COOBITHH.

Hanpumep, ecmun 4, B, C — mosiBneHne «rep0a» COOTBETCTBEHHO B IIEPBOM,
BTOPOM U TpeTheM Opocanusx MoHerbl, T0 ABC — BhimaseHue «rep6a» BO BCEX Tpex
HCTIBITAHUSX.

CrnydaiiHoe COOBITHE OMPENeNeHO KaK COOBITHE, KOTOPOE MPH OCYIIECTBICHUN
COBOKYITHOCTH YCJIOBHI S MOXXET MPOU30UTH WK HEe MPOU30UTH. Eciu mpu BeIMHCICHUN
BEPOATHOCTH COOBITHS HUKAKUX JIPYTHX OTPAaHWUYCHUH, KPOME YCIOBHH S, HE Hajaraercs,
TO TaKyl0 BEpOSTHOCTb HA3BIBAIOT 0€3YCN0GHOU; €CIH >K€ HajaraloTcs W Jpyrue
JIOTIOJTHUTEINIEHBIE YCIIOBHS, TO BEPOSITHOCTh COOBITHS HAa3bIBAIOT YCIOGHOU.
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Hanpumep, 9acTo BBMHCISIOT BEPOSITHOCTH COOBITHS B TIpH JOMOJHHUTEIHLHOM
YCIIOBUHM, YTO TIPOU3OILIO COOBITHE A.
YcnoBHOH BepOATHOCTBIO  P,(B) Ha3bpIBAalOT BEpPOSTHOCTH COOBITHS B,

BBIYHCIICHHYIO B TPEATIONOKEHHIH, YTO COOBITHE 4 YXKe HACTYIHIIO.

3aoaua 1. B ypue 3 Oenpix u 3 uepHbIX 1mapa. M3 ypHBI ABaXK/1bl BBIHUMAIOT IO
OJIHOMY IIIapy, He Bo3Bpallas ux oOpatHo. HaiTi BeposSTHOCTh MOSIBICHHS OENOro mapa
IOpU BTOPOM HCIbITaHUU (CoObITHE B), eciu mpu MepBOM HCIBITAHUM ObUT M3BJICYCH
YepHsbIi map (codbiTre A).

Pewenue. Tlocne TmepBOro HCHBITAaHUS B ypHE OCTANOCh 5 IIAPOB, M3 HUX 3
Oenbix. Mickomasi ycIIOBHAsI BEPOSTHOCTD

3
P,(B)=">-
4(B) 5
DTOT ke pe3yIbTaT MOKHO HOTYYHTh 1O (GOpMyIle
_P(AB) @.1)
P,4(B) ok (P(A)>0).

JleiicTBUTENBHO, BEPOATHOCTh IMOSIBICHHS O€I0oro  Iapa NpH IEPBOM HC-
IbITAHUU P(A) = } - l
6 2.
Haiinem BepositHocTh P(AB) TOrO, YTO B TIEPBOM HCIIBITAHUH TOSIBUTCS YEPHBIN
miap, a B0 BTopoM — Oenbrif. O011iee YUCI0 UCXOA0B — COBMECTHOTO MOSBIICHHS BYX
8 _s5.6=30. Us
(6-2)!
3TOTO YHUCJIa UCXOI0B COOBITHIO AB GmaronpusaTcTBYIOT 3-3=9 ncxomnos. CienoBaTensHO,
P(AB) =9/30 = 3/10.
Hckomast yciioBHast BEpOSTHOCTh

mapos, 6e3pasTuYHO KAKOro IBETa, PABHO UMCITY pasMelleHnii A? =

o (B):P(AB):%:E
4 PAA 14 5

Kak Buanm, nony4eH npexHuil pe3ynbrar.

Hcxozast U3 KIacCHYECKOro OIMpeeieHust BeposTHOCTH, Gopmyay (4.1) MoxHO
JOKa3aTb. OJTO OOCTOSTENBCTBO W CIYXKHT OCHOBAaHHEM [UIA CIEAYIOMIEro OOIIero
(TpUMEHNMOTr0 He TOIBKO TS KIACCHIECKOW BEPOSATHOCTH) ONIPENETICHUS.

Ycnoenaa eepoasmuocms cobpitiss B mpm ycnmoBHH, UTO coOBITHE A yKe
HaCTYIIIJIO, TI0 ONPEETICHUIO, paBHA

P, (B)= P,j(‘f)) (P(A)>0).

Bonpoc 4.2 Teopema yMHO:KeHUsI BEPOSITHOCTEIH
Paccmotpum nBa coOwitusi: 4 U B; ycTh BeposTHOCTH P(A) U P,(B) U3BECTHBI

Kak HaliTH BepOSTHOCTH COBMEIICHHS JTHX COOBITHI, T. € BEPOSTHOCTH TOTO, YTO
ToBUTCS 1 cOOBITHE A 1 coObITHe B? OTBET Ha STOT BOIPOC TAaeT TeOpeMa yMHOKCHHS.

Teopema. BeposSTHOCTHP COBMECTHOTO TIOSBJICHHS JBYX COOBITHH paBHA
MIPOM3BECHUIO BEPOATHOCTH OJHONO W3 HUX Ha YCIOBHYKHO BEPOSATHOCTH APYIOro,
BBIUMCIIEHHYIO B  TIPEIIIOJNIOKEHHH, UYTO TEpBOE€ COOBITHE YK€  HACTYIWIO:
P(AB) = P(A)P,(B).
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Horasamenscmeo. 110 ONpesIeNIeHNIO YCTIOBHON BEPOATHOCTH, P ,4(B) = PFE? AE;)'
Ortcrona

P(AB)=P(A)P 4(B). (4.2)

3ameuanue. TlpumenuB dopmyny (4.2) k coObTHIO BA, mOIyYHM
P(BA)=P(B)Pg(A), uu, mockonbKy codbitue BA He OTM4aeTcs ot coobitus 4B,

P(AB)=P(B)Pg(A), (4.3)

CpagnuBas popmyisl (4.2) u (4.3), 3aKiI04aeM O CIPaBEJIUBOCTHA PABCHCTBA
P(A)P4(B) =P(B)Pz(A) (4.4)

Cnedcmsue. BeposiTHOCTh COBMECTHOT'O TMOSIBJICHHSI HECKOJIBKUX COOBITHI paBHA
MIPOM3BEACHHUIO BEPOSITHOCTH OJHOTO M3 HHUX Ha YCIIOBHBIE BEPOSITHOCTH BCEX OCTAIIBHBIX,
IIpUIEM BEPOATHOCTH KAXKAOr0 IMOCIEAYIOIIETO COOBITHS BBIYUCIISAETCS B MPEANOI0KCHNH,
YTO BCE MPEABIAYIINE COOBITHS YXKE MOSBUIUCH:

P(AAL A A) = P(A)Py (Ao)Pa p, (A3)..Pan, A (A
rae PA1 Ay A (Ay) — BEPOSATHOCTH COOBITHS Ak’ BBIYMCJICHHAsI B MPEAIOI0KECHNH, YTO

cobbItHs A, Ay,....A; Hactymwmd. B wactHocTH, U1 Tpex  COOBITHI
P(ABC) = P(A)P4(B)Pag(C).

3aMeTuM, YTO HOPSIOK, B KOTOPOM PacHoIOKEHbI COOBITHS, MOXKET OBITh BHIOpaH
JIO0BIM, T. €. 6e3pa3IM4HO KaKoe COOBITHE CUUTATh IEPBBIM, BTOPBIM U T. 1.

3a0aua 1. YV cbopumka umeercss 3 KOHYCHBIX U 7 JJUIMOTHYECKUX BaJIMKOB.
COopIuK B3sJI OIMH BaJIMK, a 3aTeM BTOpOil. HaiiT BepOsSITHOCTH TOr'0, 4TO MEPBBIH W3
B3AThIX BaJMKOB — KOHYCHBII, a BTOPOH — JJIMITHUYECKU .

Pewenue. BeposTHOCTb TOrO, YTO MEPBBII BaIUK OKaXKETCSI KOHYCHBIM (COOBITHE
A), P(A)=3/10.

BeposiTHOCTB TOro, 4TO BTOPOM BajMK OKAKETCS 3JUTUNTHYeCKHM (coObiTe B),
BBIYMCIIEHHAs B TPEITOIOKCHUH, YTO MEPBBIA BaJUK —. KOHYCHBIH, T. €. YCIIOBHas
BepOATHOCTE Pp(B)=7/9.

3adaua 2. B ypue 5 Oenbix, 4 uepHbIX M 3 cuHHX miapa. Kaxijoe ucbiTaHue
COCTOMT B TOM, YTO Hayzady M3BJICKAIOT OJMH IIap, He Bo3Bpamuas ero ooparHo. Haiitn
BEPOSITHOCTH TOTO, YTO TPH MEPBOM HCIBITAHWUH MOSIBUTCS OENbIi map (coObITHE A), IpH
BTOPOM — YepHEI (coObITHE B) 1 Ipu TpeTbeM—cuHuit (codbiTre C).

Pewenue. BeposTHOCTh TOsBICHHs Oe€oro mapa B NEPBOM HCIBITAaHUH
P(A)=5/12.

BeposTHOCTD TOSIBNIEHNST YEPHOTO IIapa BO BTOPOM HCIBITAHWM, BBIUMCICHHAS B
MIPEANIONIOKEHHY, YTO B TEPBOM HWCIBITAHWM TOSBWICS O€mnblii Imap, T. €. yCIOBHAas
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BEPOSITHOCTh PA(B) =4/11.

BepOHTHOCTL MOABJICHHA CUHETO IIapa B TPCTbEM HCIbITAHWU, BbBIYHMCICHHASA B
OpEeANOI0KECHUHU, YTO B NEPBOM HCIBITAHUN TOSABUIICA OembIit map, a BO BTOpOM —

YCPHBIiA, T. €. yCIoBHas BeposTHOCTE P p(C) =3 /10.

Hckomast BeposTHOCTE P(ABC)= P(A)PA(B)P 45 (C)=(5/12)-(4/11)-(3/10)=1/22.
Bompoc 4.3 He3aBucumbie co0biTHsI. Teopema yMHOMXKeHHSI ISl He3aBHCHMBIX
COOBITHI

ITycTh BEpOSATHOCTH COOBITHS B HE 3aBHCHUT OT TMOSBJICHUS COOBITHS A.

Cobwvimue B nasvisarom nesasucumoim om cobvimusi A, €CIIN MOSIBJICHUE COOBITHS
A He U3MCHSCT BEPOSTHOCTH COOBITHS B, T. €. €ClIi YCJIOBHAs BEPOSTHOCTH COOBITHS B
paBHa ero 0e3yCIOBHON BEPOSTHOCTH:

P4(B)=P(B) (4.5)

IToncraBus (4.5) B cootHomeHue (4.4), momyauM P(A)P(B)=P(B)Ps(A). Otciona
Ps(A)=P(A), T. €. YCIIOBHasl BEpOSITHOCTh COOBITUS A B MPEANOI0KEHUH, YTO HACTYIIHIIO

coObITHEe B, paBHa ero 0e3ycJOBHOH BeposTHOCTH. [IpyruMu ciioBamu, coObiTne A He
3aBUCHUT OT COOBITHSA B.

Htaxk, ecinu coObITHE B He 3aBUCHUT OT COOBITHSA A, TO K COObITHE A HE 3aBHUCHUT OT
COOBITHS B; 3TO 03HAYAET, UTO CEOUCHBO HE3ABUCUMOCU COOBIMULL 83AUMHO.

Jns He3aBUCUMBIX COOBITHI TeopeMa YMHOKEHUsT P(AB) = P(A)P5(B) uMeer BUJ

P(AB) =P(A)P(B), (4.6)

T. €. BEpPOATHOCT COBMECTHOTO IIOSIBJICHHMSA [BYX HE3aBHCHMBIX COOBITHH paBHA
MIPOU3BEACHUIO BEPOSITHOCTEH 3TUX COOBITHIA.

PaBencTBO (4.6) NPUHUMAIOT B KAYECTBE OMPEACICHHS HE3aBUCHMBIX COOBITHH.

Hea cobvimus nasvigaiom He3a8UCUMbIMU, €CITH BEPOATHOCTh MX COBMEIICHUS
paBHa NPOM3BEACHUIO BEPOSTHOCTEH 3THX COOBITHI; B IPOTHBHOM CIydae COOBITHS
Ha3bIBAIOT 3AGUCUMbBIMU.

Ha mpaktuke o HE3aBHCHMOCTH COOBITHI 3aK/IIOYAIOT IO CMBICIY 3a/add.
Hanpumep, BepoATHOCTH MOPaXXEHUS IIENN KaXIIM W3 JIByX OPYIOHWH HE 3aBUCAT OT TOTO,
TIOPa3HIIO JIK IIENb JPYroe OpyIHue, IOATOMY COOBITHS «IIEPBOE OPYAUE MOPA3UIO LETh» U
«BTOPOE OPYINE TIOPA3UIIO IIETb)» HE3aBUCHMBI.

3adaua 1. HaiiTu BepOSTHOCTD COBMECTHOT'O MTOPAYKEHUS eI ABYMS OPYIMSIMH,
€CIT BEPOSITHOCTH TIOPAXKEHUS IIeTN TIepBEIM opyaueM (coobitne A) paBaa 0,8, a BTOpEIM
(coberTre B) — 0,7.

Pewenue. Cobbitsi A 1 B HE3aBHCHMBIE, TIOITOMY, IO TEOpEeME YMHOXKEHUS,
HCKOMast BEpOSITHOCTh

P(AB) =P(A)P(B)=0,8-0,7=0,56.

3ameyanue 1. Ecnu coObITHA A ¥ B HE3aBUCHMBI, TO HE3aBUCHUMBI TaK)Ke COOBITHS
Au B, AuB AuB.

Heckonbko cobvimuti Ha3wbi6arom NONAPHO HE3AB8UCUMBIMU, ECITH KaXK/IbIe J1BA W3

HHUX HE3aBHUCHUMBI. HaanMep, COOBITHS A, B, C MOMnapHO HE3aBUCHUMBI, €CJIN HC3aBUCHUMBbI
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coortus AuB,Au C,BuC.

Just Toro uyToOBI 000OHIMTH TEOPEMY YMHO)KEHHMS Ha HECKOJIBKO COOBITHH,
BBEJICM ITOHATHE HE3aBUCUMOCTH COOBITHI B COBOKYITHOCTH.

Hecxonvrko cobvimuii nHaszviearom He3asucumviMu 6 co8oxkynHocmu (WA TIPOCTO
HE3aBUCHMBIMH), €CITH HE3aBUCUMBI KaXK/bIC JTBA U3 HUX U HE3aBUCHMEI KaX/10€ COOBITHE
U BCE BO3MOXKHBIC MPOHM3BEACHUS OCTANBbHBIX. Hampumep, ecmu coOwitus A, B, C
HE3aBUCHMEBI B COBOKYITHOCTH, TO He3aBHCUMBI cOObITHA A U B; An C; Bu C; Au BC; Bu
AC; Cu AB.

IIpuBeaem Temneps ciaeACTBUE U3 TEOPEMbI YMHOXKEHUSL.

CaencrBue. BeposSTHOCTH COBMECTHOTO TIOSIBJICHHS HECKONBKHX COOBITHH,
HE3aBUCHMBIX B COBOKYITHOCTH, PaBHA MPOM3BEACHUIO BEPOSITHOCTEH ITHX COOBITHIA:

P(AA..A) =P(A)P(A)...(AQ).

Jlokazamenvcmeo. PacemotrpuM Tpu coObitust: A, B u C. CoBMeIeHHE COOBITHI
A, B u C paBHOCWIBHO COBMEIICHHUIO COOBITHI AB 1 C, 103TOMYy P(ABC)=P(AB-C).

Tak xak coObiTus A, B 1 C HE3aBUCUMBI B COBOKYITHOCTH, TO HE3aBHUCHUMBI, B
yacTHOCTH, coObiTus AB u C, a Takke A u B. [lo Teopeme yMHOKEHHSI AJIsl IBYX HeE3a-
BUCHMBIX COOBITHI UMeeM: P(AB-C)=P(AB)P(C) u P(AB)=P(A)P(B).

Htak, okoH4YaTeNnpHO NOIy4uM P(ABC) = P(A)P(B)P(C).

Jl71s1 IpOM3BOJIBLHOTO 7 J0Ka3aTEeNIbCTBO MPOBOAUTCS METOJIOM MaTeMaTHYEeCKON
UHITYKIIAH.

3ameuanue. Ecau cobObitust A, Ay,...,A HE3aBUCUMBI B COBOKYIIHOCTH, TO H

NPOTUBONOI0KHBIE UM COOBITUA A, Ay,..., A, TaKKe HE3aBHCHUMBI B COBOKYITHOCTH.

3a0aua 2. HaiiTm BepOATHOCTH COBMECTHOTO TOSIBJIICHHSI TepOa IpH OJHOM
OpocaHuM JIBYX MOHET.

Pewenue. BeposTHOCTh TmosiBJIeHHs repba mepBoil MoHETHl (coObiTHe A)
P(A)=1/2.

BepositHOCTD TOsiBIIeHHS repOa BTOpOit MOHETHI (coObiTHE B)

CoOpitést A U B He3aBHCHUMBIE, TIO3TOMY HCKOMas BEPOSATHOCTh IO TeopeMe
YMHOXXEHHSI paBHA

P(AP(B)=(1/2)-(1/2)=1/4.

3aoaua 3. Umeetcs 3 smmka, comepxanux mo 10 geraneil. B nepBom siuke 8,
BO BTOPOM 7 W B TpeTbeM 9 cCTaHHApTHBIX Aetaned. M3 Kaxmoro smuka Haygady
BBIHUMAIOT 110 OJHOH Aetanu. HalTu BEpOSITHOCTH TOTO, YTO BCE TPU BEIHYTHIE HCTAIH
OKQ)XYTCSl CTAHAAPTHBIMH.

Pewenue.

BeposTHOCTP TOrO, YTO W3 TMEPBOTO SIIMKAa BEIHYTa CTaHAAPTHAs JETalb
(coberTre A), P(A)=8/10=0,8.

BeposTHOCTP TOrO, YTO W3 BTOPOrO SIIMKA BBIHYTA CTaHOAPTHAs OETallb
(coberTHe B), P(B)=7/10=0,7.

BeposTHOCTH TOr0, YTO W3 TPEThETO SIIMKA BBIHYTA CTaHAApPTHAS JETalb
(coberrre C), P(C)=9/10=09.

Tak kak coObitst A, B u C He3aBUCHMBIE B COBOKYITHOCTH, TO HCKOMas
BEPOSATHOCTH (TI0 TeopeMe YMHOKEHHs) paBHa P(ABC)=P(A)P(B)P(C)=0,8-0,7-0,9 =0,504.
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IIpusedem npumep coBMECMHO20 NPUMEHEHUS MEOPEM CTIONCEHUSA U YMHOICEHUA.
3a0aua 4. BeposSTHOCTH TIOSBJICHUS Ka)KIOTO M3 TPEX HE3aBUCHMBIX COOBITHI
A,Ay,A; COOTBETCTBEHHO DPAaBHBI pj,P,,p;. HalWTH BepoATHOCTb MHOSBICHUS TOJIBKO

OIHOI'0 U3 3TUX COOBITHMA.
Pewenue. 3amernM, 9TO, HapUMEp, TMOSBIICHHE TOJBKO IEPBOrO COOBITHS A

PABHOCHIIEHO TIOSABIIEHUIO COOBITHS A A, A; (TOSBHIIOCH IIEPBOE U HE MOSBHIITHCH BTOPOE U
TpeThe COObITHSA). BBeneM 0003HaYCHUS:

B, — MOSIBUJIOCH TONBEKO COOBITHE A, T. €. By = A Ay As ;

B, — IOABHIIOCH TOJLKO COOBITHE A, , T. €. By = A /Ay Ay ;

By — MOABMIIOCH TOJIBKO COOBITHE Ay, T. €. By = A AyA; .

Takum 00pa3om, 4TOOBI HAWTH BEPOATHOCTH TOSIBICHUS TOJBKO OJHOIO W3
coObITHH A, Ay, Ay, OyleM HCKaThb BEPOSATHOCTh P(B;+B,+B;) MOSABICHHS OIHOIO,

0e3pa3IM4HO KaKoro u3 coObITuil B,B,,Bs..

Tax kak cobsrtust B, B,, By HecoBmecTHI, TO npuMeHIMa TeopeMa CIIOKECHMS

P(B; + B, +B3) = P(B)) + P(By) + P(By). (4.6)

Ocraercst HalTH BEPOSTHOCTH KaXJOro M3 COOBITHH By, B,,B; .

CoOpITHs A,A,A; HE3aBUCHUMBI, CJICAOBATCIBHO, HE3aBUCHUMBI COOBITHS
AI,A_Z, & R IIOOTOMY K HUM [IPUMEHHUMA Teopema YMHOXECHUSA
P(B)) = P(A Ay A3) = P(A)P(Ay)P(A3) = P10,

AHanormuno,  P(By) = P(A /Ay A3) = P(A)P(Ay)P(As) = Pas;

P(B3) = P(A Ay A3) = P(AP(A)P(A3) = ;02 P3.

[lonctaBuB »TH BepoaTHocTH B (1), HailileM HCKOMYIO BEPOSTHOCTH IOSBIICHHUS
TOJBKO OTHOTO U3 COOBITUI Ay, Ay, Ay : P(B; + B, +B3) = iU + 0 P203 + 0192 P3-
Bonpoc 4.4 BeposiTHOCTD MOSIBJIEHUSI XOTs1 ObI OTHOT'O COOBITHSI

[TycTp B pe3ynpTaTe MCHBITAHUS MOTYT MOSBUTHCS 7 COOBITHH, HE3aBUCHMBIX B
COBOKYITHOCTH, JINOO HEKOTOPHIE M3 HUX (B YaCTHOCTH, TOJBKO OJHO WJIM HU OIHOTO),
IpUYeM BEPOSTHOCTH TMOABICHHUS KaXXJOTO W3 COOBITHH W3BecTHRL. Kak HalTh
BEPOSITHOCTHh TOTO, YTO HACTYIHT XOTs OBl OJHO W3 ATHX coOBITHI? Hampmmep, ecmu B
pe3yNbTaTe UCHBITAHUS MOT'YT TOSIBUTHCS TPU COOBITHSL, TO IOSIBIICHNE XOTS OBl OZHOTO U3
STHX COOBITHH O3HA4YaeT HACTYIUICHHE JHOO OJHOTO, MO0 IBYX, MO0 TpeX COOBITHIA.
OtBeT Ha MOCTABIICHHBII BOTIPOC JTaeT CIEAYIOIAs TeopeMa.

Teopema. BeposTHOCTh MOABICHUSI XOTSI OB OMHOTO M3 COOBITHH A,LA,....A,,

HE3aBHCHMBIX B COBOKYITHOCTH, PaBHAa Pa3HOCTH MEXAY CIOWHUIECH W TPOU3BEICHHEM
BEPOSITHOCTEH MPOTUBOIIOIOKHBIX COOBITHIA Ay, Ay,..., A, :

P(A) =1-q0..9n- 4.7

,ﬂoxas’ameﬂbcmeo. O0603HaYUM qcepes3 A CO6LITI/IC, COCTOANICEC B IIOABJIICHUH XOTA
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6BI OHOTO U3 COOBITHI A, A,...,A,. CoObtus A 1 A, A,....,A, (HHM OITHO M3 COOBITHIA He
HACTYIIIIO) IPOTHBOIIOIOKHEL, CIIE0BATEILHO, CyMMa MX BEPOATHOCTEH paBHA €IUHMIIE:
P(A)+P(A Ay.. A =1.
Orcrona, HoNb3yach TEOPEMON YMHOKEHHS, TIONTyIUM
P(A)=1-P(A Ay...A) = 1= P(A)P(Ay).. P(Ay), W P(A) =1-0\.. 0.
Yacmuwiii  cayuai. Ecim  cobeitus AL A,,...,A, HMEIOT OIHHAKOBYIO
BEPOATHOCTB, PABHYIO p, TO BEPOATHOCTD TIOSBJIEHHUS XOT ObI OJHOTO U3 STUX COOBITHIA
P(A)=1-q". (4.8)

3a0aua 1. BeposTHOCTM ToOmafaHus B 1IeNb IPU CTPENbOE W3 TpeX OpyAuid
TakoBbl: HaliTh BepOsITHOCTH XOTs1 OBl OJJHOTO Tonaaanus (CoObITHE A) P OIHOM 3ajlre
U3 BCEX OpYyIuil.

Pewenue. BeposiTHOCTh TIONalaHusl B LIENIb KAXKIbIM U3 OPYAWN HE 3aBUCUT OT
pe3yNbTaTOB CTPENbObI M3 JIPYTHX OPYAWi, MOATOMY paccMaTpUBaeMble COOBITHS A
(monmaganue mepBoro opyaus), A, (IomajaHue BTOPOro Opyaus) U Ay (HomajaHue
TPETHEro Opy/Iusl) HE3aBUCHMBI B COBOKYITHOCTH.

BeposTtHocTH  COOBITMH, TPOTHBONONOXKHBIX  COOBITHSAM AL AL Ay (T.e.
BEPOATHOCTHU NPOMaxoB), COOTBETCTBEHHO paBHEIL: g =1-p;=1-0,8=0,2;
G =1-py=1-0,7=03; gy =1-p3 =1-09=0,1.

Hckomas BeposaTHOCTE P(A)=1-0;0,03 =1-0,2-0,3-0,1=0,994.

3aoaua 2. B tunorpadum mmMeercss 4 IUIOCKONEYATHBIX MalIWMHbL J{Js Kaxoi
MAaIIHBl BEPOATHOCTh TOTO, YTO OHa paboTaeT B JaHHBI MOMeHT, paBHa 0,9. Haiitu
BEPOSTHOCTD TOTO, YTO B IAHHBI MOMEHT paboTaeT X0oTsI Obl O/iHa MaIuHa (coObITHE A).

Pewenue. CoObITHSI «MalIMHa paboTaeT» U «MallliHa He paboTaeT» (B JaHHBINA
MOMEHT) — MPOTHBOINOJIOXKHBIE, MOATOMY CyMMa HMX BEPOSITHOCTEH paBHa EAMHMIIE:

p+q=1.

Ortcrofa BepOSATHOCTh TOTO, YTO MAlllMHA B JaHHBIH MOMEHT He paboTaer, paBHa
g=1-p=1-09=0,1.

Hckomas BepoaTHOCTE P(A)=1-g* =1-0,1* =0,9999..

3aoaua 3. BeposATHOCTb TOro, YTO IPH OFHOM BBHICTPENE CTPENIOK IIONA/IAET B
nenb, paBHa 0,4. CKOIBKO BBICTPENIOB IODKEH MPOM3BECTH CTPEIOK, YTOOBI C
BEPOSTHOCTHIO He MeHee (0,9 OH mmormal B 1eNlb XOTs OBl ouH pas?

Pewenue. O603HaunM uepe3 A COOBITHE «IIPH /1 BBICTPENIaX CTPEIIOK IOMAIAET B
1IeTTb XOTsI OB eiH pa3». CoOBITHS, COCTOSIINE B MTONAITaHUN B IIENb P IIEPBOM, BTOPOM
BBICTpENIaX U T. 1., HE3aBUCHMBI B COBOKYITHOCTH, MOATOMY NpUMeHHMa ¢opmyna (4.8)
P(A)=1-q".

[IpuHAB BO BHHMMAaHHE, YTO, IO YCIOBHIO, P(A)>0,9,p=04 (cIemoBaTenbHO,
q=1-0,4=0,6), moinyaum 1-0,6" >0,9; orcroma 0,6" <0,1.

[Iponorapupmupyem 3T0 HEpaBEHCTBO MO ocHOBaHHUIO 10: nlg0,6 <lgO,1.

Orcrona, YIUTBIBAS, 4TO 1g0,6 <0, nMeeM
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n>1g0,1/<1g0,6 =—-1/1,7782=—-1/(-0,2218) =4,5.

Hrak, n>5, T.e. CTPENOK IOJKEH MPOU3BECTH HE MEHEE 5 BBICTPETIOB.

3aoaua 4. BeposATHOCTh TOTO, YTO COOBITHE TOSBUTCS XOTS OBl OJMH Pa3 B TPEX
HE3aBUCHMBIX B COBOKYIHOCTU HCIBITaHusAX, paBHa 0,936. Hailtu BeposTHOCTH
TTOSIBJICHUS COOBITHS B OJTHOM HCIIBITAHWH (IIPEIIIONAraeTcsi, 9YTO BO BCEX HCITBITAHHSIX
BEPOSITHOCTD ITOSIBIICHUSI COOBITHS OJTHA U Ta XKE).

Pewenue. Tak kak paccMaTpuBaeMbIe COOBITHSI HE3aBHCUMBI B COBOKYITHOCTH, TO

npumeHuma Gopmyia (4.8) P(A)=1-q".

ITo  ycnosuio, P(A)=0,936,n=3. CrnenoBaTeiabHO, 0936=1-q°, R0
q> =1-0936=0,064. Otcrona q=3/0,064 =0,4.

Hckomas BepoSITHOCTh p=1-q=1-0,4=0,6.

IIpakTnueckue 3axanus no teme (mo 3 u 4 remam)

3.4.1. BeposTHOCTb TOrO, YTO CTPENIOK TMPH OJHOM BBICTpENE TOMNAJaeT B
MuileHb, paBHa p=0,9. Ctpenok npoussen 3 BeicTpena. HaifTu BeposTHOCTE TOTO, 4TO BCE
3 BBICTpeNa AU MoNa aHue.

3.4.2. bporieHsl MOHeTa M WrpajbHasi KOCTh. HaliTh BEpOATHOCTH COBMEIICHUS
COOBITHI: «IOSBUIICS «Tep0», KIMOSBUIOCH 6 OYKOBY.

343. B nByx smumkax Haxomdarcs jaeranu: B rmepBoM—10 (u3 HEX 3
CTaHJAPTHBIX), BO BTOpoM—I15 (M3 HUX 6 cTaHZapTHHIX). M3 Kaxaoro simuka Haynady
BBIHUMAIOT O OAHOW jeranu. HaiiTH BeposSTHOCTH TOro, 4To 00€ JeTalnd OKaXyTCs
CTaHAAPTHBIMHU.

3.4.4. B cTynun TeneBUACHUS 3 TENIEBU3MOHHBIX Kamephl [l KaxIod KaMmepsl
BEPOSTHOCTh TOTO, YTO OHA BKIIOYEHA B JaHHBII MOMEHT, paBHa p=0,6. Haiitu
BEPOSATHOCTB TOTO, YTO B JAHHBIH MOMEHT BKJIFOUEHA XOTs OBl O/1Ha Kamepa (coObITue A).

3.4.5. Uemy paBHa BEpOSTHOCTb TOrO, YTO HPH OPOCAHUHM TpPEX HIPAIBHBIX
KOCTel 6 0OYKOB MMOSIBUTCS XOTSI OBl Ha OJHOM U3 KocTeil (coobITHE A)?

3.4.6. Ilpeanpusatue uzrotoBnser 95% wuspenuil cTaHAapTHBIX, IPUYEM U3 HUX
86% — mepBoro copra. HaliTu BepoOSATHOCTH TOro, YTO B35ATOE Haydady H3JEIHUE,
M3TOTOBJICHHOE Ha 3TOM IIPEATIPUSTHH, OKAXKETCSI IEPBOr0 COpTa.

3.4.7. Monera OpocaeTcs IO TeX TOp, MOKa 2 pa3a MOAPAN OHA HE BBIMANET
OmMHOW W TOH e CTOpoHOH. HaifTm BepOATHOCTH CHEAYIOMHX COOBITHIl: a) OIBIT
OKOHYHTCS JI0 IIecToro Opocanus; 0) morpedyeTcss 4eTHOE YHUCIIO OpOCaHUH.

3.4.8. Uz mudp 1, 2, 3, 4, 5 cHavyana BeIOMpaeTca OfHA, a 3aT€M M3 OCTaBIIUXCA
geTelpex — Bropas mudpa. I[Ipemnomaraercs, uto Bce 20 BO3MOXHBIX HCXOIOB
paBHOBepOATHEL. HaliTm BeposSTHOCTH TOTrO, 4TO OymeT BeIOpaHa HedeTHas mudpa: a) B
TIEpPBEI pa3; 06) Bo BTOPOIi pa3; B) B 00a pasa.

3.4.9. BepoATHOCTB TOTO, YTO IPU OJJHOM BEICTpEJIC CTPENIOK MOMaeT B AECATKY,
paBHa 0,6. CKOIBKO BBICTPEIOB IOIDKEH CHeNaTh CTPETOK, YTOOBI C BEPOATHOCTHIO HE
MeHee 0,8 OH momain B IECSITKY XOTs ObI OKH paz?

3.4.10. Tpu >neKTpUYECKHE JAMIIOYKH IIOCIICAOBATEIFHO BKIIIOUCHBI B IIETb.
BepositHOCTE TOrO, uTO OffHa (JI00ast) JaMIOYKa IEPEropuT, €CIM HANPSHKEHHE B CETH
MIPEBBICUT HOMMHaNbHOE, paBHa 0,6. Haiitm BeposiTHOCTH TOro, YTO NMPH MOBBIIIEHHOM
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HATIPSDKCHUH TOKA B TICTTH HE OyIeT.

3.4.11. BepoaTHOCTb TOTO, YTO COOBITHE A TTOSBUTCS XOTS ObI OJIMH pa3 IpU ABYX
HE3aBUCHMBIX WCIBITaHUSIX, paBHa (,75. HaifTh BeposATHOCTH TOSBICHHS COOBITHS B
OTHOM HCIHBITAHUH (TIPEJIIONAracTCsi, YTO BEPOSTHOCTH MOSBICHHUS COOBITHUS B O00OHMX
WCTIBITAHUSAX OJTHA U Ta JKE).

3.4.12. Tpu womauael Ai, Az, As CHOPTHBHOrO oOIIecTBa A COCTA3AIOTCA
COOTBETCTBEHHO C TpeMs KoMaHIaMu oOriecTBa B. BeposATHOCTH TOro, 4TO KOMAaHIbI
o0rrecTBa A BBIMIPAIOT MaTydl y KOMaHJ OOIIecTBa B, TakoBHI: NpU BcTpeue A1 ¢ By —
0,8; A2 ¢ B, — 0,4; A3 ¢ Bz — 0,4. lnig mobenpl HEOOXOMUMO BBIUTPATh HE MEHEE JBYX
MaT4edl U3 TpexX (HMYbM BO BHUMAaHWE HE NMpHHUMAIOTCs). [loOema kKakoro m3 oOIIECTB
BeposiTHee?

3.4.13. BeposTHOCTh TIOPaXKCHHUS 1EITU TMEPBBIM CTPEIKOM TPH OHOM BBICTpEIIC
paBHa 0,8, a BropeiM crpeinkom— 0,6. Haiitm BeposTHOCTH TOro, uTo LENb Oyaer
MOpakeHa TOJLKO OJTHUM CTPEITKOM.

3.4.14. "3 nocnenoBaTenbHOCTH uucen 1, 2, .., n Haygady OAHO 3a APYrUM
BBI6I/IpaIOTC$I JBa 4ucia. Haiitu BEPOATHOCTHb TOI'0O, YTO OJHO W3 HUX MCEHBUIC IICJIOTO
HOJIOKUTENBHOTO Yncia K, a apyroe 6ombine Kk, toe 1 <K < n.

3.4.15. Otaen TeXHHYECKOro0 KOHTPOJIA MPOBEpsieT M3AEIHS Ha CTaHIapTHOCTD.
BeposTHOCTh TOTO, UTO U3Jee HecTaHAapTHO, paBHa (,1. HaliTi BeposTHOCTH TOTO, UTO:
a) W3 TpeX NPOBEPEHHBIX MW3JCIUNA TOJIBKO OJHO OKAXKETCS HEeCTaHIapTHBIM; O)
HECTaHJAPTHBIM OKa)KETCS TOJIBKO YETBEPTOE TI0 MOPAIKY IPOBEPEHHOE U3ZCTIHE.

3.4.16. [IBa cTpeika MpoM3BENH IO OIHOMY BEICTpeny. BeposaTHOCTs momagaHus
B MUILIEHb NIepBBIM cTpenkoM paBHa 0,7, a BropsiM—. 0,6. Haiitu BepogTHOCTH TOTO, 4TO
XOTs ObI OJIH U3 CTPEJIKOB IOMAJ B MUIICHb.

3.4.17. V cbopmuka umeercss 16 nerameil, n3roroBieHHbIX 3aBogoM Ne 1, u 4
neranu 3aBoga Ne 2. Haynauy B3saThl 2 jeranu. Haiitu BeposSTHOCTH TOrO, 4TO XOTs ObI
OJIHA M3 HUX OKAXKETCSI M3rOTOBJIEHHOI 3aBogoM Ne 1.

3.4.18. B rpynmne cnoprcmeHoB 20 JIBDKHUKOB, 6 BEIOCHIIEIUCTOB U 4 OeryHa.
BeposiTHOCTD BBIMIOJIIHUTH KBATU(HUKAIIMOHHYI0O HOPMY TakoBa: Juisi JbbkHEKa — 0,9, s
Benocunenucra — 0,8 u g Geryna — 0,75. HaiiTé BEpOsSTHOCTD TOr'O, YTO CIIOPTCMEH,
BBIOpaHHBIN Hay/a4yy, BBITIOIHUT HOPMY.

3.4.19. COopmuk momy4mn 3 KOpoOKH JeTaneld, M3TOTOBICHHBIX 3aBogoM Ne 1, u
2 KOpOoOKHM [eTalieif, M3TOTOBIEHHBIX 3aBofoM N° 2. BeposTHOCTB TOro, 4To AETaib
3aBoga Ne 1 crammaprtHa, paBHa 0,8, a 3aBoma Ne 2 — 0,9. COopumk Haymady H3BIEK
JIeTadb W3 Hay#ady B3ATOH KopoOkwm. HaliTh BepoATHOCTH TOr0, 4YTO M3BJICUCHA
CTaHOApTHAS IETaJb.

3.4.20. B nmepBoMm stmuke copepkutes 20 nmeraneii, u3 HUX 15 cTaHAapTHBIX; BO
BTopoM — 30 merameil, w3 HUX 24 cTaHmapTHBHIX; B TpeTbeM—10 meranmeit, m3 HUX 6
CTaHIApTHBIX. HalTH BEpOSTHOCTH TOTO, YTO Haylady W3BIICUCHHAs ACTANb M3 HAymady
B3SITOTO AIIHKa—CTaHIapTHAS.

3.4.21. B TeneBU3MOHHOM aTenbe UMeeTcsl 4 KHHecKomna. BeposTHOCTH TOro, 4TO
KHHECKOIT BBIJICPIKUT TAPAHTHIHBIA CPOK CITY>KOBI, cOOTBeTCTBeHHO paBHbI 0,8; 0,85; 0,9;
0,95. Haiitn BepOsITHOCTH TOTO, YTO B3SITHIH Haylady KWHECKOIl BBIACPKHUT rapaHTHHHBIN
CPOK CITY’KOBI.

3.4.22. B 1ByX AIMKax UMEIOTCS paanuoiaMIibl. B mepBom smuke comepskutcst 12
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Jamn, U3 HUX 1 HecraHpapTHasg; Bo BTopoM 10 mamm, w3 Hux | HecranmaptHas. U3
IIepBOro SIIUKa Hayjady B3sATa JaMIla M IepelokeHa BO BTOpoi. Haiitm BeposTHOCTH
TOT0, YTO HayAady U3BJICUCHHAs U3 BTOPOTO SIIMKA JlamIia Oy/ieT HecTaHIapTHOM.

3.4.23. VI3 nomHOro Habopa 28 KocTell TOMUHO HayAady U3BiIe4YeHa KocTh. Haiiti
BEPOATHOCTH TOTO, YTO BTOPYIO M3BIICUEHHYIO Haynady KOCTh MOXHO IPHUCTABHTHh K
MIEePBOIL.

3.4.24. CryneHT 3HaeT He Bce JK3aMEHAIMOHHBbIE OwieTsl. B kakom ciyuae
BEPOATHOCTH BBITALIUTh HEW3BECTHHIN OwieT Oynmer Iuis Hero HaWMEHBIIEH: Korjga OH
Oeper OWJIeT MePBBIM HITH ITOCTCTHIM?

3.4.24. B smuk, comepkamidii 3 OAWHAKOBBIX JIETalW, OpoOIIeHa CTaHIapTHas
JleTallb, a 3aTeM Hayjady W3BjedeHa ojaHa Jeranb. HalTh BeposATHOCTH TOro, 4TO
W3BJICYCHA CTAaHIAPTHAs JIeTajlb, €CJIH PABHOBEPOSTHBI BCE BO3MOXKHBIE MPEATIONOKEHUSI O
YHCIIe CTAaHJapPTHBIX JIeTallel, NepBOHAYaIbHO HAXOSIINXCS B SIIUKE.

3.425. llpm OTKIOHEHHHM OT HOPMAJbHOIO peKHUMa paboThl aBTOMara
cpabatbiBaer curranuzaTop C-1 ¢ BepostHocThiO 0,8, a curnanmsarop C-11 cpabaTeiBaer
C BEpOATHOCTHIO 1. BeposTHOCTH TOro, 4To aBTOMAT CHaOXeH curHanuzatopom C-1 wim
C-11, coorBerctBenHO paBHbl 0,6 u 0,4. I[lonyyeH curHan o pasjenke aBromara. Uro
BeposiTHee: aBToMaT cHabOkeH curHanuzaropom C-1 mnmm C-117

3.4.26. Jlng ydactusi B CTyJIeHYECKUX OTOOPOYHBIX CIIOPTHBHBIX COPEBHOBAHHSX
BBIJIEICHO W3 TepBOM Tpymmbl Kypca 4, w3 BTOpod — 6, W3 TpeTbeil rpymmel — 5
CTYZIEHTOB. BeposTHOCTH TOro, YTO CTYIEHT IIEPBOM, BTOPOM U TPEThEH IPYIIIbI [10MA1AET
B cOOpHYyI0O WHCTHTYTa, cooTBercTBeHHO paBHbl 0,9; 0,7 u 0,8. Haynmauy BeIOpaHHBII
CTYZIEHT B MTOTe COpPEBHOBaHMs Momai B cOopHyro. K kakoil u3 rpynn BeposiTHee BCEro
MIPUHAAJISKAT 3TOT CTYAEHT?

3.4.27. BepoATHOCTh U W3JETUI HEKOTOPOTO IMPOHM3BOACTBA YIOBIETBOPATH
crargapty pasHa 0,96. IIpennaraercs ynporneHHasi cucTeMa POBEPKH Ha CTaHIAPTHOCTb,
Jaromasi  HONOXKUTENBHBIA  pe3ynpTarT ¢ BeposTHocThio 0,98  nmna  wsnenuii,
YIOBJIETBOPSIIOLINX CTaHIAPTY, a Ul W3JENUi, KOTOpbIC HE yIOBJIETBOPSIOT CTaHIApTY,
— ¢ BeposTHOCTBIO 0,05. HaiiTu BepoATHOCTH TOTO, YTO W3JENUE, NPU3HAHHOE IPH
MIPOBEPKE CTaHAAPTHBIM, JEHCTBUTENBHO Y OBIETBOPSET CTAaHIAPTY.

Tema 5. CnencTBus TEOpeM CJIOKEHHUSI M YMHOKEHHUS] BePOSITHOCTe#
Bonpoc 5.1 ®@opmyJia noJiHolH BepOSITHOCTH

ITyctp coObiTHE A MOXET HACTYNUTh MPU YCIOBUHM IOSIBICHUS OIHOTO W3
HECOBMECTHBIX COOBITHH B, B,,...,By,, KOTOpble 00pa3yioT mnomHywoo rpymmy. Ilycts
N3BECTHBI BEPOSATHOCTH 3THX COOBITHIH " YCIIOBHBIE BEPOATHOCTH
Pg, (A).,Pg, (A).....Pg (A) cobbithst 4. Kak Halitn BeposTHOCTb coObITHS A? OTBET Ha 3TOT
BOIIPOC JA€T CIEAYIOMasi Teopema.

Teopema. BepositTHOCTE COOBITHSI A, KOTOpPOE MOXKET HACTYNHTH JHIIb IPH
YCIOBUM TIOSBJICHWSI OJHOTO W3 HECOBMECTHBIX COOBITMH By, Bs,...,B,, 00pa3yrommx

NOJHYIO Ipyniry, paBHa CyMME HpOI/I3Be,ZIeHI/Il>’I BepOfITHOCTefI KaXIa0ro u3 5THux COOBITHIH
Ha COOTBCTCTBYIOIILYIO YCIOBHYIO BCPOATHOCTb COOBITHS A:

26



P(A) = P(BI)PB1 (A)+ P(BZ)PB2 (A)+...+ P(Bn)F‘B|1 (A).

Oty hopmyiy Ha3BIBaIOT «POPMYIIOH TTOHONW BEPOSTHOCTI .

Jlokazamenvcmeo. Tlo ycrnoBuro, coObITHE A MOXET HACTYITUTh, €CITH HACTYITHT
OJIHO U3 HECOBMECTHBIX COObITUH B, B,,...,B, . IpyruMu ci1oBamMy, MOSABJICHUE COOBITHUS
A O3HaYaeT OCYIIECTBIICHHUE OIHOTO, 0E3pa3IMYHO KaKOro, W3 HECOBMECTHBIX COOBITHIT
B/A,B,A,...,B,A. Tlone3ysace s BEMUCICHUS BEPOSITHOCTU COOBITHS A TeopeMoit

CJIOXKCHUS, TOTYUINM
P(A)=P(BA) +P(B,A) +...+ P(B,A). (5.1)

OcraeTcsi BBIYHMCIHTH KaXkIoe M3 claraeMbiX. [lo TeopeMe YMHOXEHUS
BEPOSTHOCTEH 3aBUCHUMBIX COOBITUH MMeeM P(BA) = P(BI)PBl (A); P(BA)= P(BZ)PB2 (A);...;
P(BhA) =P(Bn)Pg (A).

IToncTaBuB TpaBble YacTH STHX PAaBEHCTB B cooTHomeHue (5.1), momydnm
(hopMyny MOIHON BEPOSITHOCTH

3a0aua 1. imeetcs apa Habopa aerajieid. BeposTHOCTh TOro, YTO IETalb IEPBOro
HaOopa cranmapTHa, paBHa 0,8, a BToporo — 0,9. HaliTH BepOsSTHOCTh TOTO, YTO B3sTas
Hayzady Aeraib (M3 HayJqady B3sTOro Habopa) — CTaHAapTHas.

Pewenue. O603HaunM uepe3 A COObITHE «U3BJICUCHHAS JeTalb CTAHAAPTHAY.

Jeranbs MoxxeT ObITh M3BJICUeHA JINOO U3 MEepBOro Habopa (coObiTHE B;), MO0 U3

BTOpOro (coObiTHE B, ).
BepostHOCTB TOrO, 4TO A€Tallh BHIHYTA U3 NIEpBOro Habopa, P(B))=1/2.
BeposTHOCTB TOrO0, 4TO A€Talb BHIHYTA U3 BTOPOro Habopa, P(B,)=1/2.

YcnoBHasi BEpOSTHOCTH TOTO, YTO W3 IMepBOro Habopa Oyner u3BieUYeHa
CTaHIapTHas IeTab, PBl (A)=0._8.

VYciaoBHas BEpOATHOCTH TOrO, YTO M3 BTOpPOro HaOopa OymeT wH3BJIedeHa
CTaHIapTHas IeTab, PB2 (A)=0,9.

Vckomast BEpOSITHOCTB TOTO, YTO M3BJICUCHHAs Haylaydy JleTallb — CTaHAapTHas,
o ¢dopmyne TIOJTHOH BEPOSITHOCTH paBHa
P(A) = P(BI)PBI (A + P(BZ)PB2 (A)=0,5-0,8+0,5-0,9=0,85.

3aoaua 2. B mnepBoii kopoOke comepxwurcs 20 paguonami, U3 HHX 18
CTaHOAPTHBIX; BO BTOpOH KopoOke—10 mamm, w3 HuX 9 craHmapTHeIX. M3 BTOpOH
KOpOOKM HayzAady B3s5Ta JIaMIla U NeperioKeHa B MepByro. HalTi BepOsSTHOCTH TOTO, YTO
JlaMIIa, Hay/laqy U3BJICYEHHAS M3 EePBOH KOPOOKH, OyIeT cTaHIapTHOM.

Pewenue. O6ozHaumM uepe3 A CcOOBITHE «W3 TIEPBOH KOPOOKH W3BJIICUCHA
CTaHAApTHAS JTaMIIay.

U3 BTOpOIT KOpOOKK MOTTa OBITH U3BJICUCHA JINOO CTAHAAPTHAS JaMIia (COOBITHE
By), mu60 HecTaHmapTHas (coOBITHE B, ).

BepO?[THOCTB TOro, 4TO U3 BTOpOI>’I KOpO6KI/I H3BJICUYCHA CTaHAApPTHAas JiamMmIia,
P(B;)=9/10.
BepO?[THOCTB TOro, 410 M3 BTOpOI>’I KOpO6KI/I H3BJICUYCHA HECTAaHJAApPTHAas JiaMIia,
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P(B,)=1/10.

YcnoBHast BEpOSTHOCTh TOTO, YTO U3 IMEPBOM KOPOOKM M3BJIEYEHA CTaHAApTHAs
JlamI1a, IpA YCIIOBUH, YTO M3 BTOPOH KOPOOKH B TIEPBYIO ObLIa MepesiokeHa CTaHAapTHAas
Jlamma, paBHa Pg (A)=19/21.

YcnoBHast BEpOSTHOCTh TOTO, YTO U3 IMEPBOM KOPOOKH M3BJIEYEHA CTaHAApTHAs
Jamra, TpH YCJIOBHHM, YTO W3 BTOPOH KOpOOKM B TIepBYI0 ObLIa IIEpEIoKeHa
HeCTaHJapTHas JlaMIa, paBHa Pg (A)=1 8/21.

Hckomast BeposSTHOCTH TOrO, 4YTO M3 IMEpBOM KOPOOKM Oyner u3BiIeUEHa
CTaHJapTHas Jammna, 1o ¢hopmyne MOJTHOM BEPOSITHOCTU paBHa
P(A) = P(B,)Pg, (A)+P(B,)Pg, (A)=(9/10)-(19/21)+(1/10)- (18/21) = 0.9.

Bonpoc 5.2 BepositHocTh runore3. ®opmyJnl baiieca

[Tycth coObiTHE A MOXET HACTYNUTHh NPU YCJIOBUH IOSIBICHUS OJIHOTO W3
HECOBMECTHBIX COObITHH B, B,,...,B,, oOpa3ytoummx mnonHyto rpymnmy. Ilockonbky
3apaHee HE M3BECTHO, KaKO€ M3 JTHX COOBITHMI HACTYIHT, MX HAa3bIBAIOT 2UNOMe3amu.
BeposiTHOCTh MOsIBIIEHUs! COOBITHA A onpezensercs 1o GopMylie MOJHOH BEpOITHOCTH:

P(A) = P(BI)PB1 (A)+ P(BZ)PB2 (A)+...+ P(Bn)PBn (A). (5.2)

JomycTuM, 4TO TMPOW3BEACHO HCHIBITAHHWE, B PE3yAbTaTe KOTOPOTO IOSBUIOCH
cobbiTue A. IlocraBum cBoeii 3aia4eii onpeaenuTb, KaKk U3MEHMWINCH (B CBSI3U C TEM, YTO
coObITHe A yXKe HACTYIUIIO) BEPOSTHOCTU TUMOTe3. Jpyrumu cioBamu, OyIeM HCKaTh
YCIIOBHBIE BEPOSITHOCTU

Pa(By), Pa(B3), ..., PA(Bp).

Haiinem cHauasa yCIIOBHYIO BEPOSTHOCTE Pa(B;). Ilo Teopeme yMHOXKEHHSA
HMEEM
P(B))Pg, (A)

P(AB,) = P(A)PA(B)) = P(B))Pg (A). Orcioma Pa(B)= PA)

3aMeHUB 37€Ch

P(4) o hopmyie (5.2), momyqanm
P(B))Pg, (A)

Pa(B)) = .
P(Bl)PBl (A)+ P(Bz)PBZ (A)+..+ P(Bn)PBn (A)

AHANOTUYHO BBIBOAATCS (HOPMYIBI, OMPENEISIONINE YCIOBHBIE BEPOSTHOCTU
OCTaJbHBIX THIIOTE3, T. €. YCIOBHAS BEPOSTHOCTE JIFOOOHN THUIIOTE3H B; (i=1,2,...,n) MOXeT

P(B;j)Pg, (A)

P(B})Pg, (A)+ P(B,)Pg, (A) +...+ P(By)Pg, (A)’

OBITH BBIYHUCIIEHA TT0 popMmyne Pa(Bj) =

[omy4uennsie GopMyNBl HA3BIBAIOT ghopmynamu betieca (TIo MMEHN aHTIIMHCKOTO
MaTeMaTHKa, KOTOPHIA WX BEIBeN; OmyOiamKoBaHbel B 1764 r1.). @opmynel beiieca
MO3BOJISIIOT TIEPEOLICHUTh BEPOSTHOCTH TUIIOTE3 TI0CNIE TOr0, KaK CTAHOBHUTCS M3BECTHBIM
pe3yabTaT UCHBITAHHUS, B UTOTe KOTOPOTO TOSIBUIIOCH COOBITHE A.

3aoaua 1. Jleranu, U3roToBIIsSIEeMbIE [IEXOM 3aBOAA, TOMAAAIOT ISl IIPOBEPKHU HX
Ha CTaHJAPTHOCTb K OJHOMY M3 JIByX KOHTPOJEpPOB. BeposTHOCTH TOro, 4To AeTaib
rornajaeT K nepBoMy KoHTponepy, pasHa 0,6, a ko Bropomy — 0,4. BepositHOCTH TOTO,
YTO TOAHAs JAeTaib OyJeT NMpu3HaHa CTaHAAPTHOH MepBBIM KOHTposiepoM, paBHa 0,94, a
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BropeiM — 0,98. T'omHast nmerans mpu mpoBepke Oblia NMpH3HAHA cTaHAapTHOM. Haiftm
BEPOSTHOCTH TOTO, YTO ATY J€Tallb MPOBEPHUII IIEPBBIH KOHTPOJIEP.

Pewenue. O603HauUM uepe3 4 COOBITHE, COCTOSIIECE B TOM, YTO TOTHAS JCTalh
MIpU3HAHA CTAaHJAPTHON. MOXKHO clenaTh ABa MPENNON0KEHUS: JeTalb IPOBEPHI IEPBBIN
KOHTponep (runoresa B, ); AeTaib NpOBEpUII BTOPOH KOHTpoIep (Tunoresa B, ).

I/ICKOMyIO BEPOATHOCTb TOI'O, YTO ACTAJIb IPOBEPUIT HepBLIﬁ KOHTpPOJIEP, Haﬁ)leM
P(B))Pg, (A)

o ¢popmyie beiteca: Pa(B;) = i
dopmy A BBy P, (M) + P(By)Pa, (A)

Ilo ycmoBuro 3amaum umeeM: P(B;)=0,6 (BEpOATHOCTH TOTO, YTO JIETAJb

TonajaeT K MepBOMY KOHTPOJIEpY);
P(B,)=0,4 (BEpOSATHOCTH TOT'O, YTO JIETANIb MOMAET KO BTOPOMY KOHTPOJIEPY);

Pg, (A) =094 (BepoOsITHOCTH TOTO, YTO TONHAs JAeTalb OyAeT NMpU3HaHA TEPBHIM

KOHTPOJIEPOM CTaHJIAPTHOMH);
Pg, (A)=0,98 (BEpOsITHOCTH TOTO, YTO TOJHAs JIeTalb OyJIeT NpH3HAaHA BTOPHIM

KOHTPOJIEPOM CTaHIAPTHOM).
0,6-0,94

Hckomast BEpOSITHOCTh Pp(B))=——————
P A = 6094704098

~0,59.

Kax BHIHO, 10 MCHBITaHUS BEPOSTHOCTb THIlOTe3bl B, paBHamack 0,6, a mocne

TOro, KaK CTajl U3BECTEH PE3yNbTaT UCIBITAHUS, BEPOATHOCTb 3TOW TMIOTE3bI (TOYHEE,
YCIIOBHAsi BEpPOSTHOCTh) MW3MeHWIach W crana paBHoi 0,59. Takum oOpaszom,
ucnons3oBanue  ¢opmynsl  beifleca  HO3BONMIO  MEPEOLCHUTH  BEPOATHOCTD
paccMaTpUBaeMOM TUIIOTE3bI.

IIpakTHyeckue 3agaHus MO TeMe

5.1. Ects 10 MoHeT: 8 HOpMaIbHBIX, a HA JBYX rep0 HAXOJMUTCSI C 00EUX CTOPOH.
Haynauy B3stas MoHeTa Opocaercs Tpu pasa. HalTi BEpOATHOCTB TOTO, UTO BBIIAIYT TPU
repba.

5.2. B smuke 3 Genmpix u 7 depHbIX mapoB. OAWH miap BBIHYIM Hayaady H
OTIOXKIIN B cropoHy. Cremyromuii Hayraa BBIHYTHIH map okazancs OensiM. KakxoBa
BEPOSITHOCTH TOTO, UTO OTIIOKEHHBIN I1ap ObLT OebIM?

5.3. B smuke 3 Oenpix u 7 4depHBIX ImapoB. OOWH IIap BBIHYT U OTJIOXKEH B
cropoHy. KakoBa BepOSTHOCTB, YTO CIENYIOMIMKA BRIHYTHIA Map OyAeT OelbIM, eCH I[BET
MIEPBOT0 HEU3BECTECH?

5.4. Yucno Tpy30BBIX MalllWH, MPOE3IKAIOMNX MHMO KOJIOHKH, OTHOCHUTCA K
YHCTy JIETKOBBIX MAamMH Kak 3:2. BepoATHOCTh TOro, YTO TPy30Bas MalInHA Oyaer
3ampaBisATecst paBHa 0.1, a Toro, uro Oymer 3ampaBisThes jerkoBas - 0.2. YV OeHzo-
KOJIOHKH 3ampaBiisieTcss MamuHa. HaiiTu BeposiITHOCTB TOTO, YTO 3TO Irpy30Basi MAIINHA.

5.5. Tpu oXOTHHKA OJHOBPEMEHHO W HE3aBUCHMO CTPEISIOT B kKabaHa. V3BecTHO,
YTO MEepBBIN NomaaaeT ¢ BepostHocThio 0,8, BTOpoi — 0,4, a Tpernii — 0,2. Kaban your u B
HeM oOHapykeHbI Be mynu. Kak nenuts kabana?

5.6. Ilpn OTKIOHEHHH OT HOPMAJIFHOTO peXnMa paboThl aBTOMaTa cpabaThiBaeT
curHammzatop C-1 ¢ BepostHocteio 0,8, a curmammszatop C-11 cpabareiBaer ¢
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BEPOSATHOCTHIO 1. BeposTHOCTH TOrO, 4TO aBTOMAT CHaOKeH curHamm3aTopom C-1 wru C-
11, coorBerctBeHHO paBHbl 0,6 u 0,4. [lonyyeH curHanm o aBToMara. YTo BeposTHeEe:
aBTOMAT cHaOxeH curHanuzaropom C-1 nmm C-11?

5.7. lns ygactusi B CTYJCHYCCKHX OTOOPOYHBIX CIOPTUBHBIX COPEBHOBAHHUSX
BBIICNICHO M3 MEpBOM Ipymmsl Kypca 4, U3 BTOpod — 6, M3 TpeTbeil rpymmel — 5
CTYJICHTOB. BeposTHOCTH TOr0, YTO CTYIEHT IIEPBOM, BTOPOI M TPEThEH IPYIIIBI ITOMAIacT
B COOpHYIO WHCTUTyTa, coOoTBeTcTBeHHO paBHBI 0,9; 0,7 m 0,8. Haymauy BEIOpaHHBIN
CTY/IEHT B MTOT€ COpPEBHOBaHHMs momnai B cOopHyro. K kakoil u3 rpynmn BeposiTHeE BCETO
MIPUHAAJIEKAT 3TOT CTyAEHT?

5.8. Tlaccaxkup MOXKET TPHOOpPECTH OMIIET B OJHOM M3 NMBYX Kacc. BeposTHOCTBH
ero obOpaiieHus B mepByro kaccy cocrabisier 0,4 , a Bo Bropyro 0,6. BepositTHocTs TOTO,
YTO B Kaccax OWJIETOB yKe HeT Takue: i nepsoit — 0,1, mis Bropoit - 0,5. [Taccaxup
oOpatwics B OAHY W3 Kacc W mpuodOpen Owmimer. KakoBa BepOSTHOCTh TOrO, YTO OH
npruobpen Ouier B epBoii kacce?

5.9. EcTb yeThIpe WrpaibHBIX KYOWKa U OJHA NPABUIbHAS MAPAMHIA C TUPpaMu
Ha rpassix 1, 2, 3 u 4. Hayrax BeiOpanu npeamer u Opocwnn. Beimana mudpa 4. Kakosa
BEPOSITHOCTD, YTO B3SUTH KyOUK?

Tema 6. IloBTOpeHne ucnbITAHMIA

Bonpoc 6.1 ®opmyaa bepuyain

Ecnu npon3BoguTCsl HECKOIBKO UCIIBITAHUM, TPUYEM BEPOSITHOCTH COOBITUS 4 B
Ka)XIOM HCIBITAHWM HE 3aBHUCHUT OT HMCXOJOB JPYIHUX HCIBITAHUM, TO TaKHe HCIBITAaHHUA
Ha3bIBAIOT HE3AGUCUMbBIMU OMHOCUMENLHO COObImust A.

B pa3HbIX HE3aBUCHMBIX HCIBITAHHUSIX COOBITHE A MOXET UMETh JIMOO pa3IuuHbIC
BEPOSITHOCTH, JTHOO ONIHY U Ty XK€ BEpOATHOCTh. byneM nanee paccMaTpuBaTh JIUIIb TAKUE
HE3aBHUCHMBIE UCIIBITAHUS, B KOTOPBIX COOBITHE A UMEET OJHY U TY K€ BEpOATHOCTD.

Hmwxe Bocmonp3yeMcsi TOHATHEM CIOXNCHO20 COObimus, TOHUMAs TON HHUM
COBMEIICHNE HECKOIBKHUX OTIENBHBIX COOBITHH, KOTOPBIE HA3BIBAIOT #POCIbIMU.

[lycte mpom3BOOWTCA 7 HE3aBUCHMBIX HCIBITAaHUM, B KaXXIOM U3 KOTOPBIX
coOBITHE A MOKET MTOSABUTHCS MO0 HE MOSBUTHCS. Y CIOBUMCS CUHTATh, YTO BEPOSTHOCTH
coOBITHS A B KaXX/IOM HWCIBITAHUM ONHA M Ta K€, a UMEHHO paBHa p. ClenoBaTenbHO,
BEPOSITHOCTh HEHACTYIUICHHS COOBITHS A B Ka)KIOM HCIBITAHUH TaKKe IOCTOSHHA U
paBHa =1-p.

[ToctaBum mepen coboil 3amady BBIYHCIATH BEPOSTHOCTH TOTrO, YTO TPH 71
HCIIBITAHUSAX COOBITHE A OCYIIECTBUTCSA POBHO K pas u, ClieloBaTeIbHO, HE OCYIIIECTBHTCS
n—kK pas. BasxHo MOA4EepKHYTH, 9TO He TpeGyeTcsi, 4TOOBI COOBITHE A TIOBTOPHIIOCH POBHO
K pa3 B ompeseneHHON TOCTIEA0BATEIBHOCTH. Hampumep, eCiii pedb WAET O MOSBICHUH
coOwrTust A TPH Pa3a B HETHIPEX WCMBITAHHMAX, TO BOMOKHBI CIEIYIONHE CIIOKHbIE

COOBITHSA: AAAA, AAAA, AAAA, AAAA 3amuch AAAA, 03HAYaeT, YTO B MIEPBOM, BTOPOM U
TPEThEM HCIBITAHUAX COOBITHE A HACTYIHIO, a B YETBEPTOM UCIBITAHUM OHO HE
MTOSIBUJIOCH, T. €. HACTYIIJIO MPOTHBOIOIOXKHOE COOBITHE A, COOTBETCTBEHHBIN CMBICIT
AMEIOT U JPYTHE 3aIUCH.

30



Hckomyro BeposTHOCTh 0003HauuM R, (k). Hanpumep, cumBon Ps(3) o3HauaeT

BEPOATHOCTD TOT'O, YTO B IISITH UCIIBITAHUIX COOBITHE MOSIBUTCS POBHO 3 pa3a M, CIeloBa-
TENbHO, HE HACTYIUT 2 pa3a.

[ocTaBneHHyI0 33124y MOXXHO PEUINTH C TIOMOIIBIO TaK Ha3bIBAEMOH (popMyItsl
Bepnymiu.

BuiBon ¢opmyast BeprHyaan. BeposTHOCTH OFHOTO CIIOXXHOTO COOBITHS,
COCTOSIIIETO B TOM, YTO B 7 HCTBITAHUSX cOObITHE A HAcTynmuT K pa3 W He HACTYIHUT n—K

pa3, 1o TeopeMe YMHOKEHHs BEPOSATHOCTEH He3aBUCHMEIX coObITHI paBHa pXq" ¥ . Takux
CJIIOKHBIX COOBITHI MOXET OBITh CTOJBKO, CKOJBKO MOKHO COCTABHTh COUCTAHHU U3 7
37eMeHTOB TI0 K 31eMeHTOB, T. . CX. Tak Kak 3TH CIOKHBIE COOBITHS HECOBMECTHBI, TO

10 TEOpEME CJIOKEHUsI BEPOSITHOCTEH HECOBMECTHBIX COOBITHH HMCKOMasi BEpPOSITHOCTh
paBHa cyMMe BEpOSTHOCTEH BCEX BO3MOXHBIX CIIOXKHBIX coObITHH. [lockonmbky ke
BEPOATHOCTH BCEX OTHX CIIOKHBIX COOBITHH OJMHAKOBBI, TO HCKOMas BEPOSITHOCTh
(mostBneHust K pa3 coObITHS A B 1 MCTBITAHHUAX) PaBHA BEPOSTHOCTH OJHOIO CIOXHOTO
COOBITHS, YMHOXEHHOH Ha MX 9UCIO: P, (K) :Cﬁ pkg" K wm

n! k ,n—k

Pak) = k!(n_k)!p a .

[MTony4yennyto ¢hopMyny Ha3bIBalOT Gopmynot bepuyiu.

3aoaua 1. BeposSTHOCTH TOTO, YTO PAacXOJl AJIEKTPOIHEPIHH B IPOJOKCHHUE
OHUX CYTOK HE MPEBBICUT YCTAaHOBJICHHOM HOpMBI, paBHa p=0,75. HaliT BeposSTHOCTH
TOTO, 4TO B OMIDKaiIIe 6 CyTOK pacXof JIEKTPOIHEPrHH B TeUEHHE 4 CYTOK HE IPEBBICUT
HOPMBI.

Pewenue. BeposTHOCT, HOPMAJIBHOTO Pacxofa 3JEKTPOIHEPTUH B MIPOJOIIKEHUE
KaXObIX M3 6 Cyrok mocrtosHHa u paBHa p=0,75. CriemoBarenbHO, BEPOSTHOCTH
nepepacxofa d3JEKTPOSHEPTMM B  KaXAble CYTKH Talkke IIOCTOSIHHA UM paBHA
q=1-p=1-0,75=0,25. Hckomas BeposTHOCTs 1O Qopmynae bepHymm paBHa
Ps(4)=Cgp*a? =15-(0,75)*-(0,25)? =0,30..

Bonpoc 6.2 HauBeposiTHelilee YHCJI0 HACTYNJIEHHS COOBITHS

buHomuHanpHOE pacmpenencHue (pacmpereneHue 1o cxeme  beprymnm)
MI03BOJISIET, B YAaCTHOCTH, YCTAHOBHTH, KaKO€ YHCIIO IOSBICHHH cOObITHA A Haumbosee
BepositHO. PopMyrta i HAaUBEPOSTHEHIIIEro YMCIa HACTYILUICHHST COOBITHS K MMeeT BH:

np—q<k<np+p, IpuIeM:

@) €M 9HCII0 Np—¢ — APOOHOE, TO CYLIECTBYET OTHO HAUBEPOSTHEHILIEE THCIIO;

0) eci 4ucio np-q — [EeJI0e, TO CYIIECTBYIOT /IBa HAMBEPOSITHEHINX YHCIa, a
nmenHo Kk u k+1;

6) €CIIH YHCII0 NP — LIeJI0e, TO HauBEPOSATHEHINee YUCIO K =np .

3aoaua 1. VcibIThIBaeTCS KaXKIpld M3 15 3J€MEHTOB HEKOTOPOTO YCTPOMCTBA.
BeposTHOCTP TOro, YTO DSJIEMEHT BBIICPXKHUT wHcHbITaHwe, paBHo 0,9. Haittn
HaMBEPOSITHENIIIEE YMCIIO 3JIEMEHTOB, KOTOPHIE BBIEPKAT UCIIBITAaHMSI.

Pewenue. Tlo yenosuto n=15, p=0,9, q=0,1. Haiinem nausepositHeiimee ancio K
13 JBOWHOTO HepaBeHCTBA 15:0,9-0,1<k<15-09+0,9; 135<k<144. CnenoBaTenbHO,
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k=14.

3aodaua 2. [laHHbBIC [UTUTETFHON MPOBEPKA KAUECTBA BBHIITYCKAEMBIX CTAHAAPTHBIX
JeTaiel  IMokas3ajiM, 4Yro B cpemHeM Opak  cocraBmsier  7,5%. Omnpenenuth
HauBEPOSATHEHIIIEe YUCIIO UCTIPABHBIX JIeTallel B MapTuu U3 39 mTyK.

Pewenue. Tlo ycmoButo n=39, (¢=0,075. Torma p=0,925. Haiinem
HauBEPOsTHEHIIIEE YUCIIO k u3 nBoiiHOrO HepaBeHCTBA 39-0,925-0,075<k <39-0,925+0,925;
36<k <37. CnenoBaTenbHO, HAaUBEPOATHEMHIIIEE YNCIIO UCTIPABHBIX AeTaneil paBHO 36 win
37.

3aoaua 3. Tlpu KakoM KOJNIMYECTBE BBICTPEIIOB HAWBEPOSTHEHIIICE YHCIIO
MOTaJaHui paBHO 16, €CIM BEpOATHOCTH TOMAJaHUS TPU KAXKIIOM BBICTPEJIC COCTaBJISICT
0,7?

Pewenue. Tlo ycnosuto k=16, p=0,7, @=0,3. CocraBuM HEpPaBEHCTBO

{0,7-n0,3<16 {O,7-n£16,3 ”SB%
0,7-n-03<16<0,7-n+0,7. OTKyna o
16<0,7-n+0,7 153<0,7-n 218 <n
7
Takum 00pa3om, YKHCIIO BBICTPENOB MOXKET ObITh 22 win 23.
Bomnpoc 6.3 JlokaabHas Teopema Jlaniiaca

OueBuHO, YTO TOJIB30BaThes (popMyaoil bepHyanu npu GONBIIMX 3HAYESHUAX 7
JIOCTATOYHO TPYZAHO, TaK Kak (hopMmysa TpeOyeT BBINOIHEHUS ACHCTBUI HaJ TPOMaJHBIMU
yuciaMyu. ECTecTBeHHO, BO3HHKAET BOIMPOC: HEJNb3s JIM BBIYUCIUTH WHTEPECYIOIIYIO HAC
BEPOATHOCTh, He mpuberas k ¢opmyne bepuymnu? OxasbiBaercs, MOxHO. JlokanmbHas
Teopema Jlamnaca ¥ JaeT aCHMITOTHYECKYIO (POpMYITy, KOTOpasi MO3BOJISIET MPUOIMKEHHO
HANTH BEPOSITHOCTD IOSIBICHUS COOBITHS POBHO K pa3 B 71 MCIIBITAHUSX, €CITH YUCIIO HCIIBI-
TaHUH JOCTATOYHO BEIHKO.

3aMeTuM, 4YTO ISl YacTHOTO Ciiydasi, a UMEHHO A p=1/2, acuMITOTHYECKas
¢dopmyna Obuia HaiimeHa B 1730 r. Myaspom; B 1783 r. Jlamnac obobumn dopmyny
MyaBpa i pou3BOIABHOrO p, oTiimaHoro ot 0 u 1. IToaTtomy Teopemy, 0 KOTOpOii 31eCh
HJIET peyub, MHOTAA Ha3bIBalOT TeopeMoil MyaBpa—1Jlamnaca.

Jloka3aTenbCcTBO JIOKaIbHOU TeopeMbl Jlamiaca JOBOJIBHO CIIOKHO, O3TOMY MBbI
IpUBEIeM JHIIb (OPMYIMPOBKY TEOPEMBl M HPUMEPHI, WIIIOCTPUPYIOIINE €€
HCTIONIb30BaHME.

JlokanbHas Teopema Jlamiaca. Eciu BeposSTHOCTD p TOSBICHUS COOBITHS A B
KaX/IOM HCIIBITAHUHM TIOCTOSHHA W OTJIMYHA OT HYNS W EAWHMIBI, TO BEPOSTHOCTH
P,(k) TOrO, 4TO COOBITHE A TOSBHUTCS B /1 MCIBITAHUSX POBHO K pas, MpUONMKEHHO paBHA

(TeM TouHEe, yeM OombIe /1) 3HAUYCHUIO QYHKIINH
2

2 _ k—np

1
~@(X) IpH X = ——.
Joeg O P g

1 1
y= : e
,/ npg 27
XZ
T
NmeroTcs TaOMUIBI, B KOTOPHIX MTOMEIICHBI 3HAUCHUS PYHKITUH ¢(X) = Te 2,
2z
COOTBETCTBYIOIIHE TOJIOKUTEIHHBIM 3HAUCHMAM apryMeHTa x (cM. mpuinoxenue 1 B.E.

I'mypman «Teopust BeposTHOCTEH W MaTeMaTH4ecKasi CTaTUCTHKAY). JlJisl oTpuIaTeIbHbBIX
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3HAYCHUH apryMEHTa TOJIE3YIOTCS TEMH JKe TaOJIUIaMH, TaK Kak (DYHKIS ¢(X) YEeTHA, T.C.
P(=x)=o(X) .
Wrak, BEpOATHOCTH TOrO, 4YTO COOBITHC A TIOSBUTCS B 71 HE3aBUCHMBIX
UCIIBITAHUSX POBHO K pa3, MpHOIMIKEHHO paBHA
k—np

Pn(k)zﬁw(x), rue x= m

3aoaua 1. Haiiti BeposSITHOCTH TOTO, 4TO COOBITHE A HAacTynuT poBHO 80 pa3 B
400 MCIIBITAaHUSIX, €CIM BEPOSTHOCTh IOSIBIICHUSI 3TOTO COOBITHS B KaXKJIOM HCIIBITAHUU
paBna 0,2.
Pewenue. Tlo ycnosuto, n=400; k=80; p=0,2; g= 0,8. Bocmoms3yemcs
acHUMIITOTHYECKOH popmynoii Jlamnaca:
1 1

Pago(80) » m “p(X) = . o(X).

Brrunciaum onpeaciIaAeMoC J1aHHbIMU 3a/la4i 3HAYCHHUC X
(. k=np_80-400-02

Jpg 8

[To Tabnuie mpunokeHust 1 HaxoauM ¢(0) =0,3989.

Hckomast BEpOATHOCTE Py (80) = % -0,3989=10,04986.

@opmyna bepHymnau NOpUBOOUT HPUMEPHO K TaKOMy JKE€ pE3yIbTary:
P10p(80) = 0,0498.
3aoaua 2. BepoATHOCTb MOpa)KCHHS MHILEHU CTPEIKOM IPH OJHOM BBICTpENe

p=0,75. Haiitu BeposTHOCTH TOro, uTo mpu 10 BBICTpenax CTPENoK MOpa3uT MUIIEHb 8§
pas.

Pewenue. Tlo ycnosuto, n=10; k=8; p=0,75; g= 0,25. Bocnomab3yemcs
acumnroruyeckoit popmynoii Jlannaca:

1
P o(8) * ———="¢(X) =0,7301- ¢(X).
410-0,75-0,25

Berauciaum onpeaeisaeMoe JaHHBIMHA 3aJavuu 3HAYCHUC X:

,_k-np_ 8-10075 _

Jopg  J10-075-025
[To Tabnuie npunoxenus 1 HaxomuMm ¢(0,36) = 0,3739.
Hckomas BeposTHOCTE B ((8) =0,7301-0,3739=0,273.
®opmyna bepHynM NpUBOAMT K MHOMY PE3yNbTaTy, a UMEHHO B ((8)=0,282.

CTonb 3HAYUTENBHOE PACXOXKICHHE OTBETOB OOBSACHACTCS TEM, YTO B HACTOSIIEM
npuMepe n uMeeT Mainoe 3HadeHHe (Qopmyna Jlammaca nmaer AOCTaTOYHO XOpOIIUE
MIPUONIMKEHUS JIWIIH TIPHA JOCTATOYHO OONBIINX 3HAUCHHAX 7).
Bonpoc 6.4 UnTerpanbHas Teopema Jlaniaca

BHOBB TIpenmoNoKuM, 9TO MPOW3BOJNTCS 7 MCTIBITAHUN, B KaXJIOM M3 KOTOPBIX
BEPOATHOCTh TOSIBIICHUSI cOoOBITHA A moctosHHa M paBHa p (0<p<l). Kak BpraucianuTh
BEpOATHOCTb P, (kj,ky) TOTO, 9TO COOBITHE A MOABUTCA B 11 MCHIBITAHUSX HE MEHee k; M HE
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Oomee k, pa3 (Uit KpaTKOCTH OyneM TOBOPHUTH «OT k; 10 Kk, pas3»)? Ha stor Bompoc

OTBEYacT MHTerpanbHas Teopema Jlammaca, KOTOPYHO MBI NPHBOIUM HIKE, OITYCTHB
JI0Ka3aTeIbCTBO.

Hurterpanbnas Teopema Jlanmaca. Eciiu BepoATHOCTb p HACTYIUIEHHS COOBITHS
A B Ka)XIOM HCIBITAHHUM IOCTOSIHHA M OTIIMYHA OT HyJs W €IUHMIBI, TO BEPOSITHOCTD
P,(kj,k,) TOro, uro coObITHe A MOSBUTCA B 7 MCHOBITAHUAX OT k; m0 k, pa3s ,

MIPUOJIMKEHHO paBHA ONPEAEIEHHOMY HHTETpaly

Palky ko) = (6.1)

1 J‘ -
— e

e x = KLZP o ko —mp
Jnpa Jnpa -
[lpu pemennn 3amad, TPeOYIOIMX TPUMEHEHHS WHTEIPAILHOH TEOPEMBI
Jlamnaca, nonb3yroTCsl crienuanbHbIMU TaOIUIIAMH, TaK Kak HEOMpeIeJICHHbIN UHTErpaj
ZZ

Ie 2dz He BBIpakaeTcs uepe3 dsJeMeHTapHblie (yHkuuu. Tabiuma A HHTErpasia

D(x) = e 2 dz npuBeneHa B koHue kuuru B.E. I'mypman «Teopust BeposTHOCTEHR 1

H
MaTeMaTu4eckasi CTaTUCTHKay (mpuwiokenue 2). B tabnuue nanbl 3Ha4eHHs (QYHKIIUA
®(X) JUIs TIOJIOKUTEIbHBIX 3HaUeHU x 1 1uist x=0; 1st x<0 ToNIB3yI0TCsI TOM XKe TabuIei
(pyHkuMS d(x) HeueTHa, T.e. d(—x)=-d(x) ). B Tabnuie npuBeneHp! 3HAYCHUSI UHTErpajia
JMmb A0 X=5, Tak Kak A X>5 MOXHO HPUHATH O(x)=0,5. DyHKIM @(x) 4acro
Ha3bBalOT (yHkImed Jlamiaca.

Just Toro yToOBI MOXKHO OBUIO TONB30BaThes Tabimuel ¢ynkuun Jlamnaca,
npeodpa3syem cootHotrenue (6.1) tak:

X z X X
Pk, ky) ¥ — Ie 2dz— ! Ie 2dHLJ‘e 2dz:;je 27— 1 Ie 2dz=
7rx, 2 7 2 0 N2z 0

=d(x")—Dd(X").
Urak, BepOATHOCTH TOrO, YTO COOBITHE A TOSBUTCI B 7 HE3aBUCHMBIX

ucnsitanusx ot K, 1o K, pas, Py(kj,ky)=®(X")—d(X'), T x':M 51 x”:ﬂ.
Jnpg Jrpg
IIpuBeaem npumMep, WILTIOCTPUPYIOIIMH MPUMEHEHUE HHTETPATBHOW TEOPEMBbI
Jlanmaca.
3aoaua 1. BeposTHOCTH TOrO, 4TO netanb He mpomura mnpoBepky OTK, paBHa
p=0,2. Haiitn BeposiTHOCTH TOro, uto cpexu 400 cimydailHO OTOOpaHHBIX [eTanei
okaxercs HerpoBepeHHbIX oT 70 g0 100 netanei.

Pewenue. To ycnosuto, p=0,2; q=0,8; n=400; k,=70; K, =100. Bocmonb3yemcst
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HHTETpajgbHON TeopeMoit JIamaca: Pygo(70,100) = D(X") — D(X).

BoruricniuM HUOKHUNA U BEpXHUHN TpeieNibl HHTETPUPOBAHMUS:
o ki—np _ 70-400-02 _
Jopg  4/400.02-08
o ka—np _100-400-02 _
Jopg  4/400.02-08
Taxum 00pa3oM, IMeeM Py((70,100) = D(2,5) — D(—1,25) = D(2,5) + D(1,25).
Ilo TaGnuie MPUWIOKEHUS 2 HAXOAUM: d(2,5)=0,4938 @(1,25)=0,3944.
HckoMas BepOSITHOCTD P10p(70,100) = 0,4938+0,3944 = 0,8882.

-1,25;

IIpakTUyeckue 3agaHus M0 TemMe

6.1. B xomenbke miexaT 8 MOHET IOCTOMHCTBOM 5 KOmeeKk M 2 MOHETHI
JIOCTOMHCTBOM 3 Komeliku. Haynauy BeIOMpaetcss MoHeTa M Opocaercs 5 pas. Kakosa
BEPOATHOCTB TOTO, YTO B cyMMe Oyzer 15 ouko, ecnu repd npuHumaercst 3a 0 04KOB.

6.2. Tlpomssemeno 10 moaOpaceiBaHuii OJHOM W3 TpeX MOHET: OJHA
JIOCTOMHCTBOM 3 KOIIEMKH, OJHA JOCTOMHCTBOM 2 KONEHKH M OJHA JOCTOMHCTBOM 1
Korieiika. KakoBa BeposSITHOCTH TOro, 4Tto B CymMMe Oyner 6 O4KkoB, ecid Trepd
npuHUMaeTcs 3a 0 04KOB.

6.3. HcobIThIBaeTcs Kaxabli u3 15 »lIeMEHTOB HEKOTOPOro yCTpOMCTBa.
BeposTHOCTH TOro, 4YTO DSJIEMEHT BBIAEPXKUT HcnbiTanue, pasHa 0,9. Haiitu
HaMBEPOSTHEHIIIEE YHCIIO 3JIEMEHTOB, KOTOPBIC BBIEPKAT UCIIBITAHHUE.

6.4. Otmen TeXHHYECKOTO KOHTpONS TmpoBepseT maptuto u3 10 gerameit.
BeposTHOCTB TOTO, 4TO AETanb CcTaHAapTHA, paBHa 0,75. Halitu HauBeposTHElIIeEe YUCITIO
JeTaseil, KOTopsle OyMyT MPU3HAHBI CTAHAAPTHBIMH.

6.5. ToBapoBen ocmarpuBaer 24 oOpasma ToBapoB. BeposTHOCTH TOro, 4TO
KaXObli w3 oOpasuoB Oymer mNpu3HaH TOAHBIM K Tmpojaxke, pasHa 0,6. Haittu
HauBEpOATHENIIIee YHCI0 00pa3IoB, KOTOPBIE TOBAPOBE] IPU3HAET TOIHBIMU K IIPOAXKE.

6.6. HaiiTu HauBeposiTHelIlIee YUCIO MPaBHIBLHO HAOWUTHIX mNepdopaTopiiuien
nepdpokapr cpeau 19 mepdokapt, ecau BEpOSTHOCTh TOro, 4To mepdokapra HabuTa
HeBepHO, paBHa 0, 1.

6.7. Jla paBHOCWIBHBIX TPOTHBHHKA WrpalOT B IMIaxMarbl. Haiiti
HaMBEPOSTHEWIIIEE YUCIO BRIMTPHIIECH IS JTI000T0 MIaXMaTHCTa, €ClIi OyzneT chirpaHo 2N
pe3yabTaTUBHBIX (03 HUYBHX) TAPTHH.

6.8. [IBa cTpenka CTpEsIOT MO MHIIEHH. BeposSTHOCTH IpoMaxa IpH OJHOM
BEICTpenie s mepBoro crpenka paHa 0,2, a mis Broporo — 0,4. Haiitn
HaWBEPOSITHEWIIIEE YHCIIO 3ANIOB, MPU KOTOPHIX HE OyIeT HM OJHOTO MOMAJaHus B
MHUIICHB, €CIIN CTPEJIKU TIPOU3BENYT 25 3aJII0B.

6.9. JlBa crTpenka OIHOBPEMEHHO CTPEISIIOT 10 MHIIEHH. BeposTHOCTh
MONaJaHnsl B MHIIEHb NPU OXHOM BBICTpene sl mepBoro crpenka pasHa 0,8, a s
Broporo — 0,6. HaifTu HamBeposTHeiIIee YHCIO 3aJMOB, TPU KOTOPBIX 00a CTpenka
TonayT B MUIIEHb, €CIH OyJeT Mpon3BeAeHo 15 3ammoB.

6.10. Ckompko HaJI0 MPOW3BECTH HE3ABUCHMBIX HCIIBITAHWN C BEPOSTHOCTHIO
TIOSIBJICHHS COOBITHS B K)KJJOM HCIIBITAHUH, paBHOU 0,4, 4TOOBI HaMBEPOSITHEHIIIEE YHCIO
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TTOSIBIICHUI COOBITHUS B 3TUX UCIBITAHUSIX OBLIO paBHO 257

6.11. BeposiTHOCT TOSIBIIEHHSI COOBITHSI B KaXKIOM M3 HE3aBUCHUMBIX HCIBITAHUN
paBHa 0,3. HailiTu 4ucio HCHOBITaHWII N, NpH KOTOPOM HAUBEPOATHEUIIIEE YHUCIIO
TIOSIBJIGHHUI COOBITHS B 3THX UCTIBITaHUAX OyneT paBHO 30.

6.12. BeposiITHOCTD TOSIBIIEHHSI COOBITHSI B Ka)K/IOM M3 HE3aBUCHUMBIX HCIBITAHUN
paBHa 0,7. HaliTu 4ucio HCHOBITaHWII N, NPH KOTOPOM HAUBEPOATHEUIIIEE YHUCIIO
MOSIBJICHU COOBITHSI paBHO 20.

6.13. UYemy paBHa BEpOSTHOCTh [ HACTYIUIEHHS COOBITHS B KakaoM u3 49
HE3aBHCUMBIX HCIBITAHUH, €CII HaUBEPOSITHEWIIIee YHCIIO HACTYTUICHUH COOBITHS B 9THX
HCTBITaHUAX paBHO 307

6.14. Yemy paBHa BEpOSTHOCTh [ HACTYIUIEHHS COOBITHSI B KakaoM u3 39
HE3aBHCUMBIX HMCIBITAHUH, €CIIM HauBEPOSITHEWIIIee YHCIIO HACTYIUICHUH COOBITHS B 9THX
HCTBITAHUAX paBHO 257

6.15. barapes mpousBena IIeCTh BBICTPENOB MO OO0BEKTYy. BeposTHOCTH
ronajanusi B 00bEKT NpH 0THOM BhIcTpene paBHa 0,3. HaliTu: a) HauBeposTHelIIee Y1CIo
ToNaiaHuii; 0) BEpOITHOCTh HAMBEPOSTHEHIIIETO YHCIIa MOMaaHNi; B) BEPOSITHOCTh TOT'O,
4TO 00BEKT OyJET pa3pylleH, eciu JUIs 3TOTO JOCTATOYHO XOTs ObI ABYX IMOMaIaHHH.

6.16. Tlpubop cocTOMT W3 MATH HE3aBUCHMO pPabOTAIOMIMX JIIEMEHTOB.
BeposTHOCTh OTKa3a 3JeMEHTa B MOMCHT BKIIOUeHHs mnpubOopa pasha 0,2. Haiitu: a)
HauBEPOSTHEHINIEE YUCIO OTKA3aBIIMX AJIEMEHTOB; 0) BEPOSTHOCTh HAaWBEPOSTHEHILETO
YHCIla OTKA3aBIIMX DJIEMEHTOB; B) BEPOATHOCTh OTKa3za NpHOOpa, €CIM I 3TOro
JOCTaTOYHO, YTOOBI OTKa3aJIM XOTs OBl YETBIPE JIEMEHTA.
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