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IlosicHuTeILHASI 3alIMCKA

Meroandyeckoe 1mMOcoOME COCTaBICHO B IIOMOIIb IPENOJABATENs IO Pa3[ey
«Crmyuaitapie Benmuusb qucnuminasl EH.03 Teopus BeposiTHOCTEl 1 MaTeMaTHIeCcKas
crartuctuka. [locoOue mpeaHasHaueHO JJIsl OpPraHW3allMy ayAUTOPHOW W BHEAyIUTOPHOMN
paboTel crynmeHTOB. [laHHOE MeToaMuYecKoe MocoOme MOKeT OBITh WCIIONB30BAHO ISt
cnenuanpHocTH 09.02.03 TIporpamMmmupoBanne B KOMIBIOTEPHBIX CHCTEMAX.

Marepuan mocoOMs HWMEET ONpEeIeJCHHYI CTPYKTypy: TO  KaxIoW
paccMaTpHuBaeMol TeMe JaeTcsl TEOPETHIECKUI MaTepual ¢ IPaKTHIECKUMH ITPUMEpaMHy,

IIOCJIE KOTOPOTO yKa3aH IepeueHb NPaKTHIECKUX 3alaHUH 110 TeMe



BBenenue

Teopus eeposmnocmeti — MaTeMaTHUeCKas HayKa, U3ydaroias 3aKOHOMEPHOCTH
CIy4aiHbIX SIBICHUU.

Mox cayuaiinbivu TOHUMAIOTCS TaKWe SBICHHUS, KOTOPBIE IPH MHOTOKPATHOM
MOBTOPEHNH OTBITa TPOTEKAIOT KaXKABIH pa3 No-MHOMY. VcXon TakWx OIBITOB
HEMpeCcKa3yeM.

Beposamnocms — KoMU4eCTBEHHAs Mepa HEONPEEIIEHHOCTH — YHUCJO, KOTOpOe
BBIPA)KACT CTCIICHb YBEPCHHOCTU B HACTYIUICHUHU TOTO MJIM UHOTO COOBITHSI.

Ilpeomemom TeOpHH BEPOATHOCTCH SBIACTCS W3YYCHUEC BEPOSTHOCTHBIX
3aKOHOMEPHOCTEHN MacCOBBIX OJTHOPOJIHBIX CIY4YaiHbIX COOBITHIA.

Teopuss BepOATHOCTEH B HACTOSAILICC BpeMs — OOS3ATCIBHBIA UHCMPYMeHm
aHanusa cumyayuil, SKIOYAOWUx HeonpederenHocms. OCHOBHOW 3adaueti TEOPHH
BEPOSATHOCTEH SBISIETCS YCTAHOBJIICHHE MATEMAaTHYCCKHX 3aKOHOB IUIS HCCICIOBAHUS
CITydalHBIX SBJICHUI MacCOBOTO XapakTepa U NMpeABHICHHS MX HAa OCHOBAHUU OTICIBHBIX
(axToB.

Mamemamuyeckas cmamucmuka — MaTeMaTWdeckas HayKa, H3ydaromas
METO/Ibl 00pabOTKH Pe3yIbTaTOB HAOIIOACHUIA.

3ad0aua mamemamuueckoi cmamucmuxy 3aKIIOYACTCS B TOM, YTOOBI 110 BBIOOPKE
— TMOJAMHOXECTBY OTPaHHMUYEHHBIX JAHHBIX — BBIABUTH C ONPEIECIIEHHOW CTENEHBIO
TOYHOCTH XapaKTEPUCTUKU BCETO MHOXKECTBA — T'€HEPAIbHON COBOKYITHOCTH.

MeTtoabl MaTEMaTHYECKOM CTATUCTUKU OCHOBBIBAIOTCSI HA TECHO CBSI3aHHOM C HEH
TEOpUEH BEPOATHOCTEH.

Tema 1. DiieMeHTbI KOMOMHATOPUKH

Kombunamopuxoii Ha3bpiBaeTcs 00JaCTh MaTEMAaTHKH, B KOTOPOW H3YYaroTCs
BOTIPOCHI O TOM, CKOJBKO PAa3MYHBIX KOMOWHAIWHA, MOAYMHECHHBIX TEM WIH WHBIM
YCIIOBHSIM, MOXKHO COCTaBHUTh M3 3aJaHHBIX O0OBEKTOB.

Onp. 1. MHOXecTBO (COBOKYITHOCTh DIIEMEHTOB) HA3BIBACTCS 3QHYMEPOBAHHBIM,
€CNIM KaXKJAOMY 3JIEMEHTY 3TOI'0 MHOXECTBA COINOCTABJICHO CBOE HATYpaJIbHOE YHCIIO
(momep) or | mo m. Jlms KpaTKOCTH 3aHyMEpOBaHHBIE MHOXXECTBA Takxke OyayT
Ha3bIBATECS HAOOpaAMU.

B ciyudae, xorzma N ABISETCS KOHEYHbIM, TOBOPST, YTO MHOKECTBO COCTOHUT U3 7
aneMeHTOB. Eciii 71 = 00, TO MHOKE€CTBO Ha3BIBACTCS CUEMHbIM.

Onp. 2. Ornmuatomyecss Apyr OT JApyra HOPSAKOM HaOOpbI, COCTaBJICHHBIE M3
BCEX JJIEMEHTOB JJAHHOT'O KOHEYHOT'O MHOKECTBA, HA3BIBAIOTCS 1nepecmaHO8KaMu STOrO
MHOKECTBA. Hampumep: MHOXECTBO, cocTosmee U3 Tpex OJJeMeHToB {1,2,3}, mMeeT -cremyromue
nepecranoBku: (1,2,3), (1,3,2), (2,3,1), (2,1,3), (3,2,1), (3,1,2).

Yncno Bcex mepecTaHOBOK MHOXKECTBA M3 71 DIIEMEHTOB 0003HavaeTcst Pn.

Teopema 1 (o uncne nepecranoBok). Yucio nepecraHoBok P, ompexensercs mo
dopmyne P, =n!, rae nl=1-2-3-..-n

3a0aua l. CxOMbKUMH  pa3IMYHBIMH ~ MapmpyTaMHd  MOXHO  Pa3HECTH
KOPPECIOHIEHIUIO B 5 aipecoB?

Pewenue. 3anymepyem aapeca mudpamu ot 1 10 5. Kakmomy mMapmpyTy MOKHO
COTIOCTaBUTh OJMH M3 HAOOPOB, COCTOSIIMX W3 3THX IATH 1udp, Hanpumep, (2,5,3,4,1).
Takoii HaOOp 03HAYaeT, YTO CHayalia BHIOMpPAETCs BTOPOH ampec, 3aTeM IITHIN, TPETHH,

5



YETBEPTHI U TEepBbIiH. Bcero pasnmuyHbIX MapuIpyTOB, T. €. OTIUYAIONIUXCS TMOPSIAKOM
Habopos matu 1udp Oymer 5! = 120.

3a0aua 2. Uudpsr 0,1,2,3 Hammcansl Ha dYeTblpex KapToukax. CKOJIBKO
Pa3IMYHBIX YETHIPEX3HAYHBIX YHCET MOXKHO COCTABUTh U3 STHX KapTouek?

Pewenue. Uncno pa3nnuHbix KoMOWHanuii u3 yetbipex nu¢p pasHo 4!. He Bce
9TH KOMOMWHAIMM SBJSIFOTCS YETHIPEX3HAUYHBIMM YHCIIAMH, T. K. €CTh KOMOWHAIWW,
HayMHAIOIUeCs ¢ HyJs. Takux koMOuHaumii Oyner 3! M MX HYKHO HCKIIOYUTH. B
pe3ynbTaTe Yucio pa3linuHbIX YeThIpeX3HauHbIX unces paBHo 4!-3!1 = 18.

Onp. 3. YuopsaoueHHble HaOOPbI, COCTOAIIME W3 K Ppa3iIUUHBIX 3IIEMEHTOB,
BBIOPAHHBIX U3 JAHHBIX 71 SICMEHTOB, HA3BIBAIOTCS PAMEYCHUAMU U3 N DTIeMeHmOo8 no K.

PasMemiennss MOryT OTJIMYaThCsA JAPYT OT JApyra Kak OSJeMEHTaMH, TaK H

MIOPSIKOM.
Hampumep: PasnnuHbIME pa3MelieHHsIMH MHOXECTBAa M3 Tpex dieMeHToB {1,2,3} mo mBa Oymyr
nabopsi (1,2), (2,1), (1.3), (3,1), (2,3), (3,2).

Uucno Bcex pa3MelIeHUd U3 7 3JIEMEHTOB 10 K 0003Ha4daeTcst A,'l‘ .Jpu k = n

YHCIIO pa3MEIIeHUI COBMAaeT ¢ YUCIOM MEPECTaHOBOK.

Teopema 2 (0 uucne pasmenicHnil). Yucao pasMeIieHHy U3 I 3JEMEHTOB M0 K

ompenensercs no Gpopmyiie
k_ n

g

3a0aua 3. Ctyaentam Hajo caath 4 sk3aMeHa 3a 8 qHei. CKONIBKUMU criocobamu
MOJKHO COCTaBHUTb PACHICAaHUE CaYN SK3aMECHOB?

Pewenue. 3anymepyeM nHH ciaym 3k3amMeHOB mudppamu 1,2,...,8. CocTaBusTh
pa3IHYHbBIC pacHCaHUsI MOXHO cieqyromuM odpa3om. CHadana BEIOEpEeM THU IS CIAYH
9K3aMEHOB, Hampumep, (2,4,5,7), a 3aTeM MOPSAAOK cladd SK3aMeHOB. Takum oOpaszom,
HY>KHO COCTaBHThH Pa3IMYHBIC HAOOPHI YETHIPEX YUCEN M3 BOCBMH, KOTOPBIC OTIHMYAIOTCS

JIPYT OT ApyTa He TOJIBKO 3JIEMEHTaMH, HO U mopsakoM. Takux HabopoB Aé =1680.

Onp. 4. HeynopsinoueHHsle Ha0OPBI, COCTOSIIME M3 K 3J€MEHTOB, B3STHIX W3
JAaHHBIX 711 9JICMCHTOB, HA3bIBAKOTCA COYEMAHUAMU U3 N DJIEMEHM 06 NOo k

CodyeTaHus OTIMYAIOTCS IPYT OT APYyTra TOIBKO dJIEMEHTAMH.

Hanpumep: /1ns muoxectsa {1,2,3} coueranusimu no 2 snemenra ssistores {1,2}, {1,3}, {2,3}.

YpcIIo BCeX COoueTaHmit U3 7 3eMeHToB o K 06o3nauaercst CF .

Teopema 3 (0 uuciae coderanuii). Ynciao codyeTtaHwid W3 1 2JeMEHTOB Mo K
onpenensercs o Gopmyse

k
n

n!
~ki(n—k)

3a0aua 4. B XOKKeHHOM TypHHpe Y4YacTBYIOT 6 komaHj. Kaxkmas komaHzia
JIOJDKHA CBITPATh C Kakaod ofHy Urpy. CKOJIBKO UIp CBITPAaHO B TypHUpe?

Pewenue. Paznuunble mapbl KOMaHA 00pa3yrOT coueTaHus U3 6 1Mo 2, MOCKOJIbKY
MOPSIIOK  CPeAM JBYX KOMaHJ, WrpalolMX B OJHOM wWrpe, HaMm Oe3pa3inyeH.
CienoBaTesbHO, YUCIIO Urp OyIeT paBHO Cg =15.

Teopema 4 (0 uncie koMOuHaNMiA). YKCIIO pa3InIHBIX KOMOWHAIIUI 3JIEMEHTOB
Buza (ab, d? ...,a"), 20e a' - HEKOTOPEIi YIIEMEHT i-# TPYIIBI, COCTOSMIEH U3 N; 2JIEMEHTOB,
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PaBHO ny-Ny-...-Np .
3aoaua 5. VI3 Tpex KIaccoB CIIOPTHBHOMN IIKOJIBI HY>)KHO COCTaBUTH KOMAaHIY ISt
COpPEBHOBAHUM, B3SIB 110 OAHOMY YUEHHKY OT Kiacca. CKOIBKO pa3IHMIHBIX KOMaH]T MOXHO

COCTaBUTb, €CIIM B OJTHOM Kiiacce yuatcs 18, B npyrom - 20, a B TpeTbeM - 22 yyeHuKa?
Pewenue: 18-20-22 = 7920.

IIpakTHyeckue 3aJaHus 10 TeMe

1.1. HMmeercs naATh BHUIOB KOHBEPTOB 0€3 MapoOK M 4YeThIpe BHAA MapoK OIHOTO
noctonHCTBA. CKONBKUME COCO0aMHU MOKHO BBIOpaTh KOHBEPT C MapKOM JJIs MOCHUIKH MUChbMa?

1.2. CKONbKO MPAMBIX JTUHUI MOKHO MPOBECTH Yepe3 8 TOUYEK, U3 KOTOPHIX POBHO 3 JIexkat
Ha OTHOW IpsAMO¥i?

1.3. Ckonbko cioBapeil HyXKHO H3]1aTh, YTOOBI MEPEBOJMTH C JIOOOTO W3 5 SI3BIKOB Ha
000 APYTOi U3 ITUX A3BIKOB?

1.4. Ectb natupaspsiHbiil nudpoBoii 3aMok. KooBoe ycTpoHCTBO 3aMKa COCTOUT U3 MSATH
BPAIIAIONIUXCS JMCKOB, KaKABIH W3 KOTOpBIX MMeeT miects mudp or 0 mo 5. Tompko onna
KOMOHMHAIMS U3 TATH TUQP MO3BOISIET OTKPHITH 3aMOK. CKOJIBKO TaKMX KOMOWHALUH?

1.5. CKOJNBKMMH CIOCO0aMH MOXHO YIOPSZAOYHTH MHOKECTBO {1,2,..., 2n} Tak, 4TOOBI
Ka)KZI0€ YeTHOE YHCIIO0 UMEJIO YETHBIN HoMep?

1.6. CKOJIBKHMH CHOCOOAMH MOYKHO YIOPSAOYUTH MHOXKECTBO {1,2,..., N} Tak, 4TOOBI
yucna 1,2,3 cTosuu psoM U B IIOPsIIKE BO3pacTaHus?

1.7. Kakoe KOJIMYECTBO pa3IMYHBIX CUMBOJIOB (OYKB, YHCEN U T. 1.) MOXHO IepenaTh He
GoJiee YeM IATHIO 3HaKaMu Koja Mop3e, HCIOJb3YIIero Touky (¢) u tupe (—)?

1.8. ABTOMOOMIBHBIE HOMEPA COCTOSIT U3 TpeX OyKB M ueThipex mudp. Haiitu uncio takux
HOMEPOB, €CITH UCTIONB3YIOTCS 32 OYKBHI anaBuTa.

1.9.(cka3ka) XKuin-ObUT CTpaHHBIA MPaBUTENb. Pemnn oH CBOMX MONIAHHBIX pa3invaTh HE
o UMeHaM, a 1o 3ybam. Cebe Bce 32 3yba ocTaBWII Kak v ObUIH OenbIMU. BikaiiiiM mongaHnHeIM
MOBeJIeT OANH 3y0 Ha Pa3HbBIX MO3UIUSIX OKPACHTh B YEPHBIH IBET, YTOOBI HX OTINYATh. Jlanee muu
BaccaJibl C JIByMsI YepHBIMH 3y0aMM Ha pPa3HBIX MO3WIMAX, M TaK Jajee. B caMbIX HU3IMINX CIIOSX
OBUIH JIIOU C OAHMM OenbIM 3yOOM Ha pasHbIX MeCTaX, M ObUT OAWH TOJBKO C 4epHBIMU. CKOJBKO
OBUIO MOJIAaHHBIX Y MIPABUTEIIS?

1.10. Cko1bKO MaIIMHHBIX (Pa3INYAIONIUXCS TI0 HAIIMCAHUIO U He 00513aTeNIbHO NMEIOIINX
CMBICIT) CIIOB MOKHO COCTaBUTH U3 OykB cioBa KOJIOKOJL, u3 6yks ciosa BOAOPO/?

1.11. CxombKIMH CIOCO0aMU MOYKHO TTOCAIUTH 33 KPYTIIBIA CTON 7 MY>KYWH U 7 >KEHIIHH
TaK, 9TOOBI HUKAKHe /1B XKEHIIIHBI He CUCIHN PAIoM?

1.12. CxonmpkuMHu cnoco0amMu 9 OIMHAKOBBIX KOH(ET MOXKHO pa3jOXKUTh IO MSATH
Pas3IMYHBIM MAaKEeTaM, €CJIM HU OJIUH M3 NAKECTOB HE IOJDKCH 6]>IT]> l'lyCTl)lM? Tot xe BOIIPOC, HO
MaKETbI MOT'YT OBITh IIyCTBIMU.

Tema 2. OcHOBHBIE OHSITHSI TEOPHH BEPOSITHOCTEH
Bonpoc 2.1 Ciryuaiinbie co0bITHSA

B ocHOBe Teopuu BEpOATHOCTEH JNEXKHUT MOHATHE CIy4yallHOrO SKCHEPUMEHTA.
9KCHepHMeHT CUHUTACTCA Cﬂy‘{al\/’IHHM, €CIM OH MOJKET 3aKOHYUTLCS JIIOOBIM U3
COBOKYIMTHOCTHU HM3BCCTHBIX PE3YJILTATOB, HO JO OCYHICCTBJICHUA OKCIECPHUMCHTA HEIIbB3A

npeacKa3aTb, KAKMM MMEHHO.
IIpumeps! ciy4aliHOTO HKCIIEPUMEHTA: OpPOCAHWE MOHETHI, OPOCAHUE UTPANBHOI KOCTH, MPOBEICHHUE
JIOTepeH, a3apTHEIE HIPEL, CTPenb0a Mo [eIn, HOCTYIUICHUE 3BOHKOB Ha Tele()OHHYIO CTAHIIUIO.

Paznuunere PE3YIbTAThl OKCIICPUMCHTA HPUHATO HAa3bIBATh ucxooamu.
Ol’lpl MHOXECTBO BCeX B3aUMHO HCKIIIOYAIOMNUX HCXOA0B OKCIICPUMCHTA
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HAa3bIBACTCS NPOCTNPAHCINGOM DNEMEHMAPHBIX COOBIMUL.

Bzaumno uckniouarowue ucxodbl — 3TO Te€, KOTOPble HE MOTYT HACTYIHTh
OJHOBpPEMEHHO. B manpHeiinieM o TepMUHOM «HCXOI IOAPa3yMEBalOTCS TOJIBKO TaKUe
HCXOJIBI.

[IpocTpaHCTBO BIIEMEHTAPHBIX COOBITHII MBI OyeM 0003Ha9aTh OYKBOH £2, a ero
UCXOJBI — OYKBOW @ C Pa3IMYHBIMU MHJAEKCAMU M 0€3 HUX WM JPYTHMMU MOHSATHBIMU M3
KOHTEKCTa CHMBOJIaMU. TEPMHUHBI «3JIEMEHTApHOE COOBITHE» U «HCXOI» OyIeM CUHTATh
CUHOHUMaMH.

Onp.2. Tlpon3BoJbHOE MOJMHOMKECTBO NPOCTPAHCTBA IJIEMEHTAPHBIX COOBITHI
Ha3bIBAaCTCs COObIMUEM.

Onp.3. [Jocmoeepnvim Ha3bIBAalOT COOBITUE, KOTOPOE 00A3aTENbHO IPOU30IIeT,

ecnu OyeT OCyIIecTBICHA OMpeesieHHAs COBOKYITHOCTD yCIIOBHH.

HampriMep, ecitit B cocyzie COIEPIKHUTCS BOJA IIPH HOPMaJIbHOM aTMOC(EpHOM JaBICHUH H TeMIlepa-
Type 20°, To coOBITHE «BOJIAa B COCY/I€ HAXOJAMTCS B JKHIKOM COCTOSHUM» €CTh JIOCTOBEpHOE. B 3TOM mpumepe
3a/1aHHbIC aTMOC(EPHOE JABJICHUE M TEMIICPATyPa BOBI COCTABIISIIOT COBOKYITHOCTh YCJIOBUH.

Ol’lp4 Heso3mooicHbim HA3BIBAIOT CO6BITI/IG, KOTOpPOC 3aBCAOMO HC HpOHSOﬁZ{eT,
€Cln 6yz[eT OCyHICCTBJICHA COBOKYIIHOCTb YCJIOBPIﬁ.

HaanMep, cobbITHE «BOJa B COCyIA€ HAXOOUTCA B TBEPAOM COCTOSIHHUH» 3aBEAOMO HE Hp0H30ﬁHeT,
ecii OyZIeT OCYIIECTBIICHA COBOKYITHOCTD YCJIOBUII MPEABIAYIETO IIPHMEpa.

Onp.5. Crayyaiinbiv Ha3bIBAIOT COOBITHE, KOTOpPOE TMPH OCYIIECTBICHUH
COBOKYITHOCTH YCJIOBHI MOXET JIM0O MPOU3OUTH, TUOO HE POU30MTH.

Hanpumep, ecin OpoleHa MOHETa, TO OHa MOXET YIAacTh Tak, 4To cBepXy Oyner nmbo repO, nubo
Haanuck. [ToaToMy coObiTHE «IIpU OPOCAHUM MOHETHI BBINAN «repd» — cirydaiiHoe.

Kaxnoe cirydaiiHoe coOBITHE, B YACTHOCTH BBITIAJICHNUE «rep0Oay, eCTh CIEACTBUE
JIEWCTBUA OYEHb MHOTHX CIIyYalHBIX NPUYMH (B HAIIEM NpHMEpe: CHia, C KOTOpOi
OpormreHa MoHeTa, (JopMa MOHETHI U MHOTHE Jpyrue). HeBo3MOXXHO ydecTh BIMSHHE Ha
Pe3yNbTaT BCEX 3TUX MPUYHH, MTOCKOJIBKY YHCIIO UX OYEHb BEJIMKO M 3aKOHBI HX JEHCTBUS
Heu3BeCTHbL. [loaTOMy TeopHsi BEpOSTHOCTEH HE CTaBUT Iepes CcoOOM  3amauy
npe/cKa3aTh, MPOU30HAET eMHUYHOE COOBITHE WIIM HET, — OHa MPOCTO HE B CHJIaX 3TO
caenatsb.

CoObITHE MOXET COCTOSITh U3 OJHOTO WJIM HECKOJBKHUX 3JIEMEHTAPHBIX COOBITHIA,
a TaKkXKe COCTOSTh W3 CYETHOrO MJIM HE CYETHOTO 4YHCiIa 3JIEMEHTapHBIX COOBITHH.
Co06bITHa OyayT 0003HA4aThCS 3arJIaBHBIMH JATHHCKUMHU W PYCCKUMHU OykBamu A,B,C,..
WIN 3alMCHIBATHCS CIOBaMHM, HAlPUMEpP, «BBINAIO YETHOE YMCIO OYKOB HAa HMIPALHOM
koctu». Ocobo ciieryeT BBIACINTL COOBITHE, COCTOSIIIEE U3 ITYCTOTO MHOXKECTBA NCXO/IOB.
OHo Oyzer 0003HaYaTHECST CHMBOJIOM (.

I'oBopsr, uto cobvimue A nacmynuno, eciny SKCIIEPUMEHT 3aKaHYMBACTCS OJHUM

n3 UCXO0J0B, BXOJAIINX B CO6I)ITI/IG A.

Tpumepsr: 1) bpocanne mMoHetsl. [Ipeamnonaraem, 4To MOHETa JOCTATOYHO TOHKAas M MPU OPOCaHUH
He BCTaeT Ha pedpo. IIpocTpaHCcTBO dIeMEHTapHBIX COOBITHII COCTOUT M3 ABYX MCX0J0B: I'—«BbIman repo», P—
«BbIMana penikay, T. €. Q={I",P}.

2) Bpocanue wurpambHOW KOCTH, T.€. KyOHMKa, CHEIaHHOTO W3 OJHOPOTHOTO MaTepuana, TpaHH
KOTOpOro 3aHyMmepoBaHbl IH¢ppamu 1,2,3,4,5,6. Uncino o4ykoB, BBINABIIEe NPH OpOCAHWM HIPaJbHOH KOCTH —
uudpa Ha BepxHeH rpaHu KyOuka. [IpoctpancTBO 31eMeHTapHbBIX coObituii Q={1,2,3,4,5,6}. CobbiTHe Y-
«BBINAJIO YETHOE YHCIIO» COCTOUT M3 TPEX UCXOMAOB, T. €. U={2,4,6}. Cuuraem, uto Y HACTYNMUIIO, €CIIH BBHINAIO
1160 2, 6o 4, 6o 6.

B 3aBucHMMOCTH OT 3a/laud B OJHOM M TOM JX€ OSKCHEPHMCHTE MOXXHO IO-pa3HOMY BBIOHMpPATHh
MIPOCTPAHCTBO AJIEMEHTApHBIX cOObITHH. Tak, mpu OpOCaHUM MIPalbHOM KOCTH, €CJIM HAC MHTEPECYET JIUIIb TO,
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9TO BBINATO YETHOE WM HEYETHOE 4mcio, MoxkHO cumtath Q={U,H}, rne U={uernoe uncno}, H={neuernoe
YHCIIO}.

3) Ilpumep mpoCTpaHCTBA C HECYETHBIM HYHCIOM JJIEMEHTApHBIX COObITHIL. IlycTh ecTh HMpOBOIOKA
ﬂHMHOﬁ, HanpuMmep, 1 METp. \Y 8¢ pacTaruBaeM €€ 3a KOHIIBI, B PE3YJIbTATE YE€Tr0 IMIPOUCXOOUT pa3phiB B KaKoM-TO
TOYKe. MHOKECTBO UCXOJ0B - 9TO BCE TOUKU Ha IPOBOJIOKE, KOTOPbIE MATEMAaTHYECKH MOXKHO 3aJaTh OTPE3KOM
[0,1], T. e. U=[O,1], a kaxknoMy HCXOZy 4 COOTBETCTBYET KOOPJIHHATAa TOUKH Pa3phIBa.

Onp.6. Cymmoii 08yx codovimuii A u B (0603Ha4gaercs A+B) Ha3pIBaeTCA COOBITHE,
COCTOSIIIIEE U3 BCEX MCXO0B, BXOIAIMX 100 B A, 1100 B B.

Hpyrumu crnoBamu, mon 4A+B TOHIMAIOT cIenyromiee COOBITHE: MTPON3O0ILI0 MIIN
coOpITHE A, MK cOOBITHE B, MO0 OHU MPOM3OLLTN OJHOBPEMEHHO, T. €. MPOM30ILIO XOTS
ObI OHO U3 cOOBITHI 4 Mian B.

Onp.T1. [Ipouszeedenuem osyx cobvimuii A u B (00603HavaeTcs AB) Ha3bIBacTCS
COOBITHE, COCTOSIIEE U3 TEX UCXOA0B, KOTOPBIE BXOJST KaK B A, Tak U B B.

WnpiMu cnoBamu, AB o03HadaeT COOBITHE, NPH KOTOpOM coObitust A u B
HAaCTYMNaloT OJJHOBPEMEHHO.

Onp.8. Pasnocmvio 08yx cobvimuti A u B (obo3navyaercsi A—B) Ha3bIBaeTCs
coOBITHE, COCTOAIICE U3 UCXOIOB, BXOASIINX B A, HO HE BXOIAIINX B B.

CwMmeIca coOBITHST A—B COCTOUT B TOM, YTO COOBITHE A HACTYHAeT, HO MPH 3TOM
HE HACTyIaeT COOBITHE B.

Onp.9. Cummempuueckou pasHocmuio 08yx coovimuti A u B (o6o3Havaercs A4B)
Ha3bIBACTCS COOBITHE, COCTOSAIIEE U3 NCXOMIOB, BXOIIIINX B A WM B B, HO HE BXOAALINX B
A 1 B OIHOBPEMEHHO.

CwMbic coObiTust A4B COCTOUT B TOM, 4TO COOBITUS A M B HACTyNawT, HO HE
OJIHOBPEMEHHO.

Onp.10.  Ilpomusononosicheim  (Oononnumenvuvim)  Oas  cobvimus A
(o603Hauaerca A) Ha3bIBaeTCs COOBITHE, COCTOSIIEE U3 BCEX HCXOJ0B, KOTOPBIE HE BXOAT
B A.

Hacrymyienue coObiThs A 03Ha4aeT NpocTo, 4To COOBITHE A HE HACTYTIUJIO.

IMpumepsl. ITycts mpu GpocaHWM WTpaTbHON KOCTH A-«BBITANIO0 YETHOE YHCIIO», B-«BBIANO YHCIO
kpatHoe Tpem». Torna: A+B={2,4,6}+{3,6}={2,3,4,6},

AB={2,4,6}{3,6}={6},
A4-B={2,4,6}-{3,6}={2,4},
AAB={2,3,4},

A={1,3,5}.

Onp.11. CoOBITHS Ha3BIBAIOT HECOBMECHHbIMU, SCITH TIOSBICHHE OJHOTO M3 HHUX
HCKJIFOYACT MOSIBIICHHUE APYTUX COOBITHIA B OJTHOM M TOM K€ UCIIBITAHHH.

IMpumepsr: 1) U3 smuka ¢ geransMu Hayjaady W3BIedeHa JieTanb. [1osBIeHNe CTaHIApTHOW JieTanu
HUCKIIIOYACT ITOSBJICHUC HeCTaHHapTHOfI JeTaliu. CoOBITHSL «IIOSIBUIIACH CTaHgapTHas [OCTajlb» U «IOsBUJIACH
HECTaHOAapTHAas1 AC€TAJIb)» — HECOBMCCTHBIC.

2) Bpomena monera. IlosBneHne «repba» HMCKIIOYaeT MosiBieHHe Haanmuch. COOBITHS «IIOSBUIICS
rep6» " «IIOSABHUJIACH HAAIIUCH» — HECOBMECTHBIC.

Onp.12. Heckonbko COOBITHI 00pa3ylOT noiwyio epynny, €Clid B pe3yjbTaTe
WCTIBITAHUS TTOSIBUTCSI XOTS OBI OJTHO M3 HUX.

Jpyrumu ciaoBamu, MOSBICHHE XOTS OBl OJHOTO W3 COOBITHI IOJTHON TPYIIIBI
€CTh JOCTOBEpHOE coObITHe. B wacTHOCTH, eciu cobvimus, obpasyowue noaHy pynny,
NONApHO HeCo8MeCMmHbl, MO 8 pe3yibmame UCHbIMAHUA NOABUMC OOHO U MOJBLKO 00HO U3
omux cobvimuil. ITOT YaCTHBIM CiIydail NpeacTaBisieT Uil HacC HauOOJBIIMK HMHTEpec,

TMOCKOJIbKY UCIIOJIB3YCTCA AaJice.



Ipumep. CTpenok mpoussen BeICTpen Ho nemd. O0A3aTenbHO IPOU30HAST ONHO U3 CICAYIOMUX ABYX
COOBITHIA: TIOIAZIaHKE, TTPOMaX. DTH JIBa HECOBMECTHBIX COOBITUS 00Pa3yIOT MOJIHYIO TPYIIITY.

Onp.13. CoObITHS HA3BIBAIOT PABHOBO3MONCHLIMU, €CIHH €CTh OCHOBAHHSI

CYHTaTh, YTO HU OJ[HO M3 HUX HE SIBIIAETCS 00JIee BO3MOXKHBIM, YeM JPYroe.

Hanpumep. ITosiBneHne «rep6a» ¥ MOsIBICHHE HAJIUCH IPU OPOCAHUN MOHETHI — PaBHOBO3MOXHbIE
coObITHA. JleHCTBUTENBHO, MPEANONAraeTCsl, YTO MOHETa HM3TOTOBJIEHA W3 OIHOPOJHOTO MaTepHasa, HMMEeT
HPaBIIBHYIO LMIMHIPUYECKYIO GOPMY M HaJIM4He YeKaHKU He OKA3bIBACT BIIMSHHS HA BBIIAJCHHE TOW WIM HHOM
CTOPOHBI MOHETHI.

Bonpoc 2.2 Knaccuueckoe onpege/ieHHe BePOSITHOCTH

Beposamnocmb—o0OnHO W3  OCHOBHBIX TIOHSATUH  TEOpUUM  BEPOATHOCTEH.
CymecTByeT HECKOJIBKO OTIPEeNICHI 3TOro MoHATH. [IpuBeneM onpeneneHne, KOTOpoe
Ha3bIBAIOT KIACCHYECKUM.

Paccmorpum mpumep. [lycTh B ypHEe comepKHTCS 6 OJMHAKOBBIX, TINATEIBHO
NepeMelIaHHbIX [IapoB, NMPHYEM 2 W3 HUX — KpacHele, 3 — CHHUE M 1—OeJbIi.
O4eBHIHO, BOBMOXKHOCTh BBIHYTh HAayAady U3 YpHBI LIBETHOU (T.€. KPacHbIM WM CHHUN)
miap OoJibllie, YeM BO3MOYKHOCTB M3BJI€Yb Oenblil map. MOKHO JH 0XapaKkTeph30BaTh 3Ty
BO3MOXKHOCTh 9HCIOM? OKa3bpIBaeTCs, MOKHO. DTO YHCIO M Ha3BIBAIOT BEPOSTHOCTHIO
cOOBITHS (TTOSBIICHHS IIBETHOTO IIapa).

Takum 00pa3oM, seposamuocms ecmb 4YuUCio, Xapakmepusyrujee CmeneHs 603-
MOIACHOCMU NOSABLEHUSL COOLIMUAL.

[MocraBuMm mepen coboif 3amady OaTh KOJMYECTBEHHYIO OLEHKY BO3MOJKHOCTH
TOTO, YTO B3ATHI Haymady mmiap nBeTHoW. [losBieHHMEe IBETHOro Immapa OyzeM
paccMaTpuBaThL B KA4Y€CTBE CO6LITI/IH A. Ka)KILI:-Iﬁ 13 BO3MOXXHBIX PE3YJIbTATOB UCIBITAHUSA
(ucmipITaHME COCTOWT B M3BJICUEHHWHM IIApa U3 YPHBI) HA30BEM 3IeMEHMAPHbIM UCX0O00M
(a1emenmapHvimM codbimuem). INeMEeHTapHbIE UCXO0bI 0003HAYUM Yepe3 M1, M2, ®3 U T. .
B Hamiem npumepe BO3MOXXHBI CIEIYIOIIUE 6 DIEMEHTAPHBIX HCXOJOB: M1— IOSBUIICS
Oenblil map; M, M3 — TOSIBWICS KPAaCHBIM Iap; 4, M5, g — MOSIBUICSA CHHUHU Imap.
Jlerko BHIETH, YTO 3TH HCXOABI OOPa3yIOT IOJIHYIO TPYMIYy IOMapHO HECOBMECTHBIX
coObITHIT (00S3aTENHPHO TOSBUTCA TOJNBKO OAWH INAp) W OHHU PAaBHOBO3MOXHEI (Imap
BEIHMMAIOT Haylady, IIapbl OUHAKOBHI U TIIATEIHHO TIEPEMEIIaHEI).

Te ameMeHTapHBIC UCXOBI, B KOTOPBIX MHTEPECYIOIIee HAC COOBITHE HACTYIIACT,
HA30BeM  Onaconpusmcmeyrowumy  smomy  cobwimuro. B~ Hamem  mpuMmepe
ONMarompusATCTBYIOT COOBITHIO A (TIOSBJICHUIO IIBETHOTO IIapa) CIEAYIONIHE 5 MCXOJO0B:
®2, M3, W4, W5, W6.

Takum 00pa3om, coObITHEe A HAOIIOAETCsl, €CITU B UCIIBITAHUN HACTYIAET OJIMH,
0e3pa3InyHO KaKOH, M3 AIIEMEHTAapHBIX HCXOJIOB, OJIATONPUATCTBYIOMNX A; B HalleM
npuMepe A HaOJIIOIaeTCsl, €CJIM HACTYMUT M2, WIH 3, HIU M4, WX ©5, WIA ©s. B 3TOM
CMBICIIE COOBITHE A TOApa3AemsieTcs Ha HECKOJBKO AIIEMEHTAPHBIX COOBITHH (M2, 3, M,
s, (6); DJIEMEHTapHOE Xe& COOBITHE HE TOoApa3jelseTcsl Ha Apyrue coObITHs. B aTom
COCTOUT pa3IN4He MEXIY COOBITHEM A W 3JIEMEHTapHBIM COOBITHEM (3JIEMEHTapHBIM
HCXOJIOM).

OrtHoreHue yncia 0JaronpHusTCTBYIOIIMX COOBITHIO A JIEMEHTAPHBIX HCXO0JI0B K
nX 0o0ILIeMy 4YMCITy Ha3bIBAlOT BEPOSTHOCTBIO COObITHS 4 M oOo3HauaroT yepe3 P(4). B
paccMaTpuBaeMOM  IIpUMEpPE  BCEro  JJIEMEHTapHbIX HCXOAOB ©6; W3 HHUX 5
OnaronpusTCTBYIOT coOBITHIO A. CleoBaresibHO, BEPOSTHOCTh TOTO, YTO B3STHIH MIap
OKaXXeTCs IBETHBIM, paBHa P(A) = 5/6. DT0 YHCIO U JAET Ty KOJMYECTBEHHYIO OLEHKY
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CTETICHN BO3MOKHOCTH TIOSIBJICHHS IIBETHOTO IIapa, KOTOPYIO MBI XOTesu Haiitu. Jlamum
TETeph ONPEAEIEHUE BEPOATHOCTH.

Onp.l.  Beposmnocmvio  cobvimus A  Ha3pIBAIOT  OTHOLICHWE  YHCIA
ONMarompUATCTBYIOIUX  STOMY  COOBITHIO HCXOJOB K  O0meMy dYHCIy  BCeX
PaBHOBO3MOXHBIX HECOBMECTHBIX JJIEMEHTAPHBIX HCXOJOB, OOPa3yIOUINX IOIHYIO
rpymiy.

. m
Urak, BeposATHOCTh coObITHS A ompernensercs ¢opMyioil P(A)=—, rme m —
n

YHCIIO 3JIEMEHTapHBIX MCXO/0B, OJIArONPUATCTBYIONNX A; N — YUCIO BCEX BO3MOMHBIX
3JIEMEHTAPHBIX UCXOJI0B UCIIBITAHMUS.

3mecs  Npenmnojaraercs, 4YTO  JJEMEHTapHble  HCXOJAbl  HECOBMECTHBI,
PaBHOBO3MOXHBI M 00pa3yloT MOJIHYIO rpymniry. M3 onpeneneHns BEPOSITHOCTH BBITEKAIOT
CJIEAYIOIINE €€ CBOMCTBA!

CBoiicTBO 1. BeposTHOCTE TOCTOBEpHOTO COOBITHS paBHA €AWHUIIC.

JlefiCTBUTENBHO, €CII COOBITHE TOCTOBEPHO, TO KAXKIBIA 3JIEMEHTapHBIH HCXOX
UCTIBITAaHHS OJIAarONpHATCTBYET COObITHIO. B 3TOM cimydae M=N, ciegoBaresbHO,

pay="-"_1
n n

CBoiicTBO 2. BeposSTHOCTh HEBO3ZMOKHOTO COOBITHS PaBHA HYIIIO.

JeiicTBUTENBHO, €Ci COOBITHE HEBO3MOXKHO, TO HH OJMH U3 DJIEMEHTapHBIX
HCXOOB HCMBITAHUS HE OJAarompuiATCTBYeT COOBITHIO. B 3tomM cimydae m=0,
CIIEI0OBATENBHO, P(A)= m_ 0 =0.

n n

CBoiicTBO 3. BeposATHOCTD CITy4aifHOTO COOBITHSI €CTh TOJOXKHUTEIFHOE YHCIIO,
3aKITIOYCHHOE MKy HYJIEM U eIIHHIICH.

JleliCTBUTENIFHO, CIIy9alHOMY COOBITHIO OJAarompHATCTBYET JHIIb YacTb U3
00IIero 4mcia 3JIEeMEHTApHBIX HCXOIOB HCIBITaHUA. B ATOM ciiysae O<m<n, 3HAYHT,

0< n <1, cienoBareiyibHO, 0< P(A) <1
n

WTak, BEpOSITHOCTH JIFOOOTO COOBITHS YAOBJIETBOPSAET JBOWHOMY HEPABEHCTBY
0<P(A)<1.
Bonpoc 2.3 OTHOCUTeIbHAS YACTOTA. Y CTOHYMBOCTh OTHOCUTEJILHOM YaCTOTHI

OTHOCHTENIbHAS YaCcTOTa HAPSIAy C BEPOSTHOCTHIO MPHHAUIC)KUT K OCHOBHBIM
MTOHSATHUSIM TCOPHH BEPOSTHOCTEH.

Ommnocumenvrotl uacmomoti COOBITUS HA3bIBAIOT OTHOIICHHWE YMCIIA UCIIBITAHUH,
B KOTOpPHIX COOBITHE TMOSIBUJIOCH, K 0OHmeMy 4YHCITy (aKTHYECKH MPOU3BEICHHBIX
ucnbiTanui. TakuM 00pa3oM, OTHOCHUTENbHAs 4YacToTa COOBITUS A ompejaenseTcs

. m N
dbopmynoit W(A)=—, T M — YHUCIO TOSBIEHUU COOBITHS, N — o0OIee YUCIO
n

HCIBbITAaHUH.

ConoctaBnsisi  ONpeAeNeHUs] BEPOSTHOCTH M OTHOCUTENIbHOM  4YacTOTHI,
3aKJTI0YaeM: OMpPEJICIICHHE BEPOSTHOCTH He TpeOyeT, 4TOObI UCTIBITAHHS TTPOU3BOIMINCH B
JIEHCTBUTEIILHOCTH;, ONpEIEICHHE € OTHOCHTEIHHOW YacTOTHl MpearojiaraeT, dYTo
WCTIBITaHUsI ObUTM TpOM3BEeACHB (akTHUecKu. JIpyruMu CiloBaMH, BEpOSITHOCTHh
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BBIYHCIISIOT 10 OIBITA, 8 OTHOCHTENIBHYIO YaCTOTY—IIOCIIE OITBITA.
IMpumep 1. Otaen TeXHUYECKOTO KOHTPONS OOHAPYXKHWI 3 HECTAaHJApPTHBIX [ETald B
naptuu 3 80 cirydaifHo oToOpaHHBIX Aeraneld. OTHOCHTENbHAS 9acTOTa MOSBICHUS HECTaHAAPTHEIX

3
neraneit W(A)=—.
N =5
IIpumep 2. [lo nenu mpousBenu 24 BpICTpena, mpuyeM OBLIO 3aperHCTpUpoBaHO 19
19
nonaganuid. OTHOCHTENbHAS YacToTa mopaxxeHus uemn W (A) = e

3aaun HemocpeACTBEHHOT0 BLIYHMCJIEHUSI BEPOSITHOCTEH

3aoaua 1. Habupas Homep TenedoHa, abOHEHT 3a0bu1 oaHy 1Mpy U Habpan ee
Hayzaady. HaliTi BepoSTHOCTB TOTO, 4TO HaOpaHa Hy>kHas [udpa.

Pewenue. Obo3HaunM uepe3 A coOpiTHe — HaOpaHa HyxHas muppa. AGOHEHT
Mor Habparts modyro u3 10 mudp, mosTomy obliee YMCIO0 BO3MOKHBIX 3JIEMEHTapHBIX
nucxozoB paBHO 10. DTH MCXOIBI HECOBMECTHBI, PABHOBO3MOXKHBI U 00Pa3ylOT MOJIHYIO
rpymiy. braronpuarctsyer coObITHIO A JHIIB OAWH UCX0[ (HyXHas IH(pa UMb OTHA).
Hckomast BepOSTHOCTh paBHA OTHOIICHHWIO YHCIA HMCXOJZOB, OJIAarONpPHATCTBYIOUIMX CO-

1

OBITHIO, K YUCITy BCEX MIEMEHTAPHBIX HCXOMO0B: P(A) = o

3aoaua 2. Habupas HoMmep TenedoHa, abOHEHT 3a0bUT HOCIEaHUE ABE MUDPHI H,
MIOMHSI JINIIB, YTO 3TH LU(PBI pa3nuyHbl, HaOpan ux Hayaady. HaliTu BeposTHOCTB TOTO,
4T0 HaOpaHbI HY>KHbIE U(PHI.

Pewenue. O603Ha4nM uepe3 B coObiTHe — HaOpaHbl JBe HY»X)HbIe U(PHL. Beero
MOXHO Ha0paTh CTOJBKO pPAa3IMYHBIX IU(pP, CKOJIBKO MOXET OBITh COCTABIECHO
o 9.10=90. Takum obpazom,
(20-2)
o01ee YMCI0 BO3MOKHBIX AJIEMEHTAPHBIX UCX0/10B paBHO 90. DTH NCXObI HECOBMECTHBI,
PaBHOBO3MOXHBI M 00pa3yloT MOJHYIO Tpymiy. bmarompusrctByer coObiTHioO B numb
OIMH WcxoA. VckoMass BEpOSATHOCTh paBHAa OTHOLIGHHIO YHCJIA KCXO/O0B, Ojaro-
MIPUATCTBYIOIINX COOBITHIO, K YHCITY BCEX AIEMEHTAPHBIX UCXOJ0B: P(B) = g_lo

Ipumep 3. B maptuu u3 10 geraneit 7 crangapTHbiX. HallTH BepoOsATHOCTHL TOTO,
YTO CPEeMH IIECTH B3ATHIX HayAady JeTajieil 4 CTaHAapTHBIX.

Pewenue. O01IEe YMCIIO BO3ZMOXKHBIX 3JIEMEHTApHBIX UCXOJIOB UCIIBITAHUS] PABHO
YHUCITy CITOCOOOB, KOTOPBIMH MOKHO H3BJIeUb 6 metaneit u3 10, T. c. YUCIy coUeTaHUH U3
_10 5.
6!(10—-6)!

OmpenenyM YHCIO HCXOJOB, OJAarONPHUATCTBYIOIIMX HWHTEPECYIOIIEMY Hac
coObITHIO A (cpenu ImIecTH B3ATHIX JAeTaned 4 craHaapTHHIX). UeTblpe cTaHmapTHbHIC

7
9TOM OCTajbHBIE 6-4=2 JneTanu [OJDKHBI OBITh HECTaHAAPTHBIMH; B3STH JKe 2
3 _3

21(3-1)!
cnocobamu.  CreioBaTeNbHO,  YHMCJIO  OJArONpUSTCTBYIOUIMX  HCXOJOB  PaBHO

pasMelieHnid U3 JOeciATH IUQp 1o IBe, T.C. Afoz

10 snemenToB 1o 6 amemenToB ( Cf) =

JACTaJIn MOXKXHO B3ATb U3 CEMU CTAHAAPTHBIX ,Z[eTaﬂCﬁ C;‘ = =35 CHOCO6aMI/I; npu

HECTAHIAPTHBIE JeTanu u3 10-7=3 HecTaHIAPTHBIX AeTaneidl MOXKHO CF =
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C#.C2 =35.3=105.
HckoMass  BEepOSTHOCT, paBHA  OTHONICHWIO YHCJIa HMCXOJIOB, OJlaro-

TIPUATCTBYIOIUX CO6LITI/IIO, K quciry BCEX OJIEMEHTAPHBIX HUCXOO0B:
ct.cZ 105 1
P(A)="L 2=
cf 210 2

IIpakTHyeckue 3aJaHus 10 TeMe

2.1. B smuke 50 onuHAKOBBIX AeTallei, U3 HUX 5 OKpameHHbIX. Haynauy BEIHUMAIOT OJHY
netanb. HaliTh BeposITHOCTE TOTO, UTO M3BJIEUEHHAs JIeTallb OKaXKETCST OKPAIICHHOH.

2.2. bpomieHa urpanbHast KOcTb. HaliTu BEpOSITHOCTB TOTO, YTO BBIIAJET YETHOE YHUCIIO.

2.3. YyacTHHK XepeObeBKH TSIHYT 3 SIIUKa KETOHEI ¢ HoMepamu oT 1 mo 100. Haifti
BEPOATHOCTH TOTO, YTO HOMEP MEPBOTO HayJady M3BIEYEHHOTO JKETOHA HE COJEPIKHUT IU(PHI 5.

2.4. Baytps kpyra pagmyca R Haymauy OpomreHa Touka. HailTu BEepOSTHOCTH TOTO, YTO
TOYKa OKaKETCS BHYTPU BIHCAaHHOTO B Kpyr ksazapata. Ilpexmomaraercs, 9TOo BEpOSTHOCTH
MOMaJaHus TOYKU B KBAJPaT MPOMOPIHOHATEHA IUIOMAAN KBapaTa U HE 3aBUCHT OT PACIIONOKEHHS
OTHOCHTEIBHO KpyTa.

2.5. BHyTpb KBagpaTa co CTOPOHOH @ Hayaady OporieHa Touka. Haiitu BeposiTHOCTH TOTO,
YTO TOYKA OKaXETCS BHYTPH BIIMCAHHOTO B KBajpar Kpyra. [Ipeamomaraercs, 4To BepOSTHOCTh
NoNaJaHus TOYKH B KPYr IIPONOPHMOHATbHA IUIOIAAM KPyra M HE 3aBUCHT OT PACIIOJIOKEHHS
OTHOCUTEIILHO KBaJpaTa.

2.6. B xonBepre cpenn 100 porokapTouex HaXoquTCs OJHA pa3bickuBaeMas. 13 koHBepTa
Hayzady u3BiedeHs! 10 kaprouek. HaliTi BepoSATHOCTB TOTO, YTO CPEIU HUX OKAXKETCS Hy)KHasI.

2.7. Ha cxnage umeercsi 15 xuHeckonoB, npudeM 10 u3 HUX H3rOTOBIECHHI JIbBOBCKUM
3aBoJoM. HaliTH BEpOsTHOCTH TOTO, YTO CpPeaM 5 B3ATHIX HayJady KHHECKOIOB OKaxyTcs 3
KHHecKona JIBBOBCKOIO 3aBOJa.

2.8. B rpynne 12 cryneHToB, cpeau KOTOpbIX 8 oTiauuHMKOB. Ilo chucky Haymauy
otobpanel 9 cryneHToB. HaiiTH BepoOSTHOCTH TOro, 4YTO CpeAM OTOOpPaHHBIX CTYAEHTOB 5
OTJINYHHUKOB.

2.9. B maprum w3 100 geranmeil OTHEN TEXHUYECKOTO KOHTPOJIA OOHApYXKWI 5
HECTaHAAPTHBIX JeTaneil. YeMmy paBHAa OTHOCHTENbHAas 4YacTOTa TIIOSBICHHS HECTaHAAPTHBIX
neranen?

2.10. ITo memu mpomsBeneHo 20 BBICTPENOB, MPUYEM 3apETUCTPUPOBAHO 18 momamaHmid.
HaiiTi oTHOCHTENBHYIO YaCTOTY TONAAAHUHN B LIETb.

2.11. Ilpu cTpenbbe U3 BUHTOBKHM OTHOCHTENBHASI YacTOTA MOMAJaHMs B LIEJb OKa3ajlach
pasHoii 0,85. Haiitu uncio nonaganui, eciu Bcero Obuto npousseneHo 120 BBICTPEIOB.

2.12. Tlpy WCHIBITAHMM TAPTHU NPHOOPOB OTHOCUTENBHAS YACTOTa TOJHBIX MPUOOPOB
okazanmack paBHod 0,9. HailiTm ymcno romHelx npubOopoB, eciau Bcero Obuio mpoBepeHo 200
puboOpoB.

2.13. Ha mutockocTr Ha4epdeHBb! J[Be KOHIIEHTPHUECKHE OKPYKHOCTH, PAHyChl KOTOPBIX
paBabl 5 1 10 cM. HaliT BepOATHOCTh TOTO, YTO TOYKA, OpONICHHAs Ha yAady B OONBIION KpyT,
MomajeT Tak kK€ M B KOJBIO, OOpa3’0BaHHOE ITUMH OKPYXKHOCTIMH. IIpeamomaraercs, d9To
BEPOSTHOCTH MOMAJaHKs TOYKHU B IUIOCKYIO (GUTYpy MPOMOPLUUOHATBHA TUIOIAAN 3TOM GUrypsl 1 He
3aBUCHT OT €€ PacCIOJIOKEHHUS.

Tema 3. Ci1osxeHHEe BepOATHOCTENH
Bomnpoc 3.1 Cio:keHne BepoSITHOCTel He3aBUCHMBIX COOBITHIT
Cymmoun A+B 06yx cobvimuii A W B Ha3pBalOT COOBITHE, COCTOAILICEC B
MOSIBJICHUM COOBITHS A, Mian cOObITHS B, nim 000MX 3THX COOBITHIA.
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Hampumep, ecnu U3 opynus MPOU3BEACHBI JBa BBICTpPENIa U A—TIONIafaHue MIPU
TIEPBOM BBICTpEJE, B—TIonaganue Mpu BTOPOM BEICTpene, To A+B — TonagaHue Mpu
MIEPBOM BBICTpEIe, WIIA IPU BTOPOM, HIIH B 00OUX BEICTpETIax.

B uwactrocTH, eciu a8a coObitisa A 1 B — HecoBMeCTHBIE, TO A+B — coOBITHE,
COCTOSIIIee B IOSABIICHUH OJHOTO M3 3THUX COOBITHI, 6€3pa3ImyHO KaKoro.

Cymmoti  HeckObKUX cobbimuil Ha3bIBAIOT COOBITHE, KOTOPOE COCTOMT B
MOSIBJICHUH XOTS OBl OJJHOTO M3 3TUX COOBITHIA.

Hanpumep, cobbitnie A+B+C COCTOMT B TOSBICHHU OJHOTO U3 CICAYIOIIMX
cobprtuii: A, B, C, AuB AuC, BuC AuBuC.

Ilycts coObiTHsI A U B—HecOBMeCTHBIC, IPUYEM BEPOSTHOCTH ITHX COOBITHI
u3BecTHBI. Kak HaliTH BEPOSATHOCTH TOTO, YTO HACTYMHUT JHOO0 cOObITHE A, THOO COOBITHE
B? OtBet Ha 3TOT BOIIPOC JTa€T TEOpPEMa CIIOKCHHUS.

Teopema. BeposTHOCTD MOSBICHHUA OJHOTO W3 IBYX HECOBMECTHBIX COOBITHIA,
0e3pasIuyHO KaKoro, paBHA CYMME BEPOSTHOCTEH 3THX coObITUi: P(A+B)=P(A)+P(B).

Jloxazamenvcmeo. BBemem o0003HaueHHs: N—o0Iee YKHCIO BO3MOKHBIX
3J'IeMeHTapHI)IX HUCXOO0B HUCIIBITAHUA, M1 — YHCIIO0 HUCXO0J0B, 6J'IaFOHpI/IHTCTByIOHII/IX
.COOBITUIO A; Mp,— YKCIIO UCXOJ0B, OJArONPUITCTBYIONUX COOBITHIO B.

Uucno sJeMEHTapHBIX HCXOMOB, OJAarompHATCTBYIOIIMX HACTYIJICHHIO JHO0
COOBITHSA A, 100 COOBITHS B, paBHO mp+ma. CrnenoBarelibHO,

P(A+B) :@ :%+% = P(A) + P(B).

CnencrBue. BeposTHOCTh TMOSIBICHUS OJHOTO W3 HECKOIBKHX IOMApHO
HECOBMECTHBIX COOBITHI, O0€3pa3IuYHO KAaKOro, paBHA CYMME BEPOSITHOCTEH OTHUX
COOBITHIT: P(Aj+ A +...+ A ) = P(A) +P(Ay) +...+ P(A).

3aoaua 1. B ypue 30 mapoB: 10 kpacHbiXx, 5 cuHux u 15 OGenpix. Haiitu
BEPOATHOCTDH NOABJICHUA IBETHOTO 1Iapa.

Pewenue. TlosiBieHWe IBETHOTO IIapa O3HAYaeT MOSBIACHHUE OO KPacHOro,
100 CHHEro Iapa.

BeposTHOCTh MOsIBIIEHHST KPAcHOTO 1apa (cobbitue A) P(A) = % = %

5 1
30 6

CoObiTust A M B HecoBMeCTHHI (IOSIBIICHHE IIapa OJHOTO I[BETa HCKIHOYAET

MOSIBJICHHE IIapa APYroro IBETa), MO3TOMY TeOpeMa CI0KESHUS MPUMEHUMA.

BeposTHOCTB MOsIBIICHHs CHHETO 1apa (cobbiTue B) P(B) =

HUckomas BepoaTtHocTh P(A+B) =P(A)+ P(B) = % + % = %
3a0aua 2. Crpeynok cTpenser IO MHUILIEHH, pa3/ielleHHOHW Ha 3 obusactu.
BepositHocTh momananus B nepBylo obsacte paBHa 0,45, Bo BTopyro — 0,35. Haittu

BEPOSITHOCTh TOT'O, YTO CTPEJIOK TP OJJHOM BBICTpEJie HonaJeT JU0o B MepByI0, TM00 BO
BTOPYIO 00J1aCTh.

Pewenue. CoObITHI A—«CTPENOK IOTAT B MEPBYIO OONACTB» U B—«CTPEIOK
ToTajl BO BTOPYIO 00JIacTh» — HECOBMECTHHI (IOMalaHue B OJHY 00JacTh HCKIIOYAeT
NomnajgaHue B APYyryio), MO3TOMY TeOpeMa CI0KEHHS TPUMEHHMA.

HUckomas BepostHocts P(A+ B) = P(A) + P(B) = 0,45+ 0,35 = 0,80.
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Bonpoc 3.2 IToanasi rpynmna coobITHii

Heckonbko coObITHI 00pa3yroT noauylo epynny, €Ciii B pe3yiabTaTe WUCTIBITaHUS
MOSIBUTCS XOTS OBl OHO U3 HUX.

Teopema. Cymma BeposSTHOCTEH COOBITHI A1, A2, ..., Ak, 00pPa3YIOMINX ITOJHYIO
rpynmy, paBHa exuHune: P(A)+P(Ay)+...+P(A) =1.

Hoxazamenvcmeo. Tak Kak IOSIBICHWE OJHOTO M3 COOBITUH IIOJHOW TPYIIIBI
JIOCTOBEPHO, @ BEPOSITHOCTh JOCTOBEPHOT'O COOBITHS paBHA EIUHHUIIE, TO

P(A+A+..+A) =1 (3.1)

JlroOble 1Ba COOBITHS TIOJNHOM TPYIIBl HECOBMECTHBI, IO3TOMY MOXHO
MPUMEHUTH TEOPEMY CIIOKECHUS:

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

CpasruBasi (3.1) u (3.2), moryaum P(A) +P(Ay)+...+ P(A) =1.

3a0aua 1. KOHCYTPTaMOHHBIA IYHKT WHCTUTYTa IIONy4aeT TAaKeThl C
KOHTPOJBHBIMH paboTamMu W3 roponoB A, B u C. BeposATHOCTs MONYYCHHS MakeTa U3
ropoza 4 pasHa 0,7, u3 ropona B —0,2. HaiiTu BEposSTHOCTb TOTO, YTO OYEPETHON MAKET
Oynet monyueH u3 ropozaa C.

Pewenue. CoObITUSI «MTaKeT MONYYEH W3 Topojia A», «IMakeT MOJy4YeH U3 ropoja
B», «naker momydeH u3 ropoaa C» o0pa3ylT MOJHYIO TpyMIy, MO3TOMY CcyMMa
BepOﬂTHOCTei/'I STHX COOBITHIA paBna enunune: 0,7+02+P(C)=1 OTcroga HCKOMas
BeposATHOCTL P(C)=1-0,9=0.1.

Bonpoc 3.3 IIpoTuBONOI0:KHBIE COOLITHS

IlpomusononosicubimMu Ha3bIBAIOT JIBA €JMHCTBEHHO BO3MOXHBIX COOBITHS,

oOpasyromux MoyHyl Trpynny. Ecim ogHO W3 ABYX MPOTHUBOMOJOXHBIX COOBITHI

0003HaueHO uepe3 4, TO IPyroe MpUHATO 0003HAYATh A.

IMpumep 1. TTonagarne u IpomMax NpH BBICTpPEIE MO TN — MPOTHBOIOIOKHBIE coObITHA. Ecin 4 —
nonaganue, To A — npomax.

HpHMep 2. U3 SIIMKa Haydady B3dATa ACTallb. CO6BITT/IH «ITIOsIBHJIACh CTaHAapTHasA MA€TalIb» H
«IOBUJIACh HECTAaHAAPTHAs A€TalIb» — IIPOTHUBOIIOJIOXKHBIC.

Teopema. Cymma BepOsSTHOCTEH MPOTHBOIOJIOKHBIX COOBITHH paBHa €IMHUIIE:
P(A)+P(A) =1.

Hoxazamenvcmeo. TIpoTnBONONIOXKHBIE COOBITHS O0Pa3yIOT IMOJHYIO TPYMILY, a
CyMMa BEPOSTHOCTEH COOBITHI, 00pa3yIOIIKX MONHYIO IPYMIly, papHa eauHuue (cu. 3.2).

3ameuanue 1. Ecan BepOATHOCTH OJHOTO U3 JIByX NPOTHBOIIOJIOKHBIX COOBITHIA
0003HaYeHa 4Yepe3 p, TO BEPOSITHOCTh APYTroro COOBITHS 0003Ha4aroT depe3 (. Takxum
06pa3oM, B CHITy IpeabIayILel Teopembl P+q=l.

3a0daua 1. BeposTHOCTH TOTO, YTO AEHb OyneT AoXmIuBbiM, p=0,7. Haiiti
BEPOSITHOCTD TOTO, 4TO JA€Hb OYAET SICHBIM.

Pewenue. CoObITHA <«JI€Hb IOXIUIMBBIH» W «JICHb SCHBIH» — TIPO-
THBOIIOJIOXKHBIE, TOATOMY HCKOMas BepositHocTh (=I-p = 1-0,7=0,3.

3ameuanue 2. Tlpu perieHnn 3a/1ad Ha OTHICKAHUE BEPOSITHOCTH COOBITHS 4 4acTo
BBITOJIHO CHAYajia BBIYHCIUTH BEPOSTHOCTh CcoObITHS A, a 3aTeM HaliTH HCKOMYHO
BEPOSITHOCTB O opmyIte

P(A) =1-P(A).
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3a0aua 2. B suwke uMeercs N meTaiei, U3 KOTOPHIX M craHmapTHBIX. Haitru
BEPOSITHOCTh TOTO, YTO cpei K Haymady W3BJIEUYEHHBIX JETajlell eCTh XOTsA OBl OJxHA
CTaHJapTHAS.

Pewenue. CoOBITHI «cpemn W3BICUCHHBIX JeTaliecli ecTh XOTs OBl OfHa
CTaHOApTHAas» M «CPeAW W3BICUEHHBIX JeTajed HeT HHU ONHOH CTaHJapTHOH» —
HpOTHBOIOJI0XKHEIE. O603HAYMM IIEPBOE COOBITHE Yepe3 A, a Bropoe—uepes A.

OueBugHo, P(A) =1- P(Z\).
Haiinem P(A). O6mee uncio crnoco6os, KOTOPBIMH MOXHO H3BIICYb K meTaseit u3

N neraneif, paBHo CX. UMCI0 HeCTAHAAPTHBIX AeTaneil paBHO N-M; W3 3TOrO YHCIA

aeTane MOXKHO C,h‘_m cocobamu W3BICYb K HecTaHmapTHHIX rertaieit. IlosTomy
BEPOSITHOCTD TOTO, YTO CPEM U3BJICUECHHBIX K JleTaneil HeT HU OJHOU CTAHIAPTHOM, paBHa

k k
P(A) =C”—T<m. HckoMast BepoATHOCTh P(A) =1—P(A) =1—C”—;m.
Ch n
Bonpoc 3.4 Teopema ci10:keHusI BEPOSITHOCTE COBMECTHBIX COOLITHI
Bbuta paccMOTpeHa Teopema CIOXKCHHs JJIsI HECOBMECTHBIX COOBITHIL. 31ech
OyleT U3JI0KeHa TeopeMa CI0KEHHS 111 COBMECTHBIX COOBITHIA.
JlBa cOOBITHSI Ha3bIBAIOT COBMECMHbIMU, €CIU TOSBICHUE OIHOTO M3 HHUX HE

HCKIIIOYACT NOABJICHUA APYTrOoro B OJHOM M TOM K€ UCIIBITAHUU.
Ilpumep 1. A — mosiBIICHHE YETHIPEX OYKOB NPH OPOCAHUM HIPATHGHOH KOCTH; B — IOSBICHHUE
4eTHOro uucia oukoB. CoObITUSI A U B — COBMECTHBIE.

[Iycts coObiTHs A 1 B COBMECTHBI, IPUYEM JTaHBI BEPOSITHOCTH THX COOBITHH U
BEPOATHOCTh MX COBMECTHOTO TOsBICHMA. Kak HallTu BepoATHOCTH coObITHA A+B,
COCTOSIIIETO B TOM, YTO ITOSIBUTCA XOTS OBl OOHO U3 coObITHH A u B? OTBEeT Ha 3TOT
BOMPOC JIaeT TeOpeMa CI0KEHUS BEPOSATHOCTE COBMECTHBIX COOBITHIA.

Teopema. BeposTHOCTh MOSIBIEHUS] XOTsI Obl OJHOTO W3 JIBYX COBMECTHBIX
COOBITHII paBHa CyMMe BEPOSITHOCTEH STHUX COOBITUN 0€3 BEPOSTHOCTH MX COBMECTHOTO
nosBieHusi: P(A+B)=P(A)+P(B)—-P(AB).

Jlokazamenvcmeo. T1ockonbKy coOBITHI A W B, TIO YCIOBHIO, COBMECTHEI, TO
coOpiTHE A~+B HACTYNHUT, €CITM HACTYIIHT OJHO W3 CIEAYIONINX TPEeX HECOBMECTHBIX

coObITHIT: AB, AB rimn AB. ITo TeopeMe CIIOKEH S BEPOSTHOCTEH HECOBMECTHBIX COOBITHIA,
P(A+B) = P(AB)+ P(AB) + P(AB). (3.3)
CoObiTHEe A TPOU30MAET, €CIM HACTYITUT OHO M3 JBYX HECOBMECTHBIX COOBITHI:
AB i AB. TTo TeopeMe CII0KeH s BEPOSTHOCTEl HECOBMECTHBIX COOBITHI HMeeM
P(A) = P(AB) + P(AB).
Otcrona
P(AB) = P(4)— P(AB). (3.4)
AHAJIOTHYHO HMEeM
P(B) = P(4B) + P(AB).
Orcrona
P(4B) = P(B) - P(AB). (3.5)
Ioxcrasus (3.4) u (3.5) B (3.3), OKOHYATEIHEHO MOIYIHM
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P(A+B) = P(A) +P(B) - P(AB). (3.6)

3ameuanue 1. Tlpu WCHONB30BAHUU TMONYYCHHON (HOPMYIBI CICAYCT UMETh B
BUJY, 4TO COOBITHS A 1 B MOTYT OBITh KaK HE3aBHCUMBIMH, TaK ¥ 3aBHCUMBIMHU.

J1J1s He3aBUCHUMBIX COOBITUI

P(A+B)=P(A)+ P(B)—-P(A)P(B).

JIy1s1 3aBUCUMBIX COOBITHI

P(A+B)=P(A)+P(B)—P(A)PA(B).

3ameuanue 2. Eciu coObiTuss A ¥ B HECOBMECTHBI, TO UX COBMECIICHHUE €CTh
HEBO3MOXXHOE COOBITHE W, cliegoBaTensHO, P(AB)=0. ®opmymna (3.6) 11 HECOBMECTHBIX
coObITHIT MpuHUMAET BUA P(A+ B) = P(A) + P(B).

MpbI BHOBB TOJYYHIH TEOPEMY CIIOKEHUS JII HECOBMECTHBIX COOBITHH. Takum
obpazoM, dopmyna (3.6) crnpaBeminBa Kak JUis COBMECTHBIX, TaK M JJISI HECOBMECTHBIX
COOBITHIA.

3adaua 1. BeposTHOCTH NoNaJaHus B IeJIb IPU CTpeapOe MEepBOr0 U BTOPOTO
opyauii cooTBeTcTBeHHO paBHbl: P1 = 0,7; P, = 0,8. HaiiTu BeposTHOCTS MOMNagaHus Ipu
oHOM 3aire (13 000uX OpyAnit) XOTs OBI OTHUM U3 OPYIHIA.

Pewenue. BeposATHOCTh TONamaHusI B LENb KKIBIM W3 OPYAHH HE 3aBUCHT OT
pe3ynbTaTta CTpelabOBl U3 IPYTOTO OpYyIUs, TMO3TOMY COOBITHS A (TomamaHue IEepBOTO
opynusi) U B (monmamaHie BTOPOTO OpYI¥si) HE3aBHUCHMBIL.

BepostHocts  coObiTH AB  (0ba  opyams ~gand  TOmMamaHWe) — —
P(AB) = P(A)P(B) =0,7-0,8=0,56.

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

Tema 4. YMHO:KeHHEe BEPOSITHOCT eIl
Bonpoc 4.1 IlpousBenerHue coObITHIA. YCI10BHAsI BEPOATHOCTH

Ipoussedenuem nByx coObITHI A W B Ha3pBarOoT coObITHE AB, cocrosmiee B
COBMECTHOM MOSIBJICHUH (COBMEIICHUH) 3THX COOBITHH.

Hanpumep, ecimn A—netans rofnas, B—aeranb okpameHHas, To 4B — JieTaib ToiHa ¥ OKpalieHa.

[TpousBeneHneM HECKONBKHX COOBITHH Ha3bIBAIOT COOBITHE, COCTOsSIIEe B
COBMECTHOM TOSIBJICHUH BCEX 3THX COOBITHH.

HaanMep, ecim A, B, C — mosBJICHUE «rep6a» COOTBETCTBEHHO B IIEPBOM, BTOPOM H TPETHEM
6pocanusx MoHeTbl, To ABC — BhInagenne «repda» Bo BCEX TPEX UCIBITAHUSIX.

CaygaiiHoe COOBITHE OTpeNeNeHO KaK COOBITHE, KOTOPOE NMPH OCYIIECTBICHHH
COBOKYITHOCTH YCJIOBHI S MOXKET NPOU30WTH WM HEe NPOU30HTH. ECiu mpu BbIYKCICHUN
BEPOSITHOCTH COOBITHS HUKAKUX JPYrHX OpaHUYCHHUi, KpOMe YCIOBHH S, HE Halaraercs,
TO TaKyl0 BEPOATHOCTh HA3bIBAIOT 0e3)YCN08HON; €CIIM JKe HaJaralTcs U ApYyTHe

JOIOJTHUTEIIbHBIC YCIIOBUA, TO BEPOATHOCTH COOBITHS HA3bIBAIOT yCﬂOGHOIZ.
Hanpumep, 49acTo BBIYUCISIOT BEPOSTHOCTH COOBITHS B NpH OMOIHHTENBHOM YCIOBHH, YTO
MIPOM30IILIO COOBITHE A.

VYcioBHOI  BepoOATHOCTHIO  P,(B) HA3BIBAIOT BEPOSATHOCTh COOBITHS B,

BBIUMCIICHHYIO B IIPEAIIONIOKEHNH, YTO COOBITHE A YK€ HACTYIHIIO.

3adaua 1. B ypue 3 6ensix u 3 depHbIX mapa. 3 ypHBI ABaKIbl BEIHUMAIOT 110
OIHOMY IIapy, HE Bo3Bpamas ux odparHo. HaliTi BepoATHOCTH MOsBICHHS O€NIoro mapa
P BTOPOM HCHBITaHWU (coObITHE B), ecau mpu mepBOM HUCHBITAHUU ObUT W3BIICYCH

YepHbIi map (coObiTre A).
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Pewenue. Tlocme mepBoro MCHBITAaHUS B YpPHE OCTAlOCh S5 I1IapoB, W3 HUX 3
6emnpbrx. MickoMas ycoBHast BEpOSTHOCTD

3
P,(B)=2-
4(B) :
DTOT K€ Pe3yJIbTaT MOKHO MOJYYHTh 10 (hopMyJie
_P(AB) (4.1)
P4(B) P (P(A) >0).

JlelicTBUTENIbHO, BEPOSTHOCTh TOSBICHHMS OeJioro Imiapa NpH TEepBOM HC-
TIBITAHUH p(A) = 3_1
6 2

Haiinem BeposTHOCTH P(AB) TOrO, YTO B NEPBOM HCIIBITAHWUU IMOSIBUTCS YEPHBI
map, a BO BTOpoM — Oenblif. O01iee 4nciio UCXOJ0B — COBMECTHOTO TOSIBJICHUS JIBYX

6!
6-2)!
9TOTO YHUCJIAa UCXOMOB COOBITHIO AB OnaronpusaTcTBYIOT 3-3=9 ucxomoB. Ciea0BaTelbHO,
P(4B) =9/30 = 3/10.
Hckomas yciaoBHas! BEpPOSITHOCTh
b @)~ PA®) o 3
PA) 15 5

Kak BuIuM, mosiydeH NpexHUH pe3yibTar.

Hcxons M3 KIACCHYECKOTO OIMpeeicHHs BeposTHOCTH, hopmyny (4.1) MoxHO
JI0Ka3aTb. OTO OOCTOSTEIBCTBO M CIY)KHT OCHOBAaHHMEM JUIs CJEIYIOIIEro ooOuero
(IpPUMEHHUMOTO HE TOJIBKO JUIsl KIIACCHYECKOW BEPOSITHOCTH) ONPEIEICHUS.

Ycnoenas eeposmnocms cobbitus B mpu ycnoBMH, 4YTO CcoObITHE A yXKe
HACTYIIUJIO, 110 ONIPEIEJICHUIO, PaBHA

P4 (B)= préf)‘) (P(A)>0).

Bonpoc 4.2 Teopema yMHOKeHUSI BepPOSATHOCTeM
Paccmorpum nBa coObITHS: A B B; mycTh BepostHOcTH P(A) 1 P,(B) H3BECTHBI
Kak HallTh BepoOSTHOCTH COBMENICHHUS 3TUX COOBITHH, T. €. BEPOSTHOCTH TOTO, YTO
MOSIBUTCS M cOOBITHE A U coObITHe B? OTBET Ha 3TOT BOMPOC JAET TEOPEMa YMHOKECHHSI.
Teopema. BepoATHOCTP COBMECTHOrO TOSBICHHS JBYX COOBITHH paBHa
IIPOU3BENCHUIO BEPOSITHOCTH OJHOIO M3 HHUX Ha YCIOBHYH BEPOSTHOCTh APYIoOro,

BBIYHMCICHHYIO B  TPEANOJIOKEHHWH, 4YTO TepBoe COOBITHE YK€  HACTYMNHIO:
P(AB) = P(A)P,(B).

=5-6=30. U3

mapos, 6e3pasIMIHO KAKOTO IBETA, PABHO YHCIY Pa3MelleHuil AZ =

Hoxasamenscmeo. 110 ONpPEICICHNIO YCTIOBHON BEPOATHOCTH, P 4 (B) = P(?B)_).
P(A

Orcrona

P(AB)=P(A)P4(B). (4.2)

3ameuanue. TlpumenuB dopmyny (4.2) k coObiti0 BA, nOIy4YnM
P(BA) =P(B)Pg(A), unu, mockonbKy coObiTie B4 He oTImM4aeTcs OT coObITus AB,

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

CpasHuBas popmyisl (4.2) u (4.3), 3aKit04aeM 0 CIPaBEIMBOCTH PaBESHCTBA
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P(A)P,(B) = P(B)Pg (A) (4.4)

Cﬂe()cmeue. BepOSITHOCTI: COBMECCTHOI'O ITOABJICHHUS HECCKOJIBKHUX CO6BITI/II71 paBHa
HpOI/I3Be[[eHI/IIO BepOHTHOCTI/I OJHOI'0 U3 HUX HA yCJ‘IOBHLIe BepOS[THOCTI/I BCCX OCTaAJIbHBIX,
HpI/I‘{eM BepOﬂTHOCTL KaxXaoro nocneay}omero CO6LITI/I$I BBIYUCIIACTCA B HpeL[HOJ'IO}KeHI/II/I,
YTO BCC npem;myume COGLITI/IH y>1<e ITIOSIBUJIUCH.

P(AAgAg...A) = P(A)P4 (A2)P A, (A3)--Paa,. A, (A
tae Paa,. A, (Ax) — BEPOSTHOCTH COOBITHS Ak, BBIUUCIICHHAS B MPEATNOJIOKEHHH, YTO
cOOBITHS AL A A HaCTYITHJIH. B  wacrtHOCTH, A TpeX  COOBITHIA
P(ABC) = P(A)P,(B)Pag (C).

3aMeTHM, 4TO NOPSJO0K, B KOTOPOM PacIoIOKEHbI COOBITHS, MOXKET OBITh BHIOpaH
JOOBIM, T. €. 0e3pa3IMuHO KaKoe COOBITHE CUMTATh NEPBBIM, BTOPHIM H T. 1.

3adaua 1. Y cbopumka umeercs 3 KOHYCHBIX M 7 JIIMINTHYECKUX BaJHMKOB.
COopIuK B3sUT OUH BaJUK, a 3aTeM BTOpoi. HallTu BeposSTHOCTH TOTO, YTO MEPBBIN U3
B3SThIX BAJINKOB — KOHYCHBIH, 2 BTOPOX — 3JUIMIITUYECKUI.

Pewenue. BepoITHOCTb TOTO, UTO TEPBBINA BAINK OKAXKETCS] KOHYCHBIM (COOBITHE
A), P(A)=3/10.

BeposiTHOCTD TOTO, YTO BTOPOH BAIMK OKaXKETCS MILIHNTHYECKUM (coObITHE B),
BBIUUCIIEHHAs B IPEIIOTI0XKEHUH, YTO NEPBBIM BaIMK —. KOHYCHBIM, T. €. yCIOBHas
BeposTHOCTE Pp(B)=7/9.

3a0aua 2. B ypHe 5 Oenbix, 4 yepHbix M 3 cuHuX wapa. Kaxjoe ucnbITaHue
COCTOMT B TOM, YTO HayJady M3BJIEKAlOT OJMH IIap, He Bo3Bpamas ero odbparHo. Haiftu
BEPOATHOCTH TOTO, YTO MPH IEPBOM HCIIBITAHUH MOSIBUTCS Oenblif map (cobbiTHe A), mpu
BTOPOM — 4epHbIi (CoObITHE B) U tipH TpeTheM—CuHui (coObitie C).

Pewenue. BeposTHOCT, TOSABICHHSA O€NOro Imapa B TEPBOM HCHBITAaHUU
P(A) =5/12.

BeposiTHOCTD MOSIBIICHNST YEPHOTO IIapa BO BTOPOM HCIIBITAHWH, BHIYUCIICHHAS B
MIPEIIOI0KEHHNH, YTO B TIEPBOM HCIIBITAHWM IOSBWICSA Oenblif Imap, T. €. YCIOBHas

BEPOSITHOCTh PA(B) =4/11.

BGpOS[THOCTB MOSABJICHHUSA CHUHETO MIapa B TPCTbEM HUCIIBLITAHWU, BbIYUCIICHHASA B
MPEANOJIO0XKEHNNU, YTO B IMECPBOM HUCIIBITAHUU TMOABUIICA OenbIi map, a BO BTOPpOM —

4epHbIH, T. €. ycnosHas BeposthocTs Py 5(C) = 3/10.
Hckomast BeposTHOCTE P(ABC) =P(A)PA(B)P 4 5(C)=(5/12)-(4/11)-(3/10)=1/22.

Bonpoc 4.3 He3aBucumble coObiTHsl. TeopemMa yMHOMKeHHMSI [JISi He3aBHCHMBIX
coObITHIi

[TycTh BEpOSTHOCTH COOBITHSI B HE 3aBUCHUT OT MOSBICHUS COOBITHUS A.

Cobvimue B Hazvlgarom He3asucumvim om cobvimus A, €Clii TIOSIBIICHUE COOBITHS
A He W3MEHSET BEPOATHOCTH COOBITHSA B, T. €. €CJIM YCIOBHAs BEPOSTHOCTh COOBITHS B
paBHa ero 0e3yclIOBHOI BEPOSTHOCTH:
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P4(B)=P(B) (4.5)
IMoncrasus (4.5) B cootHomienue (4.4), nonyuum P(A)P(B) = P(B)Pg(A). Otcrona
Pg(A) =P(A), T. €. yCJIOBHAsI BEPOSITHOCTh COOBITUSI A B NPEAINOI0KEHHHU, YTO HACTYIUIIO

coOriTHEe B, paBHa ero 0e3yciIoBHOW BeposATHOCTH. [Ipyrumu cioBamu, coObiTHEe A HE
3aBHCHUT OT cOOBITHSA B.

Wraxk, ecinu coObITHE B HE 3aBUCUT OT COOBITHS A, TO M COOBITHE A HE 3aBHUCHUT OT
cOOBITHS B; 3TO 03HAYALT, UTO CEOUCMBO HE3ABUCUMOCIU COObIMULL 83AUMHO.

Jis He3aBUCHUMBIX COOBITHH TeopeMa YMHOXKEHHUS P(AB) = P(A)P5(B) MMeeT BHI

P(AB) = P(A)P(B), (4.6)
T. €. BEpOATHOCTh COBMECTHOTO TIOSBJICHUS JBYX HE3aBUCHUMBIX COOBITHIA paBHa
MIPOU3BEICHUIO BEPOSITHOCTEH 3THUX COOBITHIA.

PaBencTBO (4.6) MPUHUMAIOT B KAYECTBE ONPEACICHHS HE3aBUCHMBIX COOBITHIA.

Jea cobvimus Haswvieaiom He3a8UCUMBIMU, €CITH BEPOSTHOCTH UX COBMELICHUS
paBHAa MPOM3BEACHUIO BEPOATHOCTEH ITHX COOBITHI; B HPOTHBHOM CiIydae COOBITHS
Ha3bIBAIOT 3A8UCUMBIMU.

Ha mnpakTuke O HE3aBHCHMOCTH COOBITHI 3aKIIOYAlOT IO CMBICIY 3aJauu.
Hanpumep, BeposSsTHOCTH MOpaKeHHUS LENN KXKABIM U3 IBYX OPYIHHA HE 3aBHCAT OT TOTO,
MIOPa3WIIO JIK TIeNTb APYTOe OpYyIHUe, IIOITOMY COOBITHS «TIEPBOC OPYAUE TOPA3HIO LENb» U
«BTOPOE OPYIHE TTOPAZIIO IIETIh HE3aBUCHMEL.

3adaua 1. HaifTn BEpOSTHOCTh COBMECTHOTO IMOPAKEHUS SN ABYMS OPYIUSMH,
€CJIA BePOSATHOCTh MOPaKEHU IeNTN MepBEIM opyaueM (cobsrtre 4) paBHa 0,8, a BTOpEIM
(cobbrTne B) — 0,7.

Pewenue. Cobpitust A 1 B He3aBUCHMBIE, [TO3TOMY, IO TEOpeMe yYMHOXKCHHS,
HCKOMasi BEPOSITHOCTh

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

3ameuanue 1. Ecnu coObITHsI A 1 B HE3aBUCUMBI, TO HE3aBUCUMBI TaK)Ke COOBITHS
Au B, AuB, AuB.

Heckonvko cobvimuii Ha3wieaiom nonapHo He3asucUMbiMu, eCIM Kax/ble ABa U3
HUX He3aBHCUMBI. Hampumep, coObiTust A, B, C monapHO HE3aBUCHUMBI, €CJIA HE3aBUCUMBI
cooprtua A uB, AuC,BucC.

Jdnst Toro 4yToOBl 00OOLIMTH TEOpPEMY YMHOXKEHHMS Ha HECKOJIBKO COOBITHA,
BBEJICM MTOHATHE HE3aBUCUMOCTH COOBITHI B COBOKYITHOCTH.

Heckonvko cobvimuil Hazvlearom He3a8UCUMBIMU 8 COBOKYRHOCMY (AU TPOCTO
HE3aBUCHMBIMHM), €CJIM HE3aBUCHMBI KXKIBIC IBA U3 HUX M HE3ABHCHUMBI KaKJ10€ COOBITHE
U BCE BO3MOXKHBIE MPOM3BENEHUS OCTanbHBIX. Hampumep, ecim cobwitma 4, B, C
HE3aBHCHMBI B COBOKYITHOCTH, TO He3aBUCUMBI COOBITHSI A U B; Au C; Bu C; Au BC, Bu
AC;, Cu AB.

IIpuBeaeM Temeps CACACTBUE U3 TEOPEMbI YMHOKEHHS.

CaeacrBue. BeposSTHOCTP COBMECTHOTO TIOSIBJICHHS HECKOIBKHUX COOBITHIHA,
HE3aBUCHMBIX B COBOKYITHOCTH, PaBHA IPOHU3BEIICHHUIO BEPOSTHOCTEH ITHX COOBITHI:

P(AAz-A) = P(A)P(A2)-.(A).

Jloxazamenvcmeo. Paccmorpum Tpu cobbitus: 4, B u C. CoBMelieHne CoObITHI
A, Bwu C paBHOCWIIBHO COBMeIeHUI0 coObiTHii AB 1 C, mo3tomy P(ABC)=P(AB-C).
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Tak kak coObiTust A, B 1 C HE3aBUCUMBI B COBOKYITHOCTH, TO HE3aBHCHMEBI, B
4acTHOCTH, coObITHs AB n C, a Takxke A u B. Ilo TeopeMe YMHOKEHUS I IBYX He3a-
BHCHMBIX COOBITHIT nMeeM: P(AB-C)=P(AB)P(C) u P(AB)=P(A)P(B).

Hrak, okoHuaTenpHO noxy4yuM P(ABC) = P(A)P(B)P(C).

s npou3BONBHOIO 7 JOKA3aTeIbCTBO MPOBOAUTCS METOJOM MAaTEMaTHYECKOH
WHIYKLIHH.

3ameuanue. Ecmu coObITHA A, Ap,..., A, HE3aBHCUMBI B COBOKYITHOCTH, TO H

MMPOTUBOIIOJIOKHBIC UM COOBITHS Al, AQ,..., Ak TaKKC HE3aBUCUMBbI B COBOKYITHOCTH.

3a0aua 2. HaiiTu BepOSTHOCTh COBMECTHOTO IOSBJICHHSA repba HpU OJHOM
OpocaHNH ABYX MOHET.

Pewenue. BeposTHOCTh TOsIBJIeHHsT Tepba MepBOH MOHETHI (COOBITHE A)
P(A) =1/2.

BeposiTHOCTh NOsiBIIEHHS TepOa BTOPOit MOHEThI (coObITHE B)

CoObiTust A ¥ B He3aBHCUMBIE, TTO3TOMY HCKOMas BEPOATHOCTH IO TEOpeMe
YMHOKEHUS paBHA

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

3aoaua 3. Imeetcs 3 smuka, copepkamux mo 10 meraneit. B mepBom smmke 8,
BO BTOpPOM 7 M B TpeTheM 9 cTaHmapTHhIX aAetaneil. M3 kaxjoro smuka Haynady
BBIHUMAIOT MO OJHOM AeTanu. HaliTh BepOsSTHOCTH TOTO, YTO BCE TPHU BHIHYTHIE AETAIU
OKa)yTCsl CTAHIaPTHBIMHU.

Pewenue.

BeposiTHOCT, TOrO, 4YTO W3 MEPBOrO SIIMKA BBIHYTa CTaHIApPTHAs JeTajib
(cobbITHE A), P(A)=8/10=0,8.

BeposiTHOCTE TOrO, 4TO W3 BTOPOro SIIMKA BBIHYTa CTaHIApTHAsl JAeTajlb
(cobbITHE B), P(B)=7/10=0,7.

BeposiTHOCT, TOTO, YTO M3 TPETHEro SIIMKA BBIHYTa CTaHAApTHas JeTajlb
(cobwitre C), P(C)=9/10=09.

Tak xak coOweitusi A, B m C He3aBHUCHMBIE B COBOKYIIHOCTH, TO HWCKOMas
BEPOSATHOCTH (TI0 TeopeMe YMHOXKEHHs1) paBHa P(ABC)=P(A)P(B)P(C)=0,8-0,7-0,9=0,504.

Tlpusedem npumep coemecmno2o npuMeHeHUs Meopem CLONCEHUL U YMHONCEHUS.

3a0aua 4. BeposSTHOCTH MOSIBICHUS KAXKIIOTO M3 TPEX HE3aBUCHUMBIX COOBITHH
A, Ay, Ay COOTBETCTBEHHO DaBHBI Py, Py, Pp3. HalWTH BEpPOSATHOCTH MOSIBJICHUS TOJIBKO

OJIHOI'0 M3 DTUX COOBITHH.
Pewenue. 3ameTum, 4TO, HANPUMEp, MOSBICHHE TOJLKO IMEPBOrO COOBITHS A

PaBHOCHIIBHO TOSIBIICHHIO COOBITHS A@@ (TI0sIBUITOCH TIEpBOE U HE MOSIBIIINCH BTOPOE U
TpeTbe coObITHA). BBemeM 0003HaUCHMS:

B, — MOSBUIIOCH TOJIBKO COObITUE A, T. €. By = A&EQ ;

B, — MOSBHIOCH TOIBKO COOBITHE Ay, T. €. By = Ay Ag |

B3 — TOSBUIIOCH TOJIBKO COOBITHE Ag, T. €. By = ;&A_ZAg .

TakuM 00pa3oM, 4YTOObI HAaWTH BEPOSTHOCTH IOSBJICHUS TOJBKO OJHOTO W3
cOOBITHH A, Ay, A3, OyleM HCKaTb BEpOSTHOCTh P(B;+B,+B3) MOSBIEHHS OIHOTO,
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0e3pa3IMIHO KaKoTo U3 COOBITHH By, B,,Bs. .
Tak kak coosrTust By, B,, B; necoBmectnrl, To npumennma Teopema cioKeHus
P(By + By +Bg) = P(By) + P(By) + P(By). (4.6)
OcraeTcst HaliTH BEPOSTHOCTH KaXKJIOTO U3 COOBITHII By, By, B .

CoObiTust A, Ay,A; HE3aBHCUMBI, CJCIOBATEIbHO, HE3aBHUCUMBI COOBITHS

AL Py Ag, MO3TOMY K HUM MIPUMEHUMA TeopemMa YMHOXKEHUS
P(By) = P(A Ay Ag) = P(A)P(A2)P(Ag) = pr0i203.
AHAJIOTHYHO, P(B2) = P(AAp Ag) = P(A)P(A2) P(Ag) =t P203;
P(B3) = P(AL A2 Ag) = P(A))P(A2)P(Ag) =ty Ps.

[oncraBuB 31U BeposTHOCTH B (1), HaiimeM MCKOMYIO BEPOSTHOCTH MOSBICHHUS
TOJIBKO OJHOTO U3 COOBITHI A, Ay, Ay . P(B; + By + B3) = 10203 + th P23 + thdo P3-

Bonpoc 4.4 BepossTHOCTH NMOsiBJIeHUS XOTS ObI OTHOTO COOBITHS

IlycTh B pe3yabTaTe UCHBITAHUS MOTYT MOSBHUTHCS 7 COOBITHIA, HE3aBUCHMBIX B
COBOKYITHOCTH, JTUOO HEKOTOPHIC M3 HUX (B YaCTHOCTH, TOJBKO OJHO WM HH OJHOTO),
MpUYEM BEPOSATHOCTH TMOSBICHHUS KaXIOro u3 COOBITHH wm3BecTHBL. Kak HalTH
BEPOSATHOCTh TOTO, YTO HACTYIMT XOTSA OBbI OJHO W3 3TUX coObITHH? Hampumep, ecnu B
pe3yabTaTe UCTIBITAHUS MOTYT MOSIBUTHCS TPU COOBITHS, TO MOSBICHUE XOTS OBl OJTHOTO U3
9THX COOBITHI O3HAYaeT HACTYIUICHHE JHOO OJHOTO, JHOO IBYX, JHOO TpPEeX COOBITHIA.
OTBeT Ha IMOCTaBJICHHBIN BOIIPOC JaeT CICIYIOMmas TEOpeMa.

Teopema. BeposATHOCTH TOSBICHUS XOTS OBl OJHOTO W3 COOBITHH A, A,.., A, ,
HE3aBHUCHMBIX B COBOKYIHOCTH, paBHa Pa3sHOCTH MEXIY CAWHHUICH W IMPOM3BEACHUEM
BEPOATHOCTEH MPOTHBOIONOXKHBIX COOBITHI A, Ap,..., A, :

P(A) =1-00.-Gn- (4.7)

Jlokazamenvcmeo. O603HaunM depe3 4 cOOBITHE, COCTOSIIESE B TOSBICHUU XOTS
OBl OTHOTO U3 COOBITHI A, A,..., A, . CoObITHA A 1 EEE (HU OZIHO W3 COOBITHI He
HACTYMUJIO) IPOTUBOIIOJIOKHBI, CIIEZIOBATEILHO, CyMMa WX BEPOSITHOCTEHN paBHA €MHHUIIC:

P(A) +P(A Ay Ay =1.

OTcroia, mob3ysICh TECOPEMOH YMHOKEHHUSI, TIOTYIHM

P(A) =1-P(A Ay...Ay) =1-P(A)P(Ap)..P(Ay), uimu P(A) =1-y0y...0p.

Yacmuei  cayyail.  Ecom  cobbrtus AL A,..., A, HMEIOT 0IHHAKOBYIO
BEPOSITHOCTh, PABHYIO p, TO BEPOSITHOCTH MOSBIECHUS XOTSI ObI OJJHOTO U3 3TUX COOBITHI

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

3a0aua 1. BeposTHOCTH ToManaHus B IeJb NMPU CTpPelbOe M3 TpeX Opyauit
TakoBbl: HaliTH BEpOSATHOCTH XOTS OBl OJHOTO MOMNaaanus (COObITHE A) MPU OTHOM 3aJIIie
U3 BCEX OPYAUM.

Pewenue. BeposTHOCTh NMONaZaHus B LEJIb KaXKIbIM U3 OpYJUil HE 3aBUCUT OT
Pe3yIbTaTOB CTPENhOBl W3 APYTHX OPYIOHH, MOSTOMY paccMaTpHBaeMble COOBITHS A

(momasaHue mnepBOro opyaus), A, (omagaHue BTOPOrO OpydMs) WM Ag (HonagaHue
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TPETHETO OPYyAUs) HE3aBUCHMBI B COBOKYITHOCTH.

BeposrHocTH  cOOBITHH, TIPOTHUBOIIONIOKHBIX COOBITHAM A, Ay, A3 (T.C.
BEPOSATHOCTH MIPOMaxoB), COOTBETCTBEHHO paBHBEI: g =1-p,=1-08=02;
Jp=1-p,=1-0,7=03; gz=1-p3=1-09=01.

Hckomas BepossTHOCTE P(A) =1-g(p03 =1-0,2-0,3-0,1=0,994.

3adaua 2. B tunorpadum mmeercs 4 IUIOCKONIEYATHBIX MAIIMHBL. s Kakmoi
MAaIlIMHBl BEPOSATHOCTh TOTO, YTO OHAa paboTaeT B NaHHBIM MoMmeHT, paBHa 0,9. Haiitn
BEPOSATHOCTD TOTO, UTO B JAHHBIA MOMEHT paboTaeT XOTs OBl OiHA MaIlnHa (COOBITHE A).

Pewenue. CobbITus «MammHa paboTaeT» M «MalinHa He paboTaeT» (B JaHHBIN
MOMEHT) — MPOTHUBOIOJIOXKHBEIE, MO3TOMY CyMMa HX BEpPOSTHOCTEH paBHAa EIUHMIIE:
p+g=L1

Otcroa BEpOsITHOCTh TOTO, YTO MAlllMHA B JaHHBIH MOMEHT He paboTaer, paBHa
g=1-p=1-09=01

Hckomas BeposaTHOCTE P(A) =1—q4 =1-01%=0,9999..

3a0aua 3. BepoATHOCTb TOTO, YTO IPH OJHOM BBICTpENC CTPEJIOK IIONAAACT B
uenb, paBHa 0,4. CKOIBKO BBICTPENIOB JIOJDKCH IPOM3BECTH CTPEJIOK, YTOOBI ¢
BEpOSITHOCTHIO He MeHee 0,9 OH Tmomai B 11eb XOTs ObI OUH pa3?

Pewenue. Ob03uaunM depe3 4 coOBITHE «IIPH 71 BBICTPENIaX CTPEJIOK MONAAaeT B
LeTb XOTs OBl euH pa3y». CoOBITHS, COCTOAIINE B IONIAIAHUHN B LIEJIb IPH IEPBOM, BTOPOM
BBICTpENIaX W T. 1., HE3aBHCUMBI B COBOKYITHOCTH, MO3TOMY TpuMeHHMa (opmyna (4.8)
P(A) =1-q".

[lpuHAB BO BHHMaHWE, 4TO, IO yCIOBUIO, P(A)>09,p=04 (ciegoBaTelbHO,

q=1-04=0,6), monyunm 1-0,6" >0,9; orcroga 0,6" <0,1.

[ponorapudmupyem 310 HEpaBeHCTBO Mo ocHOBaHmio 10: nlg0,6 <Ig0,1.

Orcrona, YYUTBIBaA, 4TO0 90,6 <0, nMeeM
n>Ig01/ <1g0,6 =—1/17782 =—1/(~0,2218) = 4,5.

Hrak, n>5, T.e. CTPENIOK JOKEH IPOU3BECTH HE MEHEE 5 BBICTPEIIOB.

3a0aua 4. BeposTHOCTB TOTO, YTO COOBITHE MOSBUTCS XOTSI OBl OAMH Pa3 B TPeX
HE3aBUCHUMBIX B COBOKYIIHOCTH HCIBITaHMAX, paBHa 0,936. Haiitu BeposTHOCTH
TIOSIBJIEHHSI COOBITHSI B OJHOM HCIBITAHUM (TIPEIIIONaraeTcs, YTo BO BCEX HCIBITAHHUAX
BEPOSITHOCTD TOSIBJIICHHSI COOBITHSI OJTHA U Ta XKe).

Pewenue. Tak kak paccMaTpuBaeMble COOBITHS HE3aBUCUMBI B COBOKYITHOCTH, TO
npumenuma opmyia (4.8) P(A)=1-q".

I[lo  ycnosuro, P(A)=0,936;n=3. CrnemoBaTelIbHO, 0,936=1— q3, W
q° =1-0,936=0,064. O1crona q=3/0,064 =0,4.

Hckomas BeposiTHOCTh p=1-0=1-0,4=0,6.

IIpakTHyeckue 3a1aHus no Teme (1o 3 u 4 Temam)

3.4.1. BeposATHOCTb TOTO, YTO CTPENIOK IIPH OAHOM BBICTpEJIC IIONAJAET B MUILICHb, PaBHA
p=0,9. Crpenox npoussen 3 BbicTpena. HaliTu BepoATHOCTH TOro, 4TO BCEe 3 BBHICTpENa AalU
HoTnajiaHue.
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3.4.2. bpomensl MOHeTa U WrpajbHast KOCTh. HaliTu BepoSTHOCTh COBMEIIEHHST COOBITHI:
«TIOSIBUIICS «T€p0», CIOSBUIOCH 6 OUKOBY.

3.4.3. B nByx sAmuKax HaxomsTcs netainu: B mepBoM—10 (43 HUX 3 CTaHAApTHBIX), BO
BTOpoM—15 (U3 HUX 6 cTaHIApPTHHIX). M3 KaXkA0ro sAIKKa Hayqadyy BBIHUMAIOT [0 OJHOHN JETalu.
HaiiT BEposITHOCTB TOTO, 4TO 00€ JeTaay OKaKyTCs CTaHJAPTHBIMU.

344. B crymuum TeneBuACHUS 3 TENEBU3MOHHBIX KaMmepbl. [l KaxIol Kamepsl
BEPOATHOCTH TOTO, YTO OHA BKJIIOYEHA B JAHHBIH MOMEHT, paBHa p=0,6. HaliTu BeposTHOCTE TOTO,
YTO B JJAHHBI MOMEHT BKITFOUCHA XOTs OBI OJTHA KaMepa (coObITHE A).

3.4.5. Yemy paBHa BEpOSTHOCTb TOTO, YTO IIPH OPOCAHNH TPEX UIPATBHBIX KOCTEH 6 0U4KOB
MOSIBUTCSI XOTsI OBI HA OJTHOM U3 KOCTel (coObITHE A)?

3.4.6. Tlpennpusitie U3rotosiser 95% wu3nenuii CTaHJAPTHBIX, IPHYEM U3 HUX 86% —
nepBoro copta. HaliTu BepoATHOCTH TOTO, YTO B3STO€ HayAady M3JEINE, U3TOTOBICHHOE HAa 3TOM
MPeANPUATHH, OKaXETCs TIEPBOTO COPTa.

3.4.7. Mosnera 6pocaeTcsl 10 TeX IOp, IMOKa 2 pa3a MOApsAI OHA HE BBINAZET OJAHOU U TOH
’Ke CTOpoHOH. HaiiTm BeposTHOCTH ClleIyloIMX COOBITHH: @) ONBIT OKOHYHTCS JO IIECTOrO
Opocanus; 0) TOTpedyeTCs YeTHOE YHCIO OPOCaHUIA.

3.4.8. U3 mudp 1, 2, 3, 4, 5 cHavasa BEIOHpACTCS OJIHA, a 3aTEM U3 OCTABIIMXCS YCTHIPEX
— Bropast mudpa. [Ipennomaraercs, 4ro Bce 20 BO3MOXKHBIX MCXOJOB PaBHOBEpOSTHEL HalTtn
BEPOSTHOCTH TOTO, 4yTO OyZeT BrIOpaHa HedeTHas mudpa: a) B MEpBHIA pa3; 0) BO BTOPOH pas; B) B
o0a pasza.

3.4.9. BeposTHOCTb TOTO, YTO NPHU OJHOM BBICTPEJIC CTPEJIOK IIOMAJeT B JACCATKY, paBHA
0,6. CKOJBKO BBICTPEIIOB JIOJDKEH CHAENATh CTPENIOK, YTOOBI C BEPOSTHOCTHIO He MeHee 0,8 oH moman
B JICCATKY XOTs ObI OJTUH pa3?

3.4.10. Tpu 31eKTpUUECKUE JTaMIIOUKH [TOCJIEIOBATEIFHO BKIIIOUCHEI B LIelb. BeposTHOCTD
TOTO, 4TO OfHa (Jro0ast) JTaMIToYKa NEeperopuT, eClii HANPSDKEHUE B CETH IPEBBICUT HOMUHAIBHOE,
paBHa 0,6. HaiiTi BeposTHOCTB TOTO, YTO TP MOBBIIICHHOM HANPsHKEHUH TOKA B LIETTH He OyleT.

3.4.11. BepoaTHOCTh TOTO, 4TO COOBITHE A TOSBHUTCS XOTSA OBl OOWH pa3 TPH IBYX
HE3aBHCHUMBIX HCIBITaHUAX, paBHa 0,75. HaliTm BepOATHOCTH MOSBICHUS COOBITHS B OIHOM
HCTIBITAHUHN (IIPEJIIoIaraeTcs, YT0 BEPOSTHOCTD TOSIBICHHS COOBITHS B 00OMX MCHBITAaHUSAX OJHA U
Ta Ke).

3.4.12. Tpu xomauzs! A1, A2, A3 CHOPTHBHOTO 00IECTBA A COCTA3AIOTCS COOTBETCTBEHHO C
Tpems KoMaHaamu ob1ecTBa B. BeposTHOCTH TOTO, YTO KOMaH/ABI 00IecTBa A BBIMTPAIOT MATUH Yy
KoMaHj obmiecTBa B, TakoBbl: npu Betpeue A1 ¢ B1 — 0,8; A2 ¢ B2 — 0,4; As ¢ Bs — 0,4. [Ina
nobeabl HeoOXOIMMO BBIUTPaTh HE MeEHee NBYX Mardeil M3 Tpex (HMYbM BO BHHMaHHE He
npuauMaiotcs). [loGena kakoro u3 o0IIecTB BeposiTHee?

3.4.13. BeposTHOCTh TOpaKEHUs LENU MEPBBIM CTPEIKOM TPH OJHOM BBICTpEINIC paBHA
0,8, a BTOpbIM cTpenmkoM— 0,6. HaliTi BEpOSTHOCTB TOTO, 4TO LN OyaeT MOopaKeHa TONBKO OJTHUM
CTPETIKOM.

3.4.14. U3 nocnenoBaTenbHOCTH 9ucen 1, 2, ..., n Haymady OJHO 3a APYTHM BBIOHUPAIOTCS
JBa yKca. HaiiTh BEpOSTHOCTH TOTO, YTO OJJHO M3 HUX MEHBIIIE II€JIOT0 MOJI0KUTENBHOrO uncia K,
a npyroe 6ombiie K, rae 1 <k < n.

3.4.15. Orzmen TEXHUYECKOTO KOHTPOJS MPOBEepsieT H3ICNUs Ha CTaHAAPTHOCTD.
BeposiTHOCTH TOTO, 4TO M3AeNue HecTaHmaptHo, paBHa 0,1. HaiiTu BeposSTHOCTH TOrO, 4YTO: a) U3
TpexX MPOBEPEHHBIX U3JEIHH TOJBKO OJJHO OKaXXETCS HECTaHAapTHBIM; 0) HECTAHAAPTHEIM OKaKETCS
TOJIBKO YETBEPTOE 110 MOPSAKY NPOBEPEHHOE U3MENHE.

3.4.16. [IBa cTpenka INpoHW3BENN IO OJHOMY BBICTpeNly. BeposTHOCTh momamaHus B
MUIIEHb TEPBBIM cTpeikoM paBHa (0,7, a BropeiM—. 0,6. HaliT BepOATHOCTH TOTO, 4TO XOTS OBI
OJIH M3 CTPEJIKOB MOMal B MUILIECHb.

3.4.17. V cbopuka umeercst 16 nmeraneii, M3roToBieHHBIX 3aBoaoM Ne 1, u 4 neranu
3aBoja Ne 2. Haynmauy B3saThl 2 pmetanu. HailTu BeposITHOCTH TOTrO, 4TO XOTSI OBl OJHA M3 HUX
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OKa)XeTCsl U3roTOBJIEHHON 3aBojioM Ne 1.

3.4.18. B rpymme cnoprcMeHoB 20 JBDKHUKOB, 6 BENIOCHIIEOUCTOB u 4 OeryHa.
BepoATHOCTh BBINOMHUTH KBaNMU(UKAIMOHHYIO HOpPMY TakoBa: s JbDkHMKa — 0,9, misa
Benocunenucra — 0,8 u mma Geryna — 0,75. HaiiTu BepoSTHOCTH TOTrO, YTO CHOPTCMEH,
BBIOpaHHBIN HayHady, BHITOITHUT HOPMY.

3.4.19. Coopumk mnomyunn 3 KOpoOKM neraneill, W3rOTOBICHHBIX 3aBogoM Ne 1, u 2
KOpOOKHM JeTalieif, W3roTOBICHHBIX 3aBojioM N° 2. BeposTHOCTH TOro, 4to neTanb 3aBoaa Ne 1
cTannapTHa, pasHa 0,8, a 3aBozma Ne 2 — 0,9. COopmmk Haygady M3BJICK JeTalb U3 HayAady B3sTON
KopoOkH. HalTi BEpOsSITHOCTB TOTO, YTO U3BJIEUECHA CTAaHIapTHAsI AETANb.

3.4.20. B nepBowm simuike conepaxkutest 20 neraneit, u3 HUX 15 cTaHIapTHRIX; BO BTOPOM —
30 peraneii, u3 HUX 24 cTaHOApTHHIX; B TpeTbeM—10 neraneil, u3 HUX 6 craHgapTHHIX. Haiitu
BEPOATHOCTH TOTO, UTO HayAauy U3BJIECUCHHAs JeTallb U3 HayAady B3ATOTO SIIUKa—CTaHJapTHas.

3.4.21. B TeneBH3MOHHOM arelbe HMeeTcss 4 KHHECKoma. BeposTHOCTH TOro, 4YTO
KUHECKON BBIICP)KUT TapaHTHHHBIN CPOK CiIyXObl, cooTBeTrcTBeHHO paBHbl 0,8; 0,85; 0,9; 0,95.
HaiiT BEposITHOCTB TOTO, YTO B3SITHIH HayAady KHHECKOI BBIIEPIKHUT FrapaHTHHHBINA CPOK CITYKOBI.

3.4.22. B nByx smpKax UMeEIOTCs paauosaMibl. B mepBoM smmke conepsxurcs 12 mamm, u3
HUX | HectaHgapTHas; Bo BropoM 10 jamm, n3 HuX 1 HecTaHmapTHas. 113 mepBoro smuka Haymady
B3fTa JIaMIIa ¥ IIepesioykeHa BO BTOpoi. HaifTm BeposTHOCTH TOro, YTO Haynady HM3BJICUYCHHAs W3
BTOPOTO SIIIHUKA JamIa OyaeT HeCTaHAAPTHOM.

3.4.23. N3 momnoro nabopa 28 KocTeil AOMHHO Hay[ady H3BJIeYeHa KOCTh. Haitu
BEPOATHOCTH TOTO, YTO BTOPYIO U3BICUECHHYIO Hayady KOCTh MOXKHO IIPUCTAaBHUTh K IIEPBOM.

3.4.24. Crynent 3HaeT He BCe IK3aMEHAI[MOHHbIC OWieThl. B KakoM ciydae BEpOSTHOCTh
BBITALIUTh HEU3BECTHBIN OMJIET OyAeT /i1 Hero HamMeHbIIel: Koraa oH OepeT OMIIeT IepBBIM WIIN
nociaeaHuM?

3.4.24. B sk, comepamiyii 3 OJWHAKOBBIX JETalu, OpoIlleHa CTaHAapTHas JeTallb, a
3aTeM Hayjady W3BJIeYeHa OJHA AeTaib. HaliTH BeposTHOCTh TOro, 4TO WM3BJEYEHA CTAaHAAapTHas
JieTanb, €CIM PaBHOBEPOSTHBI BCE BO3MOXKHBIE INPEATIONOXKECHHUSI O UHCIE CTAaHAAPTHBIX JeTallei,
MePBOHAYAIBEHO HAXOISIINXCS B SIIUKE.

3.4.25. Tlpu OTKIIOHEHHMH OT HOPMAaJBHOTO pPEXHMa pPabOTHl aBTOMaTa CpadaThIBaeT
curnanmzarop C-1 ¢ BepostHocThiO 0,8, a curHammzatop C-11 cpabarsiBaeT ¢ BEpOSTHOCTHIO 1.
BepositHocTH TOrO, YTO aBTOMAaT CHaOXkeH curHanmzatopoMm C-1 mimm C-11, COOTBETCTBEHHO paBHBI
0,6 u 0,4. TlomyueH curHam o pasjienke aBTomMara. UTo BeposTHEE: aBTOMAT CHaOXeH
curnanuzaropom C-1 wmu C-117?

3.4.26. Jlns ydacTuss B CTYJICHYECKMX OTOOPOYHBIX CIOPTHBHBIX COPEBHOBAHHMSIX
BBIJICICHO W3 TEpBOW Tpymmbl Kypca 4, M3 BTOpoil — 6, W3 TpeTbel TPyNmIbl — 5 CTYICHTOB.
BeposTHOCTH TOTO, YTO CTYAEHT IEPBOW, BTOPOH W TPEThEH TpPYyNmBI IMOMagaeT B COOPHYIO
WHCTUTYTa, COOTBETCTBEHHO paBHEI 0,9; 0,7 u 0,8. Haynauy BEIOpaHHEIA CTYJCHT B HTOTE€ COPEBHO-
BaHM roman B coopHyto. K kakoif u3 rpymnm BeposiTHee BCEro MPUHAAIIEKAT ITOT CTYAEHT?

3.4.27. BeposITHOCTB IS M3JIeNHif HEKOTOPOTO TPOM3BOJICTBA YOBIETBOPATH CTAaHIAPTY
paBaa 0,96. Ilpemnaraercs ympolleHHas CHCTeMa MPOBEPKM HA CTaHIAPTHOCTh, JaroIas
HOJIOXKUTENbHBIA pe3ynbTaT ¢ BeposATHOCThI0 0,98 1 u3menuil, yioBIETBOPAIOIIMX CTaHAApTY, a
JUIA W3JENUH, KOTOpble HE  YIOBIETBOPSIOT CTaHIapTy,— C BepostHocTbio 0,05. Haiitu
BEPOATHOCTb TOI'0, 4YTO MU3ACIMC, INPU3HAHHOEC IIPU IPOBEPKE CTaHAAPTHBIM, )Iei/'ICTBI/ITe.]'leO
YIOBIIETBOPSIET CTAaHIAPTY.

Tema 5. CiieicTBUsI TEOPEM CJIOKEHHUS M YMHOKEHUSI BePOSITHOCTEH
Bomnpoc 5.1 ®opmy.ia MoJTHOH BEpPOSITHOCTH

Ilycte coObITHE A MOXET HACTYIHTh HPU YCJIOBUHU IOSBICHUS OIHOTO U3
HECOBMECTHBIX COOBITUH By, Bs,..,B,, KOTOpbIe OOpa3yrT NONHYH Tpymmy. IlycTh
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H3BECTHBI BEPOSTHOCTH ITHX COOBITHIA u YCIIOBHBIC BEPOSTHOCTH
Pg, (A), Pg, (A),...,Pg_(A) cobbitust 4. Kak HaiiTi BepOATHOCTH coObiTHs A? OTBET Ha 3TOT

BOIIPOC JAa€T CIEAYIOIasi TeopeMa.

Teopema. BepostHocTs cOOBITHS A, KOTOPOE MOXXET HACTYNHTH JIUIIb IIPH
YCIIOBUM TIOSIBICHWSI OJHOTO W3 HECOBMECTHBIX COOBITUH By, Bs,..,B,, OOpa3yromux
MOJIHYIO TPYIINY, paBHA CyMMeE NPOU3BEICHUI BEPOSTHOCTEH KaXKIOr0 M3 3TUX COOBITHI
Ha COOTBETCTBYIOIIYIO YCIIOBHYIO BEPOSITHOCTD COOBITHS A:
P(A) = P(By)Pg, (A) + P(B2)Pa, (A) +...+ P(By)Pg, (A).

3Ty hopMyITy Ha3BIBAIOT «(HOPMYIIOH IMOTHONU BEPOSTHOCTI.

Hoxazamenvcmeo. Tlo ycinoBuro, coObITHE A MOXKET HACTYNUTb, €CIM HACTYIUT

OJIHO U3 HECOBMECTHBIX COOBITHI B, B,,..., B, . JIpyrumu cinoBaMu, NOsIBIEHHE COOBITHS
A 03HauaeT OCYILECTBJIEHHE OJHOTrO, 0e3pa3ln4yHO KaKOro, U3 HECOBMECTHBIX COOBITHH
B A, B,A,...,.B,A. Tlone3ysach I BBEMUCICHUS BEPOATHOCTH COOBITUS A TeopeMoil
CIIO’KEHUS, TTOIYIHM

P(A)=P(BA) + P(ByA) +...+ P(B,A). (5.1)

OcraeTcst BBIUMCINTH Kaxkgoe M3 cinaraeMbelx. [lo Teopeme yMHOXXEHHS
BEPOATHOCTEH 3aBUCUMBIX COOBITHIT mMeeM P(BA) = P(B)Pg, (A); P(B2A)=P(B2)Pg, (A);...;
P(ByA)=P(Bn)Pg, (A).

IloncTaBuB mpaBBle YacTH 3TUX pPaBEHCTB B cooTHomeHue (5.1), momydum
(dhopMyITy TIOTHO# BEPOATHOCTH

3aoaua 1. Imeetcs aBa Habopa Aetaneil. BeposTHOCTH TOTO, UTO J€Talb MEPBOTO
Habopa crangaptHa, pasHa 0,8, a Broporo — 0,9. HaiiTu BeposSTHOCTH TOTO, YTO B3sITast
Hayjaady JeTaib (M3 HayJady B3sSTOro Habopa) — CTaHJapTHas.

Pewenue. O603HaunM depe3 A COOBITHE «H3BIICUCHHAS ETalh CTAaHIAPTHAY.

JHetanp MoxeT OBITH W3BIICUEHA JINOO U3 TIEPBOTO HAOOpa (COOBITHE B ), THOO U3
BTOPOro (coObITHE By ).

BeposaTHOCTh TOT0, 4TO JeTanb BEIHYTa U3 IepBOro Habopa, P(B;)=1/2.

BepoarHOCTh TOro, 4TO JeTanb BEIHYTa U3 BTOPOro Habopa, P(B,)=1/2.

VYcioBHasE BEpPOSITHOCTH TOTO, YTO W3 IIEpBOro HabOopa OymeT HW3BICYCHA
CTaHAapTHas JeTanb, Pg (A)=08.

VYciioBHasE BEpOSTHOCTH TOTO, 4YTO M3 BTOPOro Habopa OyIeT H3BICUYCHA
CTaHAapTHas Jeraib, Pg, (A)=09.

Vckomast BEpOSITHOCTh TOTO, YTO M3BJICYCHHAs Hayqady JeTanb — CTaHJapTHas,
o (bopmye MOJTHOM BEPOSITHOCTH paBHa
P(A) = P(By)Pg (A)+P(B;)Ps, (A)=05-0,8+05-0,9=0,85.

3a0aua 2. B mepBoii kopoOke coxepxkurcs 20 paguonmamr, u3 HuX 18
CTaHAApTHBIX; BO BTOpoH KopoOke—I10 jamn, w3 HuX 9 crangapTHeIX. M3 BTOpoO#
KOpOOKM Hayjady B3siTa JlamIla U Iepejo)keHa B mepBylo. Haiitu BeposiTHOCTH TOTO, YTO
JlaMIa, Hayady U3BJICUYCHHAs U3 EPBON KOPOOKH, OyAeT CTaHIapTHOM.

Pewenue. O603HaunM uepe3 A coObITHE «U3 TEPBOM KOPOOKH W3BJICUCHA
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CTaHAapTHAs JIaMIIay.
W3 BTOpOI KOPOOKM MOTJIa OBITh U3BJICUCHA JINOO CTAaHIAPTHAS JIaMIia (COOBITHE
By ), Ti0O HecTaHmapTHas (COObITHE B, ).

BeposTHOCTh TOro, 4TO W3 BTOPOW KOPOOKM H3BJICUCHA CTaHJAPTHAS JIAMIIA,
P(B;)=9/10.

BeposTHOCTh TOTO, YTO W3 BTOPOM KOPOOKHM W3BJCUCHA HECTAHIAPTHAS JIAMIIA,
P(B,) =1/10.

YciioBHas BepOSTHOCTH TOTO, YTO W3 IEPBOH KOPOOKH H3BJICUCHA CTaHIApTHAs
JIaMI1a, TP YCJIOBUH, YTO M3 BTOPOI KOPOOKH B MEPBYIO ObLIA MMEPEIIOKeHa CTaHIapTHAS
Jlamma, paBHa Pg (A)=19/21.

YcnoBHast BEPOSITHOCTh TOTO, YTO U3 HEPBOM KOPOOKM M3BJEYECHA CTaHIApTHAs
jJaMmna, TpH YCJIOBUM, 4YTO M3 BTOpOW KOpOOKM B TeEpBYyl0 Obula NepesoxkeHa
HeCTaH[apTHas JaMIla, paBHa P (A)=18/21.

Vckomast BEpOATHOCTH TOTO, 4YTO M3 NEpBOH KOpOOKH OyaeT H3BICUCHA
CTaHAapTHAs JTamIa, o ¢dopmyne TIOJTHOH BEPOSITHOCTH paBHa
P(A) = P(By)Pg, (A) + P(B;)Pg, (A) = (9/10)-(19/21) + (1/10) - 18/ 21) = 0,9.

Bomnpoc 5.2 BepositrHocTh runorte3. ®opmy.nl baiieca
ITyctp coObiTHe 4 MOXET HACTYyNUTh NPU YCIOBUHM MOSBICHHS OJHOTO U3

HECOBMECTHBIX coOwITHIl B, B,,...,B,, o0Opasyromux nHonHywo rpynmy. Ilockombky
3apaHee HE W3BECTHO, KAKOE M3 3TUX COOBITHUH HACTYIHUT, MX HA3BIBAIOT 2UNOME3AMU.
BeposTHOCTE MOsIBIIEHHS COOBITHS A ONpeenseTcs no GopMyie ONHOU BEPOSITHOCTH:

P(A) = P(B1)Pg, (A) + P(B2)Pg, (A) +...+ P(By)Pg (A). (5.2)

JomycTumM, 4TO MPOU3BENCHO HCIBITAHWE, B PE3yJbTaTe KOTOPOTO MOSBHIOCH
cobrbitre A. [TocTaBuM cBoel 3agaueil onpeneanTh, Kak U3MEHWIUCH (B CBSI3H C TE€M, YTO
cobObITHE A yXe HACTYMWIO) BEPOATHOCTH rumore3. [pyrumu cioBamu, OyaeM HCKaTh
YCJIOBHBIE BEPOSITHOCTH

Pa(B1), Pa(B2), ..., Pa(Bp).
Haiinem cHauana yCIOBHYH BEpOATHOCTb P(B;). Ilo Teopeme yMmHOMXEHUS
nMeeM

P(By)Pg, (A)

P(ABy) = P(A)PA(By) = P(B;)Pg, (A). Otcrona PA(Bl):T. 3aMeHUB 3/1eCh

P(A4) no popmyste (5.2), monydum
P(By)Pg, (A)
Pa(By) = .
P(B1)Ps, (A) + P(B;)Pg, (A) +...+ P(By)Pg, (A)

AHAIIOTUYHO BBIBOAATCS (OPMYJIBI, OIMPEICISIONINE YCIOBHBIC BEPOSTHOCTU

OCTaJIBHBIX THUIIOTE3, T. €. YCIOBHAS BEPOSTHOCTh JIFOOOW THIIOTE3Hl Bj (i =1, 2,...,N) MOXET
P(Bi)Pg, (A)

P(BL)Pg, (A) + P(B;)Pg, (A) +...+ P(By)Pg (A)

[Toydennsie GopMynbl Ha3BIBAIOT hopmyramu Betieca (IO IMEHH aHTIUHCKOTO
MaTeMaThKa, KOTOpPhIM WX BBHIBEN; OmMyOJukoBaHel B 1764 r1.). ®opmynsl beiieca

ObIT BBIUMCIIEHA 110 hopmylie Pa(Bj) =

27



MTO3BOJISIFOT MEPEOIIEHUTh BEPOATHOCTH THIIOTE3 IOCIE TOTO, KaK CTAHOBHUTCS M3BECTHBIM
Pe3yIbTaT UCIIBITAHUS, B ITOTE KOTOPOTO MOSIBUIIOCH COOBITHE A.

3adaua 1. Jletany, N3roTOBIsAEMbIE IEXOM 3aBOJa, MOMAIAIOT ISl TIPOBEPKH HX
Ha CTaHAAPTHOCTh K OJHOMY W3 JBYX KOHTPOJEpPOB. BepoATHOCTH TOTO, YTO HETaib
IoTaaaeT K mepBoMy KoHTpolepy, pasHa 0,6, a ko Bropomy — 0,4. BeposTHOCTH TOTO,
YTO TOMAHAs JeTanb OylneT MpU3HAHA CTaHAAPTHOM MEepBBIM KOHTpoJjepoM, paBHa 0,94, a
BropeiM — 0,98. 'omHas jmetans mpu MpoBepKe ObLIa MPU3HAHA CTaHIApTHOW. Haiith
BEPOSATHOCTH TOTO, UTO ATY JCTaJb MPOBEPHII MEPBBIH KOHTPOJIEP.

Pewenue. O603naunM 4yepe3 A COOBITHE, COCTOSIIEE B TOM, YTO TOIHAS JCTaNb
MpU3HAHA CTaHAAPTHON. MOXKHO cIenaTh [Ba MPEANOJIOKEHHUS: AeTab IPOBEPUI EPBBIA
KOHTponep (runoresa B, ); feTanb IPOBEPUIT BTOPO KOHTpOJIEp (rumotesa By ).

HckoMyro BEpOATHOCTD TOTO, YTO J€Tallb IPOBEPUII IEPBBII KOHTPOJIEp, HaWIeM
P(B)Pg, (A)

P(B1)Pg, (A)+ P(By)Pg, (A)

Ilo ycnoBmio 3amaun uMeeM: P(B)=0,6 (BEpOSTHOCTh TOTrO, 4YTO JeTallb

o ¢popmyie beiteca: Pa(By) =

MIOTIaAAeT K IEPBOMY KOHTPOJIEPY);
P(B,) =0,4 (BEepOSITHOCTH TOTO, YTO JETAJIb MOMAJIET KO BTOPOMY KOHTPOJIEPY);

Pg, (A) =094 (BEpOATHOCTH TOTO, YTO TOMHAS JETaldbh OyIeT NMpPU3HAHA IEPBBIM

KOHTPOJIEPOM CTaHIapTHON);
Pg, (A)=0,98 (BepOSITHOCTH TOTO, YTO TOAHAS JAeTalb OyneT MpH3HAaHA BTOPHIM

KOHTPOJIEPOM CTaHIapTHOM).
Hckomas BEpOSATHOCTE Pa(By) = __ 06094 0,59
AT 06-094+04.098

Kak BUIHO, JI0 UCTIBITAHUS BEPOSATHOCTH I'MNoOTe3sl B papHsmack 0,6, a mocie

TOT0, KaK CTaJl M3BECTEH PEe3yNbTaT UCIBITAHUSA, BEPOSTHOCTH 3TOM T'MIIOTE3bI (TOYHEE,
YCIIOBHAsT BEPOSATHOCTH) M3MeHWIach u crama paBHoW 0,59. Takum oOpazowm,
ucrionp3oBaHne  QGopmynsl  beifieca  MO3BONMIO  NEPEOLEHHUTH  BEPOSTHOCTH
paccMaTpuBaeMOM THIOTE3bI.

HpaKanecmle 3aJJaHU4 110 TEME

5.1. Ectp 10 MoHeT: 8 HOpMaJbHBIX, a Ha ABYX repO HaxoauTcs ¢ 0benx ctopoH. Haymauy
B3siTas MOHeTa OpocaeTcst TpH pas3a. HaiiTi BeposSTHOCTb TOT0, YTO BBIIAAYT TPH repoa.

5.2. B smuke 3 OenbIx ¥ 7 uepHbIX mapoB. OIUH IIap BBIHYIM HayJdady M OTJIOXKHIM B
ctopony. Cnenyronmii Hayrajq BBIHYTBIH miap okasajcs OenbiM. KakoBa BepoOsSTHOCTH TOTO, YTO
OTJIOXKEHHBII 1Iap ObLT OebiM?

5.3. B smuxe 3 Genbix n 7 4depHbIX mapoB. OXUH IIap BEIHYT U OTJIOXKEH B CTOPOHY.
KakoBa BeposITHOCTB, YTO CIENYIOIIMH BBIHYTHIH Imap OyaeT OenbIM, €clnyu IBeT IepBOTO
HEeH3BeCTeH?

5.4. Uucno Tpy30BBIX MAIIWH, MPOEIKAIOMMX MHMO KOJOHKH, OTHOCHTCS K HYHCIY
JIETKOBBIX MamivH Kak 3:2. BeposTHOCTh TOTrO, YTO Tpy30Basi MamiuHa OyAeT 3ampaBisiThCsl paBHA
0.1, a Toro, yto Oyzmer 3ampaBisThCs JierkoBas - 0.2. Y OGEH30KOJOHKM 3alpaBiseTcsi MalluHa.
HaiiTi BeposTHOCTB TOTO, YTO 3TO I'Py30Bast MalIMHA.

5.5. Tpu OXOTHHKa OZHOBPEMEHHO M HE3aBHCHUMO CTpEINSIOT B KabaHa. M3BecTHO, 4TO
nepBbIid momanaer ¢ BeposTHocThio 0,8, BTOpoit — 0,4, a Tpermit — 0,2. Kaban your u B HeM
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oGHapy»xeHs! 1Be mynu. Kak neaurts kabana?

5.6. Ilpn OTKIOHEHMH OT HOPMAaJIbHOTO peXnMa paboTHl aBroMara cpabaThIBaeT
curHanmzarop C-1 c¢ BepositHocThio 0,8, a curHammsarop C-11 cpabaTeiBaeT ¢ BEpOSTHOCTBIO 1.
BepostHOCTH TOTO, YTO aBTOMAT CHaOXeH curHanu3aTopoM C-1 unu C-11, COOTBETCTBEHHO paBHbI
0,6 u 0,4. [Tonyuen curHan o aBTomara. Uto BeposATHee: aBTOMAT cHaOxeH curHammsaropom C-1
i C-117

5.7. Ina y4acTusi B CTyIEHYECKHX OTOOPOYHBIX CIHOPTHBHBIX COPEBHOBAHHSAX BEHIIEIICHO
13 TepBOH Ipymnisl Kypca 4, U3 BTOopol — 6, U3 TpeTbel rpynmsl — 5 cTyaeHToB. BepositHocTH
TOTO, 4YTO CTYAEHT IIepBOH, BTOpPOH M TpeTbeil TIpynmbl MonagaeT B COOPHYIO HHCTHTYTA,
cootBercTBeHHO paBHHI 0,9; 0,7 u 0,8. Haynauy BEIOpaHHBINH CTYyJEHT B HTOT€ COPEBHOBAHUS ITOTIAI
B cOopHyto. K kakoii U3 rpyni BeposiTHee BCEro MpUHAIEKal 3TOT CTYACHT?

5.8. Tlaccaxxup MoxeT mpuoOpecTu OHIET B OJHOW U3 OBYX Kacc. BeposTHOCTH ero
oOpamienus B nepByro kaccy cocrtasinser 0,4 , a Bo Bropyro 0,6. BeposaTHocTs TOro, 4To B Kaccax
OUIIeTOB yKe HeT Takue: A nepBoit — 0,1, s Bropoit - 0,5. TTaccaxxup obpartuics B OIHY U3 Kacc
u ipuo6bpen omter. KakoBa BEpOsITHOCTH TOTO, YTO OH NpHOOpeEN OWeT B repBoi kacce?

5.9. Ectp d4erblpe WrpaJbHBIX KyOMKa M OJHA NpaBWIbHAs NupaMuna ¢ mudpamu Ha
rpassx 1, 2, 3 u 4. Hayran BeiOpanu npeamer n 6pocwin. Bemana nudpa 4. KakoBa BeposSTHOCTB,
YTO B3SUTH KyOUK?

Tema 6. IloBTOpeHHne McHbITAHUI
Bomnpoc 6.1 ®opmyaa Bepuyiu

Ecnu mpon3BoauTCsl HECKOJIBKO MCTIBITAHMH, TIPUYEM BEPOSITHOCTH COOBITHS A4 B
Ka)X[JOM HCTIBITAaHWM HE 3aBHUCHT OT MCXOJOB JPYTHX HCIBITAHHH, TO TAaKHE HCIBITAHUS
Ha3BIBAIOT HE3A6UCUMBIMU OMHOCUMENbHO cobbimust A.

B pa3HBIX HE3aBHCHUMBIX UCTIBITAaHUAX COOBITHE A MOKET UMETh JIM0O0 pa3iIMyHbIe
BEPOATHOCTH, JTMOO OJIHY U Ty ke BepoATHOCTh. byneM manee paccMaTpuBaTh UL TAKHE
HE3aBUCHMBbIE UCTIBITAHUS, B KOTOPBIX COOBITHE 4 UMEET OJHY H Ty K€ BEPOSTHOCTD.

Hmxe BocHosib3yeMcsl HOHATHEM CIOXCHO20 cOoObimus, TOHUMAs IION HUM
COBMEIICHNE HECKOJIBKUX OTIENBHBIX COOBITHIH, KOTOPBIE HA3BIBAIOT NPOCHbIMU.

IIycte mpoOW3BOAUTCA 7 HE3aBHCHMBIX HCIBITAaHUM, B KaXKIOM H3 KOTOPBIX
coObITHE A MOXKET MOSBUTHCS TNOO HE TOSBUTHCS. Y CIIOBHUMCS CUHUTATh, YTO BEPOSITHOCTh
cOOBITHS 4 B KaXXJIOM HMCHBITAHUM OJIHA M Ta )K€, a MMEHHO paBHa p. CiemoBaresbHO,
BEPOSITHOCTh HEHACTYIJIGHUSI COOBITHSA A B KaXXJOM MCHBITAHHUM TaKKe IOCTOSHHA M
paBHa g=1-p.

ITocTaBum mepen co0oii 3ajady BBYHMCINTH BEPOSITHOCTH TOTO, YTO TIPH 7
HCIIBITAHUAX COOBITHE A OCYLIECTBUTCS POBHO K pa3 H, CleqoBaTeNbHO, HE OCYIIECTBUTCS
n—k pa3. BaxxHo MOMUepKHyTh, 4TO He TpedyeTcst, 4TOOBI COObITHE 4 MOBTOPHIOCH POBHO
K pa3 B ompezieneHHON mocnenoBarenbHOCTH. Hampumep, eciii pedb UIeT O TOSIBICHUN
coOprtust A TPM pasa B HETBIPEX HCTIHITAHUAX, TO BOSMOXKHBI CIE/yIONIME CIOKHbIE

COOBITHS: AAAA, AAAA AAAA, AAAA. 3ammch AAAA, 03HAYa€T, 4YTO B IEPBOM, BTOPOM U
TPEThEM HCIBITaHUAX COOBITHE A4 HACTYNHMJIO, a B YETBEPTOM HCIBITAHWM OHO HE
MOSIBUJIOCH, T. €. HACTYNHJIO HPOTHBOIIONIOXKHOE COOBITHE A, COOTBETCTBEHHbII CMBICIT
HAMEIOT U APYTHUE 3aIHACH.

Hckomyto BepostHOCTs 0003HaunM R, (k). Hampumep, cumBon R;(3) o3Hawaer
BEPOSITHOCTH TOTO, YTO B ISITH MCIBITAHUAX COOBITHE TOSIBUTCS. POBHO 3 pasa W, cieloBa-

TCJIbHO, HC HACTYIIUT 2 pa3za.
29



ITocTaBneHHYIO 3a7ady MOXKHO PEMINTH C MOMOIIBIO TaK Ha3bIBAEMOH (hOPMYIIBI
bepnaynnm.

BoiBoa ¢opmyasl BepHynaiu. BeposTHOCTP OJHOTO CIIOKHOTO COOBITHSA,
COCTOSILIIETO B TOM, YTO B 7 HCHBITAHUsIX cOObITHE A HacTymut K pa3 u He HacTynuT n—K

pas, [0 TeopeMe YMHOKEHHS BEpPOSTHOCTE He3aBUCHMBIX coObITHiT paBHa pXq" K . Takmx
CJIO)KHBIX COOBITHH MOXET OBITh CTOJBKO, CKOJBKO MOXKHO COCTaBUTH COYCTAHUI U3 71

37EMEHTOB 10 K JJICMCHTOB, T. €. Crli. Tak Kak 3TH CIIOKHBIE COOBITHS HCCOBMCCTHBI, TO

[0 TEOpEME CIOXCEHUSI BEPOSITHOCTEH HECOBMECTHBIX COOBITHI HMCKOMas BEPOSITHOCTH
paBHa CyMMe BEpOSTHOCTEH BCEX BO3MOXKHBIX CIIOXKHBIX COOBITHHA. I[lOCKONBKY ke
BEPOSITHOCTH BCEX ITHX CIOXHBIX COOBITHH OAWHAKOBBI, TO HMCKOMas BEPOSTHOCTH
(mosiBernst K pa3 coObitust 4 B /1 UCHBITAHHSX) paBHA BEPOSTHOCTH OJHOTO CIIOXKHOTO

cOOBITHS, YMHOXKEHHOH Ha MX 9ucio: P, (k) = Cr‘f pkq”_k WA

Pak) = pkg" K.
k!(n—k)!

Ionyyennyro (hopMyiay Ha3bIBAIOT Gopmynou bepuyniu.

3adaua 1. BepoATHOCTh TOTO, YTO PAacXojd D3JEKTPOSHEPTHMH B IPOAOIDKCHHE
OJIHUX CYTOK HE MIPEBBICUT yCTAHOBJICHHOM HOpMBI, paBHa p=0,75. HaiiTu BeposTHOCTH
TOTO, YTO B OJIKaiIMe 6 CyTOK pacXo/1 SJIEKTPOIHEPTHU B TeUeHHE 4 CYTOK HE MPEBBICUT
HOPMBI.

Peuwienue. BeposITHOCTh HOPMAJIEHOTO pacxojia dIIEKTPOIHEPTHH B MIPOJAOIDKCHHE
KaKIOblX M3 6 Ccyrok mnoctosHHa u paBHa p=0,75. CrnenoBaTenbHO, BEPOSTHOCTb
mepepacxofa DIEKTPOIHEPTHH B  KaXKIple CYTKH TakKe TIOCTOSHHA W paBHA
q=1-p=1-0,75=0,25. Hckomass BeposTHOCTb 1O ¢Gopmyne bepHyIM paBHa
Ps(4) = Cg p*g® =15-(0,75)* - (0,25)* = 0,30 .

Bonpoc 6.2 HanBeposiTHelilee YUCJI0 HACTYIJIEHUS] COOBITHS

BuroMuHANBEHOE pacmpenencHue (paclpefelieHHe 1o cxeme bepHymm)
MO3BOJISICT, B YACTHOCTH, YCTAHOBHTBH, KaKO€ UHCIO TOSBICHUI coObITHS A Hamboiee
BeposiTHO. DopMyna Uil HAUBEPOSTHEHMIIIET0 YnCIia HACTYIIICHHUsI COObITUS K MMeeT BU/L:

np—q<k<np+p, mpuyem:

@) €CIT YUCIIO0 Np—( — OpOOHOE, TO CYIIECTBYET OJHO HAMBEPOATHEHIIIEE YHCIIO;

0) ecnu 4uCcIo np—( — IeNoe, TO CYIIECTBYIOT JIBa HAUBEPOSITHEHUIITUX YHCIIA, &
nMeHHO K n k+1;

6) €CJIM YUCJIO np — LIEN0€e, TO HauBEpOATHEHIee YiucIo k=np .

3aoaua 1. VcnbiThIBaeTCS KaXIbIH M3 15 3JI€MEHTOB HEKOTOPOT'O YCTPOWCTBA.
BeposiTHOCTE  TOro, 4YTO OQJIEMEHT BBIAEPKUT wucnbiTanue, paBHo 0,9. Haiitu
HaUBEPOSITHEHIIEE YUCIIO AIEMEHTOB, KOTOPHIE BBIAECPKAT UCIIBITAHUS.

Pewenue. Tlo ycnosuro N=15, p=0,9, q=0,1. Haiinem nauepostreiinee unuciao K
U3 JBOWHOTO HepaBeHcTBa 15-09-01<k<15-09+09; 135<k<14,4. CnemoBareibHO,
k=14 .

3aoaua 2. JlanHbICe ANUTENBHOI MPOBEPKU KauecTBa BBIITYCKAEMBIX CTAHIApTHBIX
IeTajlel mokasanmd, dYTo B cpegHeM Opak  cocraBuser  7,5%. Omnpenenuthb
HaMBEPOSITHEHIIEe YMCIIO UCTIPABHBIX JeTajel B MapTuu U3 39 mrTyK.
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Pewenue. Tlo ycnouro n=39, 0=0,075. Torma p=0,925. Haiigem
HauBepOSITHENIIIEEe YUCIIO K u3 nBOMHOrO HepaseHcTBa 39-0,925-0,075<k <39-0,925+0,925 ;
36 <k <37. CnenoBaTenbHO, HAUBEPOSITHEHINIEE YUCIIO UCIIPABHBIX AeTayneil paBHO 36 mnn
37.

3a0aua 3. Tlpm KakOoM KOJNHMYECTBE BBHICTPEIIOB HAMBEPOSTHEHIIEe YHCIIO
MoNIalaHni paBHO 16, €cy BEPOSATHOCTH MOMAZAHUS MIPH KaKIOM BBICTPENIE COCTaBIISET
0,7?

Pewenue. Tlo ycmosuro k=16, p=0,7, g=0,3. CocraBuM HepaBEHCTBO

2
07-n-03<16 07-n<163 |N<23=
0,7-n—-03<16<0,7-n+0,7. OTKyzna & 7
16<07-n+07  [153<07-n |56

=<

Takum 00pa3oM, YUCIIO BEICTPETIOB MOXKET OBITh 22 miu 23.
Bomnpoc 6.3 JlokanbHas Teopema Jlanaca

OdeBUAHO, YTO TONIB30BAThCA (hopMyioit bepHymm mpu OONbIINX 3HAYCHUSAX 71
JIOCTATOYHO TPYTHO, TaK Kak (popMyna TpeOyeT BHIIIOIHEHHS NeHCTBUI HAJ TPOMaJHBIMU
gyrcaaMd. EcTecTBEeHHO BO3HHKAeT BONPOC: HENB3S JIM BBIYMCIUTH WHTEPECYIOMIYIO HAcC
BEpOSATHOCTh, He mpuberas Kk (opmyne BepHymmu? OxaspiBaercs, MOxHO. JlokampHas
Teopema Jlamaca u 1aeT aCHMOTOTHYECKYIO (POPMYITY, KOTOPasi TI03BOJISIET MPHOIMIKEHHO
HaWTH BEPOSITHOCTH MOSIBIICHUS COOBITHSI POBHO K pa3 B 71 HCTIBITAHUSX, €CIIH YHCIIO HUCITBI-
TaHUU JOCTATOYHO BEIIUKO.

3aMeTuM, YTO JUI YaCTHOTO Cilydas, a MMEHHO Juis p=1/2, acCUMITOTHYECKas
¢dbopmyna Obuta Haiimena B 1730 r. Myaspom; B 1783 r. Jlatutac 0600w dhopmyiy
MyaBpa a1 IpOU3BOIBHOTO p, oTiimaHOoro oT 0 u 1. I[TosToMy Teopemy, 0 KOTOpPOH 3/1eCh
UIET pedb, MHOTIa HAa3bIBAIOT TeopeMoii MyaBpa—IJlamaca.

Jloka3aTenbCTBO JIOKAIBHOW TeopeMbl Jlamiaca JOBOJIBHO CIIOKHO, TIO3TOMY MBI
MpUBEJeM JIUIIb (QOPMYIHPOBKY TEOPEMBI W TIPUMEPHI, WUIIOCTPHPYIOIINE €€
HCTIOJIb30BaHUE.

JlokaabHas Teopema Jlansaca. Eciu BeposSTHOCTE p TOSABICHUS COOBITHS 4 B
KaX/IOM HCIIBITAaHNM TIOCTOSIHHA W OTIMYHA OT HyNId M €IUHHUIBI, TO BEPOATHOCTH
P, (k) TOTO, 9TO COOBITHE A TOSBUTCS B N MCIBITAHUSIX POBHO K pa3, mpHOIIKEHHO paBHA

(TeM TouHee, YeM OoJbIIe /1) 3HAYCHUIO (PYHKIINU

XZ

k—np
2

11 5
y=—t Ltz o Lo mpu x= K=
Jnpg Vor Jnpg Jnpg

X

1 X
Wmerorcst TabJMIbl, B KOTOPBIX MIOMEIIECHBI 3HAYSHUS] PYHKIMU ¢(X) = ——=€ 2,

Jor

COOTBETCTBYIOIIHE IIOJIOKUTENBFHBIM 3HAYEHUSAM aprymMenta x (cMm. mpuioxernue 1
B.E. IT'mypman «Teopus BepoATHOCTEH ®W MaTeMaTHYecKas CTAaTUCTHKa»). Jlna
OTPHUIATENFHBIX 3HAUYEHHH apryMeHTa IONB3YIOTCS TEMH € TaOMuIaMu, TaK Kak
GyHKIUSA ¢(X) 4eTHA, T.e. o(—X)=¢(X).

Wrak, BEpOSTHOCTb TOrO, 4YTO COOBITHE A TOSBUTCS B 1 HE3aBUCHMBIX
HCIIBITAHHUAX POBHO K pa3, NpHOIIKEHHO paBHA
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Pp(k) ~———-p(x), Taic x= <2,
Jpg Jipg
3a0aua 1. HaliTu BEepOSTHOCTH TOTO, YTO coObITHE 4 HacTynut poBHo 80 pa3 B
400 MCHBITAaHUSIX, €CIH BEPOSTHOCTh IMOSBIICHUS 3TOTO COOBITHS B KaXKJIOM HCIBITAHUH
pasHa 0,2.
Pewenue. Tlo ycnosuro, n=400; k=80; p=0,2; g= 0,8. Bocnomb3yemcs
acuMnToTnueckor opmysoit Jlamaca:
1 1

Pago (80) = m “p(x) = 3 ().

Brruuciaum OIpeAC/IAeMOC JaHHBIMU 3a/1a4i 3HAYCHUC X.
,_k-np _80-400-0.2

Jpg 8

ITo Tabnuie npunokenus 1 Haxoaum ¢(0) = 0,3989.

Hckomas BEpOSTHOCTE Py (80) = % -0,3989 = 0,04986.

@opmyna bepHymIM NpUBOAUT IMPUMEPHO K TaKOMy JKe pe3ylbTaty:
P400(80) = 0,0498.

3a0aua 2. BepoaTHOCTh TOpaKEHHsT MHUIICHW CTPEJIKOM IIPH OJHOM BBICTpEJC
p=0,75. Haiitu BeposTHOCTs TOTrO, yTO mpH 10 BBICTpenax CTPEIOK MOPa3UT MUIIEHb §
pas.

=0.

Pewenue. Tlo ycmosuio, n=10; k=8; p=0,75; = 0,25. Bocnoms3yemcs
acUMITOTHIEeCKOH opmyoii Jlamaca:

1
P10 (8) ® ———="9(x) =0,7301- ().
/10-0,75-0,25
Brruucium OIpeAeIsIeMoe JIaHHBIMU 3a1a4u 3HAYCHMEC X:

k—np: 8-10-0,75 ~036
Jopg  410-0,75.0,25

ITo Tabnuie mpunoxkenus 1 Haxoaum ¢(0,36) = 0,3739.
HckoMmas BepoaTHOCTB Pj(8) =0,7301-0,3739=0,273.
®opmyna bepHyuM NpUBOAUT K MHOMY pe3ylbTaTy, a UMEHHO Pjy(8)=0,282.

X=

CToslb 3HAUMTENBHOE PACXOXKICHUE OTBETOB OOBACHACTCS TEM, YTO B HACTOAILIEM
npuMepe n uMeeT Majnoe 3HaueHue ((opmyna Jlammaca gaeT AOCTaTOYHO XOpoliue
HNPHOIMKEHHS JIUIIb IPH JOCTATOYHO OOJBIINX 3HAYCHUSX 71).
Bonpoc 6.4 UnTerpanbHas Teopema Jlanaca

BHOBB NPEANONOKUM, YTO ITPOU3BOJUTCS 7 UCIIBITAHUH, B KaXKIOM U3 KOTOPBIX
BEPOSITHOCTh MOSIBIICHUSI COOBITH A mocrosiHHa U paBHa p (0<p<l). Kak Beramciauth
BEPOSITHOCTB Py (ky,ky) TOTO, UTO COOBITHE A MOSBUTCA B /1 HCIIBITAHUSIX HE MEHEe k; M HE

6omee k, pa3 (mms KpaTKOCTH OyZeM TOBOPHTH «OT k; 1o k, pa3»)? Ha stor BOmpoC

OTBEYaeT MHTerpayiibHas TeopeMa Jlarulaca, KOTOpYIO MBI NPUBOAMM HIJKE, OIYCTHB
JI0Ka3aTeNnbCTBO.
Hurerpansnas Teopema Jlaniaca. Eciii BEeposITHOCTD p HaCTYIJICHUS] COOBITHS
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A B KaXXIOM HCIIBITAHUM TOCTOSIHHA W OTIMYHA OT HYJS U €IUHHIBL, TO BEPOSATHOCTH
P,(ki,kp) TOTO, WTO COOBITHE A TOSBUTCA B # WCIOBITAaHUSX OT ki 10 ky, pas ,

pUOIMKXEHHO paBHA ONPEACICHHOMY HHTErpaiy

X" ZZ

R (kl,k2)~—je 2 dz, (6.1)

k—np kz—npl

Jipg Jeg

Mpu pelennu 3amad, TPeOYIOWMX NPHMEHEHHs MHTETPANbHON TeOpeMbl

Jlannaca, NoJb3yrOTCS CHEUMATBHBIMU TabJIMLAMH, TaK KaK HEONpEeNeH bl HHTErpa
ZZ

je 2dz He BBIpaXaeTcs depe3 OdNeMEHTapHble (QyHKuuH. Tabnuuma Ui HHTerpaia

rae x'=

Z2

D(x) ——je 2 dz npuBenena B koHie kauru B.E. I'mypman «Teopust BepOsSTHOCTEH 1

MaTeMaTuyueckas CTaTHCTHKay» (mpuiokenue 2). B Tabnuie maHbl 3HAUeHHS (QYHKIUA
®(X) AJs MOJIOKUTEIBHBIX 3HaYCHUHN X 1 it x=0; 11 x<0 MOJIb3YIOTCS TOM ke Tabauien
(byHkust ©(x) HeueTHa, T.e. d(—x)=-D(x) ). B Tabnuie npuBencHbI 3HAYCHHUS HUHTETrpaja
JUIIb 10 X=5, TaK Kak Uil X>5 MOXHO HpHHATH @®(X)=0,5. PyHKIHMIO @®(X) YacTo
Ha3pIBaOT ¢yHKuue Jlammaca.

it Toro 4ToOBI MOXXHO OBLIO TMOJIB30BaThCs Tabmuiei ¢yukuuu Jlamiaca,

mpeobpasyem cootHoienue (6. l) Tak:
2

Pr(ky k) ~ — Ie 2dz—‘/_J‘e 2dz+

= d(x") - d(X).
I/ITaK, BEPOATHOCTL TOI'0, YTO CO6BITI/IC A TOABUTCA B 7N HE3ABUCUMBIX

ucnbrtanusx o1 Ky 10 K, pas, By (kg ky) = O(x") - d(X), rae x' = k=P o ke b
vhpq Vhpq

2

X" L X R 1 X _L
24 —Ie 2 dz - Ie 2dz =
'0[ 0 27 0

IIpuBenem npuMep, MIUTIOCTPUPYIOIIMHA MPUMEHEHHE UHTErpanbHOIl TeopeMbl
Jlannaca.

3a0aua 1. BeposrHocTs TOro, uto aeranb He npouuia nposepky OTK, paBna
p=0,2. Haiitu BeposiTHOCTH TOrO, uTo cpexn 400 ciyyaliHO OTOOpaHHBIX JeTanei
oKaXkeTcs HenpoBepeHHbIX oT 70 1o 100 geraneit.

Pewenue. Ilo ycnosuto, p=0,2; q=0,8; n=400; k;=70; k,=100. Bocrionb3yemcst
HMHTErpanbHOM Teopemoi Jlamnaca: Pypq(70,100) ~ d(X") — D(X').
BbI4MC/IMM HKHUA M BEPXHMIT IPEIEITBI HHTETPUPOBAHHUSL:

o _ki—np _ 70-400.02

= =-125;
npq  4/400.0,2-0,8
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, ko—np 100-400-0,2
= = =25
Jopg  /400-0,2-08
Takum 00pa3om, uMeeM Pypq(70,100) ~ ®(2,5) — d(—1,25) = D(2,5) + D(L,25).
[To Tabnwe npunokeHus 2 HaxomuM: ®(2,5) =0,4938; @(1,25) =0,3944.
Hickomast BEpOSITHOCTE Pyq(70,100) = 0,4938+0,3944 = 0,8882.

X

IIpakTHyeckue 3aJaHus 10 TeMe

6.1. B Komienbke JiexaT 8 MOHET JOCTOMHCTBOM 5 KOIEEK M 2 MOHETHI JOCTOMHCTBOM 3
koneliku. Haynauy BeiOupaercss MoHeTa u Opocaercs 5 pa3. KakoBa BeposSTHOCTE TOTO, YTO B CyMMe
Oynet 15 ouxoB, eciu repd npuHIMaeTcs 3a 0 0UKOB.

6.2. TlpomsseneHno 10 moxOpachiBaHW OMHOW M3 TPEX MOHET: OJHA JIOCTOMHCTBOM 3
KOIEHKHU, O/IHA JOCTOMHCTBOM 2 KONEHKU M OJHAa JOCTOMHCTBOM 1 komeiika. KakoBa BeposTHOCTB
TOTO, 4TO B cyMMe OyneT 6 04KOB, eciv repd npruHUMaeTcst 3a 0 OUKOB.

6.3. McmbIThIBaeTCsl KaxIplii U3 15 2I1eMEHTOB HEKOTOPOTO YCTpOMCTBa. BeposTHOCTH
TOTO, YTO JIEMEHT BBIIEPKHUT ucnbITanue, pasHa 0,9. Haiitn HanBeposTHeiiIee 9HCIO 3IEMEHTOB,
KOTOPBIE BBIAEPIKAT UCTIBITAHHE.

6.4. Otmen TeXHWYECKOTO KOHTPOJs ImpoBepsier maptuio u3 10 meraneit. BepostHOCTh
TOTO, YTO JeTalb CTaHAapTHa, paBHa (,75. HaliTm HamBeposTHeiIee 4McIO AeTanei, KOTOpBIC
OyIyT MpU3HAHBI CTAHAAPTHEIMH.

6.5. ToBapoBen ocMmarpuBaeT 24 oOpasiia TOBapoB. BeposSTHOCTH TOTo, YTO KaXIbId U3
oOpa3ioB Oyzmer Npu3HAaH TOAHBIM K mponaxe, paBHa 0,6. HaliTm HamBeposTHelInee 4YHCIIO
00pasIoB, KOTOPBIE TOBAPOBEJ IPH3HAET FOAHBIMH K ITPOJIAXKE.

6.6. Haiitu HauBeposiTHE#iIIIee YHCIIO MPABHIbHO HAOUTHIX mephopaTopiuuiieii neppokapT
cpeu 19 mepdoxapT, eciu BEpOSITHOCTh TOTO, 4TO mepdokapTa Habuta HeBepHO, paBHa 0,1.

6.7. lBa paBHOCWJIFHBIX MPOTHBHUKA WIPAIOT B IIaxMarel. HaliTH HamBeposTHeMIIee
YHCJIO BBIUTPHIMEH s JI0O0To MmIaxmaThcTa, eciu Oyner ceirpaHo 2N pe3ynbTaTHBHBEIX (0e3
HUYBUX) MAPTUH.

6.8. /IBa cTpenka CTpelsoT o MUIIEHH. BeposTHOCTh poMaxa IpH OJJHOM BBICTpeENie st
nepBoro crpenka pasHa 0,2, a s Broporo — 0,4. Haiitu HauBeposiTHeiilee Ynciio 3ajroB, Mpu
KOTOPBIX He OYy/eT HU OJHOTO MONaJaHus B MULICHb, €CIH CTPENIKH MPOU3BEAYT 25 3aJIIOB.

6.9. /IBa cTpenka OAXHOBPEMEHHO CTPEISIOT 10 MHIICHH. BeposSTHOCTh HomamaHus B
MUILIEHb TIPU OTHOM BBICTpeElNie s MepBoro crpenka paeHa 0,8, a mius Broporo — 0,6. Haiftu
HaMBEPOSTHEHIIee YHCIO 3alI0B, MPH KOTOPHIX 00a CTpenKka MONMaayT B MUIICHb, eciH Oymer
rpousBesieHo 15 3anmos.

6.10. CkOJIBKO HAIO0 MPOM3BECTH HE3aBUCUMBIX HMCIBITAHUI ¢ BEPOATHOCTHIO TIOSBICHHS
COOBITHS B K&KJOM HCIBITaHHH, paBHOH 0,4, YTOOBI HAMBEPOSATHEHIIIEE YHUCIIO TTOSBICHUN COOBITHS
B 3THX HCIBITAHUAX OBLTO PaBHO 257

6.11. BeposTHOCTh TOSIBICHUS COOBITHSI B KaXJOM M3 HE3aBHCHUMBIX HCHBITAaHHH paBHA
0,3. Haiiti 4mcino MCHBITAHUI N, TIPH KOTOPOM HaWBEPOSTHEHINEEe YMCIO TOSBICHHHA COOBITHS B
9THX UCTBITaHUIX Oyner paBHO 30.

6.12. BeposTHOCTh MOSBICHUS COOBITHS B KaXJOM M3 HE3aBUCHUMBIX HCIBITAHHN paBHA
0,7. HaiitTi 9ico UCIBITaHUI N, TPHU KOTOPOM HAaUBEPOSTHEUIIIEE YHCIIO MOSBICHUN COOBITHS PaBHO
20.

6.13. Uemy paBHa BEpOSITHOCTh ) HACTYIUICHUS] COOBITUS B KaKAOM U3 49 HE3aBHCHUMBIX
VICTIBITAHUH, €CITN HaNBEPOSATHEHIIIEe YUCIIO HACTYIUICHUH COOBITHS B 3THX HCIBITAHUAX paBHO 307

6.14. Uemy paBHA BEpOSITHOCTh ) HACTYIUICHUS COOBITUS B KaKIAOM M3 39 HE3aBHCHUMBIX
WCTIBITAHHUH, €CIT HaNBEPOSTHEHIIIee YHCIIO0 HACTYIUICHHI COOBITHS B 3THX UCIIBITAHHUAX PaBHO 257

6.15. Barapes mpom3Bena HIECTh BBICTPENIOB IO 00BEKTy. BeposTHOCTH momamaHust B
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oObexT mpum oxHOM BhIcTpene pasHa (,3. Haiftu: a) HamBeposTHelIIee YHCIIO IOIANaHUI;
0) BEpOSITHOCTE HAaWBEPOSTHEHIEro YHCIA IOMANaHHi; B) BEPOSTHOCTh TOTO, YTO OOBEKT OymeT
paspylleH, eclii AJsl 3TOTO JOCTaTOUHO XOTs ObI IBYX MOMAaAaHUI.

6.16. ITpubop COCTOMT U3 TATH HE3aBUCHMO DPabOTAIOUIMX 3JIEMEHTOB. BeposTHOCTH
OTKa3a >JeMEHTa B MOMEHT BKJIIOYeHHs mpubopa paBHa 0,2. Haiftu: a) HauBeposTHelilee 4ucio
OTKa3aBIIMX 3JIEMEHTOB; O) BEPOSTHOCTh HAMBEPOATHEHIIET0 YHCIAa OTKA3aBIIUX 3JIEMEHTOB;
B) BEPOSTHOCTh OTKa3a NpHOOpa, €CIH Ul 3TOTO JOCTaTOYHO, YTOOBI OTKa3ald XOTs OBl 4eThIpe
JJIeMeHTa.
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