ТЕОРЕМЫ О СУММЕ И ПРОИЗВЕДЕНИИ ВЕРОЯТНОСТЕЙ

Тип занятия: лекция.
Основные вопросы:
1. Независимые события. Сумма и произведение событий
1. Теоремы о сумме и произведении событий
1. Вероятность осуществления хотя бы одного из независимых событий

Литература:
Алимов Ш.А., Колягин Ю.М., Ткачева М.В. «Алгебра и начала анализа», 2014.

Домашнее задание:
1. Изучить материал лекции, приведенный ниже.
1. Изучить §68-69 учебника. Составить по данным двум источникам конспект.
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[IpuMeHUM TEOPEMY YMHOXKEHHS H €€ CACACTRHE K PelIeHHIC
3apay.

3anaua 1. Marorasausaercs getaqb B BHiC HPHMO:
YrOJBHOTO Mapajienenunena. Jetanl cuuraercs KayecTsel:
HOft, eI AMHBA KaXKAOTO H3 ee peGep HMeeT OTKIOHEHHE o1
3a0aHILIX pa3mepoB He Goaee 0,01 mm. BepoaTrocrs ovkiOHE-
nuil, npespiwaioutux 0,01 Mu, coctaBaser no adupe P, =
= 0.08, no wupuie B, = 0,12, 1o uicore Py = 0,10.

HaiiTh BEPOsTHOCTh HENPHTOAHOCTH AETAH,

PeweHue,

P=1—(1=P)(1=P)(l —P)=
=1-=(1—0,08)(1 —0,12) (1 —0,10) =~ 0,27.

3anaua 2. BeposTHOCTL H3FOTOBACHHH GPAaKOBABHOTO
reHepaTopa ANA  aBTOMOGH.AKHONO — ABHTaTedsi  COCTAD.ISCT
0,0003. Haiith: 1) BeposTHOCTB TOTO, YTo B NapTiu na 200 re-
HEPATOPOR OKAXKeTCs XOTst GL1 OAUH GPaKOBAHHbIN; 2) U3 Ka-
KOTO KOJHYECTBA I'CHCPATOPOB JOJKHA COCTOATH MAPTHS, uTO-
6Ll BEPOATHOCTh HAZINISI B Helt XOTA 6Ll OAHOTO (PAKOKAHHOTO
6bna He Gonee uem 0,01.

Pemwenue. 1) Henosbsyem caefcTBHe H3 NOKA3aHHOM
TEOPCMBL:

P(A)=1~—(1—p).
Mo yeaosmo, n = 200, p = 0,0003, A — coGhrrne, co-

cTosulee B TOM, YTO B NapruH u3 200 renepatopoB oxamercs
XOTA 6Ll OAHH GPaKOBAHHKIIL.

P(A) =1 — (1 — 0,0003)2 = | — 0,997 ~ 0,045.
2) 0,01 =1 — (1 — 0,0003); 0,01 >1—0,9997";
0,99977 > 0,099; n lg 0,9997 < 1g 0,99;
10,099 | 1,9956 0,0044
NS oo b TS g 1S oo TS

Hrak, naprust 10/KHa cocroaTh He Goaee uem u3 44 rene-
paropos.

TeopeMLl COXKEINA H YMHOMKCHHS AI0T BOIMOXKHOCTH PO
HIe OMPEACAATh UCKOMYK) RePOSATHOCTb COGLITHS, eCaH Hemo-
CPEACTBEHHbIl NOICYET BCeX PABHOBO3IMOXIILIX M 6aarompu-
SITCTBYIOULMX COOLITHH MJH CJNQXKHBIA, WM HEBO3MOXHbBIH,

Haunnas pewath 3ajauy Ha BbIYHC/IEHHE BePOSITIOCTEH
CJIOMHBIX COOBITHI, NpeXae Bcero HCoGXOAHMO OOGO3HAUKTL
COGLITHSA, BEPOATHOCTh KOTOPHIX HAZ0 BBIUHCAHTH, M COOBITHA,
REPUAITHOCTD KOTOPBIX H3BECTHa Mo YCJ0BHIO 3agau. [lorom
uenecooGpasiio NPOBCPHTL, MOXKHO JH COObiTHE, BEpPOSTHOCTb
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KOTOPOTO BBLIMHC/ISIIOT, PEACTaBHTh B BHAE CYMMLI HIH NpOH3Be-
ZenHa COGHITHHA, BEPOATHOCTH KOTOPBIX H3BECTHBI HAM JIETKO
Haiiti. EC/H 37O BO3MOXMO, } COGBITHSI HECOBMECTHBI, B CAY-
4ae CYMMbI, H HE34aBHCHMBI, B CJyuac MPOH3BCACHHSA, TO HCKO-
MYIO BEpOATIIOCTh BBYHC/ANIOT C OMOULBIO TEOPEMbI CJIOKEHHH
WIH  YMHOXEHHS.

Lcan TakOe BHIUMCAEHHE BhIOAHWTH HEAb3s, TO CAEAYeT
nonpoBoBaTh HAHTH HCKOMYIO BEPOSITHOCT Yepe3 BePOSTHOCTb
COBLITHI, HPOTHBONOJIOKHBX AAHILIM.

UYaule BCEro Ha NPaKTHKE HPHXOAHTCA (HOBPCMEHHO HC-
T0JB30RATE TCOPEMLI CJAOXKeHHA H yMHOXeHHs . [Ipu sToM co-
ObITHE, BEPOSTHOCTh KOTOPOTO BRIYHCASIOT, MPCACTAaBAsoT B
DHIE CYMMLI HECKOJbLKHX HECOBMECTHBIX COOITHII, 4 KaXjoe
M3 HHX — B RUAC NMPOMADCACHIIA IIE3ABHCHMLIX COOLITHIL.

Ilas 06BACHEHHA TAKOro ctocofa peieHusi BEPHEMCA CIIO-
Ba K 3ajaue O ABOHIIOM BBICTpeje.

3anaua 3. Jlna crpeaka CTpensiioT 1e3aBHCHMO APYT
OT Apyra B OZHY H TY e Ueab. BeposttHocts nouajianns 41s
nepeoro crpenka pasua 0,8, a ana Broporo — 0,7. Haiirn se-
posiTHOCTH NOMaJaHKus B T1&Jb.

Pewemnue [lycrb A — nonaganie B neab nepboro
crpesika, B — nonaganue B ued» Broporo, C — nonananue
B LleNb.

Cobbitie C MOXIIO MPEACTABHTD B BHE CYMMbl TpeX HECOB-
mectubix cobuituii: C — AB -+ AB + AB, rie AB — cobui-
THe, COCTOALICE B TOM, YTO NEPBLIl CTPEJOK Nomasi B Ledb, a
BTOPOIt poMaxuyacs; AB — Bropoii nonaa B ueith, & NepByil
upomaxuy.cs; AB — o6a nonaau B ueab.

Kampoe U3 cjaraeMbix CyMMbl SIBJISIErCsi MPOH3BCACHHEM
ABYX HC3aBHCHMBIX COGLITHIY, a NOSTOMY AJISI BHIYHCJCHHH Hi
BEPOATHOCTEIl MOXHO HPUMEHIIT TCOPEMY YMHOXEIHs, a Arf
BLIYHCJIEHHA BEPOSITHOCTH COOMTH C — TeopeMy CJImKCHHsI:

P(C) =P (AB) + P (AB) + P(AB)= P (A) - P(B) +
+P(A)- P(B)+P(A)- P(B)==08-03+02-07 +
- 0,8-0,7=0,94.

3aanaua 4. B copepHOBaluAX MEXKAY CHOPTHBHBIME
obwectBavMu A 1 B npunumaior yuacrue tpH Komanasl. Ecan
neppas komaiia obiectsa A Gyner Hrpath ¢ Nepsoit KOMaH-
Bok obnecrsa B, BTOpasi cO BTOpPO#, a TpeTLs C Tperbeil, To
BEPOSITHOCTh BEIHFPBIILA KoMaui ofuectBa A Gyaer coovperct-
serno: 0,8; 0,4; 0,4. Jna noGeaw! 11340 BLIMLPAaThb HE MeHee
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UeM ABA Matya 13 Tpex {Hitibi
ofuwectna Gojce BeposTie?
Penternne Obosnaunw uepes M cobuiTie, cocTosiuee
B TOM, UTO BLHTPLIBAIOT Kok anibt ofmectsa /A, /A, — Buurpsi-
paet nepnas kowaia odutxcrsa A uporus nepioi B, Ay —
BTOPas APOTHR BTOPGH B. A, — Tperba npuris Tperseli B.
Coburrie M MOKHO 341HCATL KAK CYMMY NPOHSBICHRIT Hesa-
BECHMBIX COGB PHIT ‘ .

X He ObiBaer). llo6esa kakoro

A+ A4, A
478 UETHIPEK HECOBMCCTIBIX
A5l TPEX HCBABHCHMMX COObln
Ty

M= A, - A

TIpmMeRn Teopeay cans wuis
COBLITHIT 1T TROPeMY YO
THID KA I010 npox CACHIT,

P(M)y— P(A,A,4) + P(LAA) 4 P,
§PAAA) = 080404 6,801 00 |
080604402

S 0,4 = 0,54 5> -1
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§ 6. Teopema yMHOKeHHs1 BepOsSITHOCTEIT
He3aBUCHMBIX COOBITHI

PaC(.VlOTpH\I cirajasa 3anavy.

3anaua. [IBa CTpedKa COBEPIIAIOT OAIOBPEMEHIIO Bbi-
cTpes B OAHY wesib. -BeposTHoCTh nonazanus B uelb aas nep-
Boro crpesika 0.8, a aas Broporo — 0,7. Haiitn BépositecTb
NoNajaHHst B LeTh.

Pewen ue. [Ipexnosnoxuwm, uro nponssonures 100 apoii-
HbIX BbicTpesioB. [epsbiii cTpesok monaneT B uesb 80, a He no-
mager — 20 pas. [Tockoabky BTOpoii cTpenok 13 100 BhicTpe-
708 monajaer 70 pas, T. €. 7 pa3 u3 10 BoICTpesOB, TO U3 TeX
20 BEICTPENIOB, M3 KOTOPbIX MEPBLIA He Monafer B uedb, BTOPOi
nomaner B ueab 14 pas. Mrak, Bo Bpevs 100 aBofiHbIX BbICTpe-
nos Gyaer okoao 80 -+ 14 = 94 nonajauuil B neab. [Nostomy
BEPOSITHOCTh MONA’AHUSA B &b PaBHA

P(A) = W_094
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Ay 3ajauy MOXHO pellWTh HHaue, ecau
NPHMEHHTDb TeopeMy yMHOxenHs. Ho npexne
BCEro DDeleM ORpelesiellHe MPOH3BEieHHA
2BYX (WIH HECKOJIbKHX) COObITUEA.

Onpeneanenne [Tpoussedenuen
deyx cobtumuii A u B naswieaemcs cobmmue
C, cocmonujee & OCyujecmerenul npu eOURUNHOM UCNbIMAKLY
u cobotmus A, w cobeunus B.

Mpoussenenne AByx coGuithii oGozuavaior C = AB, nau
C = A ) B. Teomerpuuecku npouspefenne EBYX COGHITHI,
KaK H JABYX MHOXeECTB, H306DaXKaCTCs TaK, KaK MOKa3aHO HA.
pucyHke 185.

Iitst n coGLITH COUTRETCTBEHHO UCNIOAb3YIOT 0603HAUEH sl
A=AA, . A, A =A40N40N0..NA4,.

[Ipumep. A, — upowax npu nepom Bhicrpene, A, —
HPOMAX 1IpH BTOPOM BbiCTpede, Az — HPOMAX HPH TPETHEM
Brictpene. Torna A = A,4,A; — cobuiTHe, cocToAWEe B TOM,
UTO B MHIEHb He GY/1eT HH OJIHOTO MOMajaHHs.

Baellem onpenedeHHe HesaBHCHMbIX COGbITHEL.

Oupeneaenne Cobounue A Haweaemcs HesuBuCU-
Mmoin om coboimun B, ecau sepoamriocmy coboimus A e sasucum
OMm moeon, npousowao wuau Hem coboimue B.

MMpuMepu.
1) Bpocawor jia urpanabibix Ky6uka. llyers A — noseae-
HHE IUECTH OYKOB Ha MepBOM Kybuke, B — nossaexne Tpex

OYKOB Ha BTOpoM Ky6uKe. Beposaritocts cobuTHa A He 3aBHCHT
OF TOTO, HPVH30ILI0 Ju cobbirie B. To XKe caMoe MOXKHO CKa-
3aTh MPO BEPOATHOCTb COOLITHSI B OTHOCHTEqbHO cOGbiTHs A.
3neck cobuitus A H B — ucaapHcHMLIE.

2) B ypre 5 Geanix 1 3 wepueiX wapa. Jlpa e oBeka BbIHII-
MAKT M3 YPHBE 410 OiHOMY tapy. Pacematpupaiotea coGuitha:
A - - noasaerne 600 Wapa y NepBOro ueiosexkd, B — noss-
JICHHE (eloro iapa y BTOPOro uesopeka. BeposTHOCTh coGbi-

5

st A 10 Toro, KAK upou3ouLio cofbitie B, pabua 5 Cenu
coBuiTiie B NpOH30ILLT0, TO BePOATHOCTH cobbiths A Gyner pap-

1
na . Mrak, epoaTiocTs CoGbITHsI A 3aBHCHT OT coBEpLIEHUs!
coOhitis B. AHajNOTHYHO MOKHO PacCYHTaTh BEPOSITHOCTb CO-
GbiTHs1 B oTHOCHTENBHO cobbitis A.

Cobbitist A 1w B — 3apHchMbl APYT OT Apyra.

Teopema yMHOXKeHMHS YCTAHABIHBACT CBA3h MEXIY BEPOAT-
HOCTHIO HPOU3BEACHHA ABYX 1E3aBHCHMBIX COOBITHH 1 BEpOHT-
HOCTSIMH 3THX COOBITHH.
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Puc. 186

Teopewma. Bepoamnocme npoussedenus deyxr we-
saeucumvir cobrmuili A u B pasna npouseedenuio eepo-
amuocmeti amux cobvimuii, m. e.

P(AB) =P (A)-P(B). (1
HNukasarteabcTtBo. Ilycrb n — koanuectBo 3ie-
MeHTapHBIX COOBITHI, KOTOpBIe KakK .G/aronpuATCTBYIOT, TaK U
He GiaronpuaTcTBylOT coObitHIO A. M3o6pasum uX TouKamu
Ha naockoctd (puc. 186). Honycrim, uro cpean HHX n; coObi-
it Gaaronpuatctyior cobeiruio A. Ilyerb m — konuuecTsn
SMeMeHTapHbLIX COOBITHIT, KOTOPBE KaK 6/1aronpuATCTBYIOT, TaK
U He G1aronpuATcTBYIOT coGeitnio B. Cpefn HuX my cOOBITHI
GnaronpusATcTBYIOT coGbiTHIO B.

[MoncunraeM ofiiee KOJIUYECTBO JICMEHTAPHBIX COOBITHIL,
npu KOTOPBIX MOMET MOsIBUTHCH coGhitHe AB, H KOJIHYeCTBO
SEMEeHTAPHLIX COOBITHI, 0JaroNpHSTCTBYIOWHKX MOSIBJIEHHIO
cobbirust AB.

M3 cxemsl (cm. puc. 186) BuaHO, uTo 0fiee KOTHYECTBO de-
MEHTAPHBIX COGBITHH, MPH KOTOPBIX MOXKET MOABUTHCA COOBITHE
AB, paBHO mn, a KOAUYECTBO COOLITHIl, G1arONPUSTCTBYIOLLHX
cobuiTHio AB, paBuo nym;. Ho Toraa

PM)="%t, P(B) =

my
m
my

P(AB) = 01 = M1,

nm n m

Moncrapnss suavesus P (AB), P (A) u P (B) B paBencTso

(1), noayunM TOXAECTBO, AOKA3BIBAIOWEE CPABEATUBOCTD TEO-

pevbl.

TpumMeHUM JOKa3aHHYIO TeopeMy sl pelleHus 3agav.

3anaua I. 3ason usroraausaer 95 % cranmapTHbIX

u3neauit, npruem u3 Hux 86 % nepsoro copra. Haiitu Bepost-
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HOCTb TOTO, YTO HAJCJHE, H3FOTOBJEHNOL i TOM 3ABOAC, OKa-
WETCH NEPBOTH COPTA.

Peweunne llyetn 1 — coburue, costosuee B TOM, 410
B3ATOE H3IATANC crarjiap o, B~ usaesus |,cpum‘n COPTH,
C — n3gemie, H3rOTOBAENIOE 1A FTOM  sABOAY, TOKZ3ANOCH
uepeoro copra. Torww € == AB.

Taw kak coGuirus A 1 B HE3aniucill, 70 M0mHO HpHAe:
VNHTH TEODEMY YMUOARINI A0 BEBEILISHHSL BEPOATHOCTI CO-
OLirpn O

P(C)-= P(AB) = P 1) P(B) =05 (

= 0,820

3aaada 2o Beponioeth foavinrs Gnag s HePROIT

cnepatitir 08paduTan erzan pasia L%, op
Gpu rperhel; —— Ha'irin sepoutiiocty
fpakosanie GGET0AL 00y
ipex orney npioyesogmt
tOIORIEINHS BPAROEANIOI 1Tl B Bpe Wil onepanii.
Pomeonte Beeies ofomameis: HATCTORACH R
Opasusankol nr apr -1 onepatind, Ll - HITOTODICHHC
Gpaxesarnod 3etamt upn 2§ oncpann, Ay —srotosaeHe
CpakopanHoit acradil upu 3-it onepauiit, 4 - H3rotosJenye
HOOPAKORANKROIL AeTaML 11)eae TPeX oiepauitii nGpatoTki.
Ulo yeaopmo, P (A) =001, P (1,) - 002 P(A) =

Ca nocHe
LUBHCIHMOUTH 13-

CotLTHe A MO0 BHPASITD tepes coburenn A4, Ay, Ay KAk
UPOUBBEILHNE BTIIX BesasHcumbX colbivii:s P (A) — P (4,
4,).
Hpuscusist 10pety Vi 10KeIid, toay
(1) =P A D =P PU) P =
P - P - (0 — Py —
=0,99-0,98 - 0,97 = 0,041064 2,94,
Sagtaa 3 (sl 3a12ay o 1BoiEoN Beicrpeae na ¢, 481).
M OTONEPDb ITY 3ajiad’’ C ron ABMO FCOpcabl YNHOAKCH TS
Pemen e Myern 4 — cobinre, o e # Iolaja-
Hi'l B Wb TOPE0To CTPadia, B B nOnaAmnIt b ueah propo-
ro. Toraa P () = 0.3, P (B) = 0.7. llyors £ — nonadadue
B oee, Ouesivuio, w0 © — A == B, 1o upuMensts 3iech
TOCDEMY CIIKEUN A B2, T, K. 10 yeaosite (1 i B riecoaecer-
IHHCH DL
Aposttitoeth ¢coBortis C MOXKHO HAliT Yepes 8eponTiiocTs
nporBoanKnore e C. Coburie C - 111 oaiit cTpes
5K HE 6HATALT B uavib. Cllo mnousoilzer, Koria ikpuotil crpe-
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0K 1ie nonajer B nedb (cofbiTre A) W BTOPOIi CTPeNOK He Mo-

najet B uedab (codwitne B). rax, C = AB. [TockonbKy coGbITHS
A u B — nesamucumel, T0 MOXKHO npm{eﬂmb TeopeMy yMHO¥Ke-
Hus:
P(C) = P(AB)=P(A)- P(B) =(1 —P(A)-(1 —P(B)=
(1 —-0,8)(—0,7)=0,2-0,3=0,06. OTCK)}la
P(C)=1—=P(C)=1—0,06=0,94.

§ 7. BeposaTHocTb ocyiecTBIeHHUs XOT5 Gbl OAHOTO
U3 He3aBUCUMbIX COObITHI

Ipu pewenny 3ajay HHOTAA NPHXOAHTCS OMpeNesiTh Be-
POSITHOCTb OCYIIECTBAEGHHS XOTsl OBl OANOrO M3 HE3aBHCHMBIX
cobbituit Ay, A,, ..., A,, BEPOATHOCTb KOTOPBIX H3BECTHA.
B stux cayuasx yioGHO NMPHMEHSTH CJAEAYIOULYI0 Teopemy.

Teopema. Ecau codwumun A,, A,,..., A, — 63aun-
HO HEe3aeUCUINbl, MO 6€POAMHOCH OCYUWECMEACHUL LO-
ms Obr 00020 U3 HuX MoNcem Gbunb GLLPANCEHA Hepe3
gepoamiocims amux cobsimuii no ¢opmyaie

PA)=1—(1—=P(4))- (1 =P(4)) ... (1—P(4,).

HdoxaszareanwvctBo. [lycts A — cobbithe, cocrosi-
lee B TOM, 4YTO OCYLIECTBJISIETCS XOTS Obl OAHO H3 COOBITUH
A, 4,, ..., A,. Toria, 10 ONpejeseHHI0 CyMMmBbl,

A=A+ A4 - +A,.

Myctb A — coBbitie, nporusononoxnoe A. Torsa A co-
CTOHT B TOM, UTO HE OCYIECTB.ISCTCS HH OJHO H3 COObTHH A,
A, . A, leenu;mo uro 4 = A4, ... A,, upuuen cobui-

142 ny 1P
THS A Az, A TOKE HE3aBHCHMbBIE.

Mo Teopeme yMHo>Kemm,

P(Ay=P(AA, ... A)=P(A)P(AY) ... P(4,).

Tak xak P (4) = 1 — P (4), 1o

P(4)=1—P(4, A)y=1—PA)x
XPAy) ... PUA)=1--(1—P(A4) (1 —
—P(4) - ... - (1—=P(A)),

uTO H TPeGOBaJOCh 10KA3aTh.
Caencrtpue. Ecmi P(A) =P (4y) =..=P(4,) =p,

0 P(A)=1—(1—p).




