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BBEJIEHUE

[Ipeanaraemple MeTOAMYECKHE YKa3aHUs MpeIHA3HAYCHBI IS ca-
MOCTOSITENIFHOM pabOThI CTYAEHTOB 3a04HOTO (aKyIbTeTa B IPOLIECCE BBI-
MOJTHEHUS] KOHTPOJIbHON paboThl MPH M3ydeHUH TeMbl «Teopust BeposiTHO-
crei». MaTtemaThyeckoe conuepkaHhe NaHHOTO paszena HaIlpaBlIeHO Ha
(dhopmupoBanue y cryaeHTtoB odmekynbTypHbix (OK) n mpodeccuonans-
Hbix komnerermwi (I1K):

(OK-1): BnageHue KynbTypOil MBIIUTIEHHS, CIOCOOHOCTBIO K 00OOIIEHHUIO,
aHaNM3y, BOCIPHUATUIO WHPOPMALNH, TOCTAHOBKE LIETH U BBHIOOPY MyTel
e€ TOCTUKCHUS.
(OK-6): crpemieHue K caMOpa3BUTHIO, IOBBIMIEHUIO CBOCH KBalM(pHKa-
LMY U MacTepCTBa.
(ITK-1): ucnonp3oBaHHE OCHOBHBIX 3aKOHOB €CTECTBEHHOHAYUHBIX JUCIIH-
IUIMH B MPO(QECCHOHANBHON AESTENbHOCTH, MIPUMEHEHHUSI METO/I0B Mate-
MaTHYECKOT0 aHAJIM3a U MOJACIUPOBAHHS TEOPETHYECKOTO U IKCIIEPUMEH-
TaJbHOTO UCCICAOBAHUSL.
(ITK-2): crmocoOHOCTh BBISIBUTH €CTECTBEHHOHAYYHYIO CYIIHOCTh ITPOOIeM,
BO3HHMKAIOIINX B XOJ€ NMpO(ecCHoHaNbHON AeSTENbHOCTH, TPUBICYD IS
WX PELICHUS! COOTBETCTBYIONINN (PU3HKO-MAaTEeMaTHIECKUH anmapar.

1. DjeMeHTBHI KOMOMHATOPHKH

KomOunaTopuka - 5To paszien MaTeMaTHKH, TOCBALICHHBIN pe-
LICHUIO 33724 BEIOOPA U pACIIONOKEHHUS JIEMEHTOB B COOTBETCTBHH C 3a-
JaHHBIMU TpaBriiaMi. OCHOBBI KOMOMHATOPUKH OYEHBb Ba)KHBI 151 OLICH-
K{ BEPOATHOCTEN CITy4ailHBIX COOBITHH, T.K. IMEHHO OHH MO3BOJISIIOT O/~
CUNUTATh NPUHIMITHAIBEHO BO3MOKHOE KOJTMYECTBO Pa3IMYHbIX BAPHAHTOB
pa3BUTHA COOBITHH.

Poxxaenne KOMOMHATOPUKU Kak pasjiefia MaTeMaTUKU CBS3aHO C
Tpyaamu b. Ilackans m II. @epma mo Teopun azapTHbIX HUrp. Bonbmioi
BKIIaJ B pa3BUTHE KOMOMHATOpPHBIX MeTofoB BHecnu [.B. JleiiOnun,
S1. bepnynnu u JI. Diinep.

Jns hopMyIMpOBKM M pelIeHHs KOMOWHATOPHBIX 3a1ad UCIIOJb-
3YIOT pa3linYHble MOAEIH KOMOMHATOPHBIX coeamHeHuii. [Ipumepamu
OCHOBHBIX KOMOMHATOPHBIX COCIMHEHUH SIBISIOTCS: pa3MelleHus, nepe-
CTAHOBKH, COYETAHUS:

e Pa3memeHueM u3 7 DIIEMEHTOB IO M HA3BIBACTCS YHOPAOOYEH-

Huli HaOOp W3 M  Pa3NUYHBIX JJIEMEHTOB HEKOTOPOro 71 -

3JIEMEHTHOI'0 MHOXKECTBA, a X YHCIIO PaBHO:



A" :L=n-(n—l)-...-(n—m+l).

(n—m)!

B pasmerieHnsx BaxkeH HE TOBKO COCMA8 BXOIIIINX SIEMEHTOB, HO

U NOpsA0OK UX CIEIOBaHUSL.

e IlepecTaHOBKOW M3 71 3JIEMEHTOB Ha3bIBACTCS BCAKUU ynopsoo-
yennwvitl HAOOP M3 STHX DIIEMEHTOB. [lepecTaHoBKa TaKXKe SBISICTCS
pasMelIeHueM U3 71 DIIEMEHTOB MO 71, a MX YUCIO OyAET paBHO:
P =n=12-3-...-(n-1)n.

CumBon n! Has3piBaeTcs (aKTOPHATIOM M 0003HAYAET MPOHU3BEACHHE

Bcex wenbix ymcen or 1 mo n. Ilo ompeneneHuro cUMTAIOT, YTO

0!=1,1=1.

e Couyeranuem U3 1 1O /M Ha3bIBacTCI HAOOP 71 DIIEMEHTOB, BBHI-
OpaHHBIX W3 JaHHBIX 7 3JIeMeHTOB. HaOopel, oTiuuarommecs
TOJIBKO MOPSAKOM CIICAOBAHHS IEMEHTOB (HO HE COCTABOM), CUH-
TAIOTCSl OAWHAKOBBIMM, 3THM COYETaHHS OTIMYAIOTCS OT pa3Me-

n!

LEeHNH, a uX 4ucino pasuo: C' = ————.
(n—m)-m!

B coueTtaHusx Ba)XHO JNHLIb Haiuuue BXOMIIIUX SJIEMEHTOB U He 6a-

JHCcer NopsI0OK UX CIICIOBAHMUS.

ScHO, yTO coyeTaHW#l BcerJa MeEHbIIE, YeM pa3MeIleHHH (T.K. Ipu

pasMenIeHus X TOPSIOK BaXKeH, a JUIsl COYCTaHUK HET), TPUIEM UMEH-

HO B 7! pa3, TO ecTh, BepHa popmyna cBs3u: A" =C" - P .

[IpaBuna caoKeHHsI 1 YMHOKEHHUSI B KOMOMHATOPUKE HA3bIBAIOTCS
OCHOBHBIMH MPABUJIAMH KOMOUHATOPUKH.

IpaBuio ymHoxenus. Eciiu HekoTOpbIii 00beKT A MOKHO BbI-
Opath m crmocobaMu, ¥ MOCJe KaKJ0ro TaKoro BeIOOpa Apyroil 00b-
eKT B MoxHO BBIOpaTh (HE3aBUCUMO OT BbIOOpa 00bekTa A ) 1 cro-
cobamu, To mapel 00bekToB A U B MOXHO BbIOpaTh M -1 Ccrocoda-
MHU.

IpaBuio cioxenusi. Eciu HeKOTOpBIit 00bEKT A MOMHO BBI-
Opate m cnocobamu, a 00beKT B - qpyrumu 7 crocodamu, To BEIOOp
00bekTa A WM B MOXHO BBINONIHUTE 71 + 1 CIIOCOOAMH.

JpyruMu clioBaMu:

e FEcnu B ycnoBuM 3a7a4yu 3BY4UT coto3 U, To BeIOMpaeM mpaBu-

JI0 YMHOKEHHUSI.



e Ecnu B ycnoBuM 3agaun npucyrctByer coro3 WJIM, To nmoms-
3yeMcsl IPABUIIOM CIIOKEHHS.
2. Cayuaiinblie coObITHA. JleiicTBUSA HAL COOBITUSIMU.

Cay4aiiHbIM Ha3bIBACTCS COOBITHE, KOTOPOE MOXKET IMPOH30UTH
WIH HE IPOU30UTH B PE3yJbTaTe HEKOTOPOrO SKCIIEpUMEHTA (MCIIBITaHUS,
ombiTa, HaOmoaeHus). Takum o0pazoM, COOBITHE paccMaTpHBAETCA Kak
pe3ynbTaT (MCX0M) HEKOTOPOro SKCIEpPUMEHTA.

CoOpITHE Ha3bIBAETCS AOCTOBEPHBIM, €CIIM OHO 00s3aTeNbHO Ha-
CTYIHT B pe3yJbTaTe pacCMaTPUBAEMOTO SKCIIEPUMEHTA; IOCTOBEPHOE CO-
ObITHE 0003HAaYaCTCsI rpeveckoit OykBoi €2 .

CoOpITHE Ha3bIBacTCSI HEBO3MOKHBIM, €CIM OHO 3aBEJOMO HE
MPOU30HAET B pe3ynbTaTe MPOBEACHUS YKCIIEPUMEHTA; HEBO3SMOXKHOE CO-
ObITHE 0003HAUAETCA CUMBOIOM O.

JIBa CcOOBITHSI HA3BIBAIOTCS HECOBMECTHBIMH, €CIIH IIOSBIICHHE
OZIHOTO M3 HUX UCKIIOYaem TIOSBICHUE IPYTOTO B OJHOM M TOM K€ JKCIIe-
PUMEHTE; B IPOTUBHOM CITydae COOBITHS HAa3bIBalOTCSI COBMECTHBIMHU.

Cobbrtust 4,,4,,..., 4

eClIu JI00kIe JBa U3 HUX HCCOBMCCTHBIC.

Ha3bIBAIOTCA IMOINAPHO-HECOBMECTHBLIMM,

n

Cobbrtust 4,,4,,...,A, 00pa3yior MOJHYI0 IPYHIy, €CIU OHU IIO-
MapHO-HECOBMECTHBIC U B PE3YJIbTaTe KaXKJOr0 IKCIEPHUMEHTa MPOHCXO-
IUT OOHO U MOIbKO 00HO U3 HUX.

Heckonbko COOBITHIT B TAHHOM JKCIIEPUMEHTE Ha3bIBAIOTCS PaB-
HOBO3MOKHBIMH, €CJTH HU OJTHO M3 HUX HE SBISIETCS OOBbEKTHUBHO Ooliee
BO3MOJKHBIM, YeM JApYyTHUe (T. €. BCe COOBITHS MMEIOT PAaBHBIC (IIIAHCHI»).

MHOXECTBO 6CeX 603MOJCHbIX B3aMMOUCKIIIOYAIOMINX COOBITHI
(MCXOIOB) JaHHOTO SKCIEPHMEHTa HA3bIBACTCS MPOCTPAHCTBOM JJIeMEH-
TapabIx co0biTHii ([I9C), a camu UCXoApl — 3J€eMEHTAPHBIMH COObI-
THSIMH.

Cymmoii cobeitiii A u B HaseiBaercst coositie C = A+ B, co-
CTOsIIIICe B HACTYIUICHHH, MO KpaiHEeH Mepe, OMHOro u3 CoObITuit A win
B, 1. e. B HacTyruieHun cobbiTust A, Wik coObITHsL B, WK 000MX 3THX
COOBITHIT BMECTE, €CJIN OHH COBMECTHBI.

Ipoussenenuem cobOsituii A4 wu B HasbBaercst COOBITHE
C = A- B, cocrosuiee B TOM, YTO B PE3YJIbTATE HCIBITAHMS TPOH30ILIO U
cobbiTe A , 1 cobbITHe B, T. €. 00a COOBITHS MTPOU3OIILTH.

PasHocTbio coObiTuli A u B HaseBaercs coObitue C = A\ B,
COCTOSIIIIEE B TOM, YTO MPOHU3OLLIO COOBITHE A , HO HE MPOU3OLLIO COOBI-
e B .



CoobiTie A Bie4éT codbiTHE B (Mn A SBIsIeTCS YaCTHBIM CITy-
qaeM B ), eciu U3 TOro, 4TO MPOMCXOAUT COObITHE A , CICAyeT HACTYILIe-
HHe coObiTHs B ; 3amuchiBaroT 910 Tak: A C B

Ecou A B u Bc A, 10 cobbitusi A u B HasbBaoTcs pas-
HBIMH; 3T0 0003Ha4aroT Tak: A = B.

IIpOTHBONOJIOKHBIM COOBITHIO A Ha3bIBAIOT COObITHE A , KOTO-
poOe MPOUCXOMUT TOrJa M TOJNBKO TOrJa, KOIJIA He npoucxooum COObI-
e 4.

DiieMeHTapHbIE COOBITHS, KOTOPBIE PUBOIAAT K HACTYILIEHHIO CO-
ObITHS A , Ha3BIBAIOTCS COOBITHAMU GJIATONPUATHBLIME WK GJArONPUSAT-
CTBYOUIMMH ISl HACTYILIEHHS COOBITUS A .

3. BeposiTHOCTB CIy4ailHOTO COOBITHS.

BeposiTHOCTh COOBITHSI YHCICHHO XapaKTepU3yeT CTEHeHb BO3-
MOKHOCTH €T0 MOSIBIICHUS B PACCMATPHBACMOM OIIBITE.

BeposiTHOCTBIO COOBITUSI A Ha3bIBACTCS OTHOLICHHUE YHCIIA HCXO-
JI0B M , OIArOMpPHUSTCTBYIONIMX €r0 HACTYIUICHUIO, K YHCITy BCEX HCXOJIOB
n (HeCOBMECTHBIX, CIMHCTBEHHO BO3MOKHBIX M PABHOBO3MOXHBIX) B pac-
CMaTPUBAEMOM JKCIIEPUMEHTE:

p4)=",
n
Takoe ompeieieHue BEPOSITHOCTH HA3bIBACTCS KIACCHUCCKHIM.
W3 KIacCHMYecKoro OMpeneiCHHs — CIEMYIOT CBOWCTBA BEPOSTHOCTH:
0<P(4)<1; P(I)=0; P(Q)=1; P(4)=1-P(4).
4. TeopeMbl CJIOKEHHS 1 YMHOKEHHUS BePOSITHOCTEI.

Teopema cii0:KeHUsI BEPOSITHOCTEI

BeposiITHOCTh CyMMBI IBYX HECOBMECTHBIX COOBITHII paBHA CyMME
BEPOSITHOCTEH ATUX COOBITHIA: P(A +B ) = P(A) + P(B )
B ciyuae, korma coobitusi A 1 B COBMECTHBI, BEPOSTHOCTD X CYMMBI
BBIpaXKaeTcst popMyIIon: P(A + B) = P(A) + P(B) - P(AB),
rae AB — npoussenenue coobituit 4 u B .

Teopema yMHO:KeHHMSI BEPOSITHOCTEIl

VCII0BHO# BEpOSTHOCTBIO COObITHS A TipH ycioBuu B (o603Haua-

ercs P(A/ B )) HAa3bIBAaCTCs BEPOITHOCTh COOBITHS A, HaliIcHHas TIPU yC-
JIOBHH, YTO COOBITHE B mNpoM30HUI0. JTa BEPOSTHOCTH HAXOAUTCS IO



bopmyne P(A/ B) = % AHaJOrMYHO ONpeneseTcs ycIoBHAs Be-

POSITHOCTH COObITHSL B 1pu ycnoBun A: P(B / A) = %

Teopema yMHOXEHHUSI BEPOATHOCTEH AJIS 3A6UCUMBIX COOBITHHA.

BeposiTHOCTD TpoHM3BeneHHs IBYX COOBITHI paBHa BEPOSTHOCTH
OJTHOTO M3 HUX, YMHO)KEHHON Ha YCIOBHYIO BEPOSTHOCTb JPYTOro npu yc-
JIOBUH, YTO TIEPBOE COOBITHE MPOU3OILIO:

P(AB)=P(A)- P(B/ A), wu P(AB)= P(B)- P(4/B).
CJIeJICTBHe. BepOSITHOCTL COBMCCTHOI'O HACTYIUJICHUA ABYX HE3a-
BUCUMBIX COObITHIT A W B paBHa MPOHM3BENCHUIO BEPOSITHOCTEH ITHUX

COOBITHIA: P(AB) = P(A) . P(B).

CuaencrBue. [Tpu MpOM3BOIUMBIX 71 OJWHAKOBBIX HE3aBUCHMBIX
UCIIBITAaHUAX, B KAXKIOM U3 KOTOPBIX COOBITUS A TIOSBISIETCS C BEPOSITHO-
CTBIO P , BEPOSTHOCTH MOSIBIICHHSI COOBITUSI A XOTs ObI OJIMH pa3 paBHA

71
1-(1-p).
5. ®opmyJa noaHoii BepossTHocTH. DopMmyJinl Baiieca.
Iycts H|,H,,....H
coObiTuid  (Takue coObITHA OyZeM Ha3plBaTh THIOTE3aMH) T. €.

— IOJIHadg rpyiimna mnmonapHo-HECOBMCECTHBIX

n

n
H -H,=0, ZH ,=Q u A — cobbITHEe, KOTOPOE MOXKET HPOU3OUTU
i-1

TOJILKO CO6MECHHO C OHUM M3 HUX.
ITycTh, KpOME TOrO, HaM U3BECTHBI P(H i) U YCIIOBHBIE BEPOSATHO-

cTH P(A/Hi) (i =1,2,...,n).

Torma  BeposTHOCTH  cOObITHS A BhMCIsgeTcs 10 (GopMmyie:

P(4)=P(H,)-P(4/ H,)+ P(H,)- P(A/H,)+...+ P(H,)- P(4/ H,)=
= Zn:P(H i)-P(A/ H i) - oTa ¢opmyna Has3biBaeTcs GOpMYyJI0ii MOJTHOH
i-1

BEPOSITHOCTH.
[Tocne mpoBenéHHOr0 3KCIIEPUMEHTa MPEKHUE (ampHOpHBIE — OOMBIT-

HI:IG) BCPOATHOCTH T'UIIOTE3 P (H i) JOJI?KHBI OBITh 3aMEHEHEI HOBBIMH yc-

JIOBHBIMH BC€POSATHOCTAMM, KOTOPBIC BBITUCIAKOTCA 110 (l)OpMYJ'IaMl



P(Hi)'P(A/Hi)
P(4)

cs popmynamn baiieca. OHU NO3BOJNSAIOT MPOM3BECTH NEPECUET BEPOST-

HOCTEl TUIIOTE3, eClTU cOObITHE A yKe MPOU3OIILIO.

P(H,/ A)=

, i=12,...,n - 3Tu Gopmysbl HA3BIBAIOT-

6. IloBTOpHBIE He3aBMCHMBbIE HCTILITAHUS.
®opmyaa bepuyain.
®opmyaa bepuyaan
[Tycts mpoBOAWTCS 71 HE3aBUCHMBIX HCIBITAHUNA, B KaXIOM W3
KOTOPBIX MOXXET MPOU30MTH COObITHE A ¢ 00HOU U mou-dice 8eposimHoO-

cmovio p (10 TPaJULMK TAKOH MCXOM OMBITa HA3BIBAIOT yCcnexom), Tn0o He

HOSIBUTBCSL C BEpOsTHOCTBIO ¢ =1— p. Paccmotpum cobweitne B, , co-

m?

CTOAIICC B TOM, 4YTO coObITHE A B 3THUX 71 UCIBITAHUAX HACTYIIUT POBHO

m pas H, CJICOA0BaATCIIbHO, HC HACTYIIUT POBHO (I’l —m) pas. O0603HaYNM

4 (i =1,2,...,I’Z)H0$IBJ'ICHI/IC cobbitust A, a A - HemosiBIeHUE COOBITHS

AB I -M HCHIbITaHnu. B CUJTy IOCTOSIHCTBA yCJ'IOBI/Iﬁ HUCIIBITAHUA UMCCM

P(4)=P(4,)=...= P(4,)=p,

P(4)=P(4,)=...=P(4,)=1-p=4.

CobbiTie A MOXET HOSIBUTBCS M1 Pa3 B PasHBIX [OCICHOBATEIb-
HOCTSIX WMIIM KOMOMHALMSX, YePEAysiCh C HPOTHBOIOIOKHBIM COOBITHEM
A . Uncio BOSMOXKHBIX KOMOMHALE TAKOrO POJia PaBHO YHCITy COUCTAHHIE
u3 n sneMentoB mo m, 1. e. C.'. CienoBatenbHo, coObITHE B, MOXHO
IIPE/CTABUTH B BHIE CYMMBI CIIOXKHBIX HECOBMECTHBIX MEXIy COOOH co-

ObITHH, npUIeM YHCIIO claraeMbIx paBHO cr.

B, =A1A2...Amz .A_n+...+ZZ...Zn7mA A, rme B Kax-

m+1** n—-m+1°**“"n>

n0€e Tpou3sBeieHne coobitue 4 BXomuT m pas,a A —(n - m) pas.

BeposTHOCTD KaXIOr0 CIOXHOTO COOBITHSI, BXOASALIETO B 3Ty
¢dopMmyny, Mo TeopeMe YMHOXKEHHUSI BEPOSITHOCTEH AJIsl HE3aBHUCUMBIX CO-

n—m

ObrTHii paBaa p”'q" " . Tak kak o0lee KOJNYECTBO TAKUX COOBITHIT PaBHO

8



C", T0, UCTIONIB3YsI TEOPEMY CIIOKECHUSI BEPOSITHOCTEH ISl HECOBMECTHBIX
COOBITHH, HOMy4aeM BEPOATHOCTh COObITUS B, (0003HaumM ee

PH(A,m) ): P,,(A,m) = C"p"g"™" wm F;(A,m) _ n!

m'(n - m)’ P
- 3Ty QopMyiy Ha3bBalOT GopmyJioii bepuynau, a noBTopsIonIMEcs Hc-
MIBITaHUSA, YJOBJIETBOPSIOIINE YCIOBHIO HE3aBUCUMOCTH M IIOCTOSTHCTBA
BEPOSITHOCTEH MOSIBIICHHS B KaKIOM M3 HHUX COObITHS A , Ha3bIBAIOT MC-
NBITAHUSAMH 10 cxeMme BepHyJum, ninm cxemoii beprysin.
7. HIpnomxénnnie popmyJinl B cxeme bepryiin.
®opmyaa Ilyaccona. Jlokansnasa ¢popmyna Myaspa-Jlannaca. UHTe-
rpaasHas popmyia Myaspa-Jlaniaca.

®opmyna bepaymim — tounast popmymna. OmHako mpu OONBIINX
3Ha4YeHUSX 7 (OONBLIOM YKCIIEe UCTIBITAHUI) BBIYMCIEHUS MO HEH cTaHo-
BATCSI TPOMO3JIKHMHU H3-32 HEOOXOOMMOCTH BBIYMCIEHHS (PaKTOpPHAIOB
OONBIINX YHCEI U CTEMEHEeH ¢ OONBIINME MOKa3aTesiMU. B mporecce aTux

BBIUMCIICHUN HEeM30EKHO MPUACTCS MPOU3BOIUTH OKPYTIICHHUS, YTO TpUBE-
JeT K MOTPEIIHOCTH MPHU ONPEACICHNH UCKOMO BEPOSTHOCTH PH(A,m).
[Ipryem k morpemHocTH TeM Oonbliei, yem Oonblie OyAeT 3HaueHHe A
(uucna ucnbiTanmii). B cBs3u ¢ atM U3 Qopmyisl bepHynian BeIBeneHBI
yIpOUIeHHBIE TPUOIMKEHHBIE (HOpMyIBl A PH(A,m), KOTOpBIE, TeM

TOYHEE, YeM OOJIbIIe YUCIO 71 .

®opmyaa [lyaccona
Ecnu yncno ucnelTanuii 72 JOCTaTOYHO BEIMKO, a BEPOSITHOCTh P JIOCTa-

TOYHO Mana, (00bruHO goctatouno ycnosuit p < 0,1; npg <10), To Bepo-

ATHOCTD P, (A, m) MOXKHO MTPUOIMKEeHHO HaliT 1o popmyne [Tyaccona:
m _—a

P,1(A,m)=%, rue a = np.
m!

JlokanbHas Teopema Myaspa-Jlanuaca
Ecnu yncno ucnslTaHWil 77 JOCTATOYHO BENIHMKO, a BEPOATHOCTHU

P ¥ ¢ He 04YeHb OJNM3KHU K HyII0 (00BIYHO TocTaTouHo yeinoBuid # > 100 ;
npq >20), T0O BEepOITHOCTD PH(A,m) MOXHO TPUOIMKEHHO HAWTH 110
¢dopmyne Myaspa-Jlannaca:



1

_W(P(’C)a

XZ

m—np 1
e X =——, @p\x)= e * - pynkuus ['aycca.
NI ( ) N2

HNuaTerpanbuas Teopema Myappa-Jlaniaca
B ycnoBusx nokansHO# Qopmynsl Myapa-Jlaniaca BeposITHOCTh

Pn(ml <m< mz) TOr'o, 4TO YHMCJIO YCIEXOB 771 3aKIIOYCHO MEXAY 4YHC-

JaMH M, U M, , MO)KHO IPHOIMKEHHO HAWTH 10 MHTErpaabHOH (opmyie
Myaspa-Jlamnnaca:
Pn(ml sms< mz): @(xz)_@(xl)’

_m —-np _m,—np 1 [ 7%
e X, =———, X, =———, Dlx)= e 2dx — ¢ynkuus
bodmpg T npg ) Vor !

Jlannaca.

3nauenue ¢pynkuuii ['aycca u Jlanmnaca Haxonsates mo tabiunam 1
ctp. 39 u 2 crp.40.

®opmynsl beprynmu, Myaspa-Jlannaca u Ilyaccora npumMeHsI0T-
Cs B TeX Cly4asX, KOIJIa PacCMaTpHUBAIOTCS HCTBITAHUSA, YAOBJIETBOPSIO-
mme cxeme beprymmm. [Ipy 5TOM BajkHO MPaBHIIBHO BBIOPATh COOTBETCT-
BYIOIIYIO (hOPMYITY.

8. Canyuaiinblie BetnuuHbl. [lonsiTHE ciy4yaiinoil BetnunHbL. uc-
KpeTHBbIE cay4aiiHble BeTUYHHbL. Unc10Bble XapaKTePHCTUKY THC-
KPEeTHBIX CJIYyYaiiHbIX BeJTHYHH.

PaccMoTpuM Te 3KCIEpUMEHTBI, pE3yIbTATOM KOTOPBIX SBIISIOTCS
qycia.

[lon cay4yaiiHoM BeJIMYHMHONW TNOHMMAIOT BEIHYMHY, KOTOpas B
pe3yabpTaTe OMbITa CO CIYYalHBIM MCXOJOM IMPHHHUMAET TO WM MHOE YH-
CIIOBOE 3HaUEHHE, 3apaHee HE U3BECTHOE, KAKOE UMEHHO.

Caydalinpie BETHUMHBI (KPaTKO C.B.) 0003HAYAIOT OONBIIUMH JIATUHCKUMHU
OykBamu X, Y,..., a IpUHUMaeMble HMU 3HAYCHUS — MAJIBIMH JIATHHCKH-
MU OYKBAMHU X, Xy, vy Vis Voseees

To ecth ciyyaitHas BenmuunHa X €CTh YUCIOBas QYHKIHS, ONpeACIEHHAs
Ha MPOCTPAHCTBE 3JIEMEHTAPHBIX COOBITHI (2 .

Taxum 06pa30M, cB. X KaKIOMY DJJICMCHTApPHOMY COOBITHIO CTaBUT B
COOTBCETCTBUC HCKOTOPOC ):[eﬁCTBPITCHLHOC YHUCIIO.
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st Toro, 94ToOBl OIYYUTh TONHOE MPEACTABICHHE O JAHHOW CIyJaiiHON
BEIMYMHE, HEJOCTATOYHO 3HATh, KAKHE 3HAaUCHHsI OHA PUHUMAET — BaKHO
3HATh HACKOALKO YACMO OHH TMPUHHMAIOTCS 3TOH BENMYMHON («BBITIAJAA-
10T») B pe3ysbTaTe UCTbITaHUM. sl 9TOM Lenu CyliecTByeT HMOHSITHE 3a-
KOHa pacnpeneneHusi. Jlio6oe npaBwio (tabmuua, ¢yHKUUS, rpaduk),
MO3BOJIAIONIEE HAXOAUTH BEPOSITHOCTH NMPOU3BOJIBHBIX COOBITHH (B 4acT-
HOCTH, BEPOATHOCTHU TOTO, YTO JaHHAas C.B. IPUMET KOHKPETHOE 3HAUECHUE
WK TIonaaér B 3aJaHHBI MHTEPBaJ), HA3bIBAETCS 3AKOHOM pacrpeeie-
HHS CIyYaiHOH BeJIMYUHBI (MJIU pacnpeeaeHueM).
Eciu mis c.B. X 3amaH 3akoH pacnpenenceHus, TO TOBOPST, YTO C.B.
X pacnpenenena o stomy 3akoHy. OqHUM U3 Haubosaee yI00HbIX U YHH-
BEpCANBbHBIX CIOCOOOB 33/laHUs 3aKOHA pachpeneneHus spisiercs GpyHK-
Ml pacIpeeICHHUSL.

dyHkumeii pacnpeneaenns ciydyaifHOW BemMunHbl X Ha3bIBacT-

ca Qynkuus F (X ), BBIp@XKAIOIIas Uil KaXXI0ro X BEpPOSTHOCTH TOTO,

4TO ciyuaiiHas BenuyrHa X MpUMeET 3HAYEHUE, MeEHBIIIEE X :
F(x)=P(X <x).
OyHKIMS pacrpeaeieHus 00aa1aeT CICAYIOIUMHU CBOHCTBAMH:
1. 0< F(x)<1;
. F (x) - HeyObIBatomas GyHkuys, 1.e. [ (xz) > F (xl), €CI X, > X, ;
—oo):O, F(+oo)=l;
x) HeMpephIBHA CJIeBa B JIt000H Touke X, F (x — 0) =F (x) ,XER;
. Pla<x<b)=F(b)-Fl(a).

JIMCKpeTHOH HA3BIBAIOT CIyYalHYI0 BETHYHUHY, KOTOpas MPUHH-
MaeT OT/CNbHBIC, W30JUPOBAHHBIC BO3MOXHBIC 3HAUCHHS C OMPEICICH-
HBIMH BEPOSTHOCTSIMHU.
Uucno BOBMOXHBIX 3HAUECHUN NUCKPETHOM CIydailHOM BETUYMHBI MOXKET
OBITH KOHEYHBIM HJIH OECKOHEUHBIM.
3aKkoH pacnpenesicHus AUCKPETHON CIyJYaiHOW BEMTWYMHBI yI0OHO 3a1a-
BaTh C TOMOIIIBIO TAOIHIIBI, HA3BIBACMON PAIOM pacnpeaesieHus.

YuCJ0BbIe XapaKTEPUCTHKH JAUCKPETHBIX CIyYaiiHbIX BeJiM-

YuH. DTO MapaMeTphl, XapaKTepU3yIoIue HanboIee BaXKHBIC YEPThI 3aKO0-
Ha pacrpeseiacHus JUCKPETHOI ciydaiiHON BEJTUYNHEL.

MaTteMaTH4YeCKMM 0KHAAHHEM AUCKPETHON cay4aiiHOH BeJIn-
YHMHBI Ha3bIBAIOT CYMMY IIPOU3BEIEHUH BCEX €€ BO3MOXHBIX 3HAUEHUH Ha

2
3. F(
4. F(
5

UX BEPOATHOCTH: M(X) =xp,txX,p,+...+Xx,p,,
11



rae X;,X,,...,X, — BO3MOXHBIE 3HAUCHHs ClydaiiHOH BemuuuHbl X , a

n
PisPys---» P, — COOTBETCTBYIOIIHE BEPOATHOCTH.

3ameuanne. Brimenpusenennas GpopMmyina CripaBeyinBa s TUC-
KPETHOM Cciay4yaliHOM BENUYUHBI, YUCIO BO3MOXHBIX 3HAUYECHUU KOTOPOH
KoHeuHO. Ecnu ke ciyyaliHas BeNMYMHA UMEET CUETHOE YKCIO BO3MOXK-
HBIX 3HAYCHUH, TO I HaXO0KJICHUS MaTEMaTHUECKOrO OXKUIaHUS HCITOb-

3yroT hopmyny: M (X ) = ixi D:»
i=1

MpUYeM 3TO MaTEeMaTHYECKOE OXHUIAHUE CYIIECTBYET NMPHU BBHINOIHEHUU
COOTBETCTBYIOIIEIO YCIOBUSI CXOAMMOCTH YHCIOBOrO psja B MpaBod vac-
TH PaBEHCTBA.

BeposiTHOCTHBIN CMBICTT MATEMATHYECKOr0 OKUJAHMS: MaTe-
MaTHYEeCKOE OXKHJAHUE MPUOIMKEHHO PaBHO (TeM TOYHEE, YeM OOIbIne
YUCIIO WCIBITAHUN) CpPeIHEMY apu(pMETHYECKOMY HAOIIOAaeMbIX 3Hade-
HUU CITydyaliHOW BEINYNHBI.

CBoiicTBa MATEMATHYECKOTI0 OKUTAHUA

1. MaremaTuyeckoe OXUJaHUE MOCTOSSHHON BETMYUHBI PABHO CaMOU
nocrosHHoi: M (C ) =C.

2. IloCcTOSIHHBIA MHOMXKHUTEIL MOKHO BBIHECTH 3a 3HAK MaTeMaTHye-
ckoro oxumanusg: M (CX ) =C-M (X )

3. Marematuueckoe OXUJAHUEC TPOU3BEACHUS IBYX HE3aBUCHUMBIX

CIIy4ailHBIX BETMYMH PABHO MPOU3BEICHUIO UX MATEMAaTHYCCKUX OXKHU-

nanwii: M(XY)=M(X)-M(Y).

CaeacrBue. MaTemMaTHUeCKO€ OXHUJAHUE IIPOU3BEACHUS He-
CKOJIbKUX B3aUMHO HE3aBUCHUMBIX CIyYalHBIX BEIUYMH PABHO MPOU3-
BEJCHHUIO NX MaTEMaTHUYECKUX OKMJIAHUH.

4. MareMaTU4yecKOoe OXHUJAHUE CYMMBI JBYX CIy4YalHBIX BEIHYHUH
PaBHO CYMM€ MaTEMaTUYECKUX OXKUAAHUN CllaraeMbIX:
M(X+Y)=M(X)+M(Y).

CaeacrBue. MaTemaTuueckoe OXUIAHUE CYMMBI HECKOIBKHUX
CIIyJallHBIX BEIMYMH PaBHO CYMME MAaTEMaTHUSCKUX OXKUIAHWH crlarae-
MBIX.

Paznocts Mexny ciaydyalHON BETMYMHOW M €e MaTeMaTHYeCKUM
O’KHJaHHEM HA3bIBACTCSl OTKJIOHEHHEM.

CaeacrBue. MateMaTuyeckoe OKUJAHUE OTKIOHEHHS PaBHO HY-

JIO: M(X—M(X))=0.
12



JAucnepcueii TUCKPeTHOM CIy4aliHOW BeJIMYMHBI HAa3bIBAIOT Ma-
TEMaTUYECKOE OXKUJAHUE KBaIpaTa OTKIIOHEHUS CIIy4ailHOM BEMUYUHOMU OT
€€ MaTeMaTH4EeCKOr0 OXKUAAHUS:

p(x)=m(x - m(x))
Jucnepcus UMeeT pa3MepHOCTh, PaBHYIO KBaJApaTy pa3MEpHOCTH
CITy4aifHOH BEINYHHBL
BeruncaurteasHas popmysia 1Jis AMCIEPCHH.
Jucnepcusi paBHa pasHOCTH MEKIY MaTEeMaTHUYECKHM OXUIAHUEM KBaj-
para ciaydaiitHoi BenmuuuHbl X | KBaJpaTOM €€ MaTeMaTHYECKOTO OXKH/la-
HUS:
p(x)=M(x*)-[M (X},
CpoiicTBa Aucnepcun
1. Jlucnepcus HOCTOSHHOW BETMYMHBI paBHO HYJIIO: D(C ) =0.
2. TlocTOSIHHBIM MHOXKHTEIb MOXHO BBIHOCHTH 32 3HAK JTUCIICPCHUH,
BO3BO/JISI €r'0 B KBAJIPAT: D(CX) =(C? -D(X).
3. Jucnepcusi cyMMbI IBYX HE3aBUCHMBIX CITyYalHBIX BEJTUYMH PaB-
HO CyMMe€ JAMCIEPCHI STUX CIyYaliHBIX BETHYHH:
D(X +Y)=D(X)+D(Y).
CneacrBue. Jlucnepcusi CyMMbl HECKOJBKMX B3aMMHO HE3aBHCH-
MBIX CIy4alHBIX BEIMYMH PABHO CYMME AUCIEPCHHA dTUX BETHYHH.
4. Jlucmepcusi pa3HOCTH JABYX HE3aBUCHMBIX CIYYalHBIX BETHYHH
PaBHO CyMMe IUCIIEPCUH ATUX CIIy4alHBIX BETUYNH:
D(X -Y)=D(X)+D(Y).
CpeaHuM KBaIpPaTHYeCKUM OTKJOHEHHEM CJIYy4YaiiHOil Beju-
YHMHBI Ha3bIBAIOT KBAIPATHBIN KOPEHb U3 TUCTICPCUH:

o(X)=D(X).

PasmepHOCTB CpenHero KBaapaTUYeCKOro OTKIOHEHHS COBNAJAET
C Pa3MEPHOCTBIO CaMOM CITy4ailHON BETMYHHBI.
9. HenpepoiBHEBIE ci1yqaiiHble BeJnduHbl. IlIoTHOCTH pacnipenesiennst
HelpepbIBHOM cJIy4aiiHO#l BenunHbl. DYHKIUSA pacnpeaeeHus He-
NPepbLIBHOI CIy4aiiHOH BeJJMYHHBI.

Oynkiyro pacnpeneneHus F (X ) WHOTZIa Ha3bIBAIOT MHTErpalib-

HOU (yHKIHMEH pacnpeneneHus, Uil WHTErPalbHbIM 3aKOHOM pacipere-
JICHHUSL.
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CnyuaitHas BenmuunHa X HasblBaeTcsi HeNPEPBIBHOW, eCliM ee
byHkums pacnpeneneHus £ (x) HenpepbIBHA B JII000H Touke U TuddepeH-
nupyema BCIOLy, KpoMe, OBITh MOXKET, OTJIENIbHBIX TOYEK.

IIpumMepsl HenmpepbIBHBIX CIY4YaHBIX BEJTHYHH: IHAMETp JeTa-
71, KOTOPYIO TOKaph 00TaunMBaeT A0 3aJaHHOIO pa3Mepa, POocT YeloBeKa,
JAJIBHOCTH I0JIETa CHapsiia u JIp.

CaoiictBo. Eciu X - HenpepbIBHAs citydaiiHasi BeJIMYHHA, TO Be-
POATHOCTb NONAaHNS CIyJYailHON BEIMYUHBI B HHTEPBAI (xl,xz)He 3aBU-
CHUT OT TOTO, IBJISIETCS 3TOT UHTEPBAJ OTKPBHITHIM WM 3aKPBITHIM, T. €.:

P(x1 <X <x2):P(x1 <X <x2):P(x1 < X§x2)=P(x1 SXSxZ)

Ecnu HenpepbiBHas ciydaiiHas BenuyrHa X MOXKET NPUHHMATh
TOJIBKO 3HaYEeHHS B TPaHHULAX OT @ 10 b (rae a u b — HEeKoTophIe 110-
CTOSIHHBIE), TO (DYHKLUS pacrlpenelieHHs ee paBHa HYIIO JJisl BCEX 3Haye-
HUll x < @ ¥ eNUHULE U1 3HAYEHUH x > b .

Jlng HenpepbIBHON CiIyd4aliHOW BETUYHHBI:

P(x1 <X < x2)= F(xz)—F(xl).

Bce cBoiicTBa pyHKUMI pacnpeneneHusi AMCKPETHBIX CIy4alHBIX
BEJIMYMH BBINONHAIOTCS W Ui (QYHKUMH pacnpeaeneHHus HENpepbIBHBIX
CIIy4allHbIX BETUYMH.

3anaHue HENPEpHIBHOM CIy4aliHOW BETUYMHBI C MMOMOLIBIO (PYHK-
LIUU pacIpeaeneHys He ABISETCS eANHCTBEHHBIM.

IInorHOCcTHIO BeposiTHOCTH (ILNIOTHOCTBIO pacnpeseeHUst HJIH
IMaoTHoCTHIO) [ (x) HETIPEPbIBHOW CITydaiiHOH BeTMYMHBI X Ha3bIBaeT-
csl MpOM3BOAHAs ee (PYHKIMH pacipeaeneHus:

f(x)=F'(x).
[LnotHOCTH BeposiTHOCTH (x), Kak U QYHKIHS pachpeneicHus

F (X ), ABIISIETCSl OJHOM M3 (OPM 3aKOHA paclpeneieHus, HO B OTINYHE
OT (YHKLUUHU paclpenesieHus] OHa CYIIECTBYET TOJBKO JUIS HEMPEpPBIBHBIX
CIIy4aliHbIX BETUYMH.

[InoTHOCTE BEPOATHOCTH MHOTAA HAa3bIBAIOT AH (¢ epeH I ATBHOM
¢ynknueit, i quddepeHIUATLHBIM 3aKOHOM paclnpeaeIeHus.
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Ecnu ynkums pacnpenenenust F (x) HeNpephIBHA, TO CAydaiHas

BEIMYMHA X HA3bIBa€TCs HeENMpPePBIBHOH CJIy4YailHOH BeIHYNHOM
(H.c.B.).
Ecnu ¢yHKus pacnpeneneHusi HENPEpHIBHOM cIy4aiiHON BeTHYHUHBI
muddepenupyema, To Oosiee HarJIAHOE MPEACTaBICHHE O CITy4aitHO

BCIIMYMUHC JACT IJIOTHOCTb BEPOATHOCTHU cnyqaﬁHoﬁ BCIINYHMHBI f ()C) , KO-

TOpasi CBsi3aHa ¢ pyHKUMeH pacrpenencHus F (x) dbopmynamu:

A= J s 1) =4,

OTCIOZ[a, B YaCTHOCTH, CJIICAYCT, YTO AJId TTF000MH cnyqaﬁﬂoﬁ BCIINYHUHBI:

Tf(x)dx:l.

10. Baxneifmue pacnpeaeseHus HelPepbIBHBIX CIy4aiHbIX
BeJIHYMH.
PaBHOMepHBIIT 3aK0H pacnpeneJeHus.

Ha mpaxTuke BcTpedaroTcs ciaydyailiHble BEIHUYMHBI, O KOTOPBIX 3apa-
Hee M3BECTHO, YTO OHM MOTYT MPHHATH Kakoe-TuO0 3HaYeHHE B CTPOTO
OMpE/ETEHHBIX I'PAaHUIAX, IPUYEM B ATHX TI'paHMIAX BCE 3HAYCHMsS CIy-
YaifHOW BETMYMHBI UMEIOT OIMHAKOBYIO BEPOATHOCTH (007a1aI0T OTHON U
TOM 7K€ TNIOTHOCTBIO BEPOSITHOCTH).

Hampumep, Bpemst oxxuiaHus TpaHCIOpTa — BeWYMHA ciiydaiiHas. K
MOJOOHBIM CITyYailHBIM BETMUMHAM OTHOCHTCSI TAKXKE M MOTPEIIHOCTD OK-
pYIiieHHs pe3yibTaTa U3MepeHus 1o Onmwkaiiiero nenoro yucia. Ilpo ta-
KM€ BEJTMYMHBI TOBOPST, UTO OHM pacHpeesieHbl paBHOMEPHO, T. €. UMEIOT
paBHOMEPHOE pacipeciicHHE.

Omnpenenenne. HenpepbiBHas cinydaitHas BenuunHa X HWMeEeT pas-
HOMEPHOE paclpesielieHne Ha OTpe3Ke [a,b] , €CIIM Ha 3TOM OTpe3Ke MJIIOoT-
HOCTb pacHpelesieHus] BEPOSATHOCTU CIydailHOM BETWYHMHBI TOCTOSHHA,
T.e. auddepennmansaas QyHKUUS pacnpeneneHus f (x) UMeeT clie-
IYIOIIUHA BU:

c,x € [a,b];

f(x) - 0,x ¢ [a,b}
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WNHorpa »T0 pachpeneicHue HA3BIBAIOT 3aKOHOM PaBHOMEPHOIi
IUIOTHOCTH pacnpenesedus. [Ipo BenuunHy, KoTopas UMEeT paBHOMEp-
HOE pacrpezielicHue Ha HEKOTOPOM OTpe3Ke, Oy/leM TOBOPUThH, YTO OHA
pacrpeneneHa paBHOMEPHO Ha 3TOM OTpe3Ke.

Haiinem 3nauenue nmocrosHHoi ¢ . Tak kak miomaas, orpaHUuYCHHAS
KpHBOW pactpeneneHus u ocklo Ox , paBHa 1, TO

Zf(x)dxz.[cdxzc(b—a):l, OTKyZa C :ﬁ.

a
Takum 00pa3oM, QyHKIHIO PAaBHOMEPHOM INIOTHOCTH pacrpeeleHUs
f()C) MOXHO IMPEACTAaBUTL B BUJIC!
0, mpu x < a,
1
flx)= ,apua <x<b,
b—a
0, mpu x > b.

[MToctpoum dyHKUMIO pacpeneneHus F (x), JUISL 9€ro HalJeM BbIpa-
xenue [ (x) Ha UHTEpBaJe [a,b]:
I ¢ 1 X |X x-a
Flx)= = = = .
) '[Of(x)dx '[b—adx b-ala b-a

Ipu x < a dyHkims F(x): 0Owu F(x): I mpu x > b . Takum obpa-
30M:

a

0, npu x < a,
F(x)= x_a,npﬂaéxéb,
b-a

1, mpu x > b.

C'paduku Gpynkumii f (x) ukl (x) HUMEIOT BUJ:

]
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Ay

[
U x<a

v ,
------- Fir)={— mpit asx<h
LR

Y

0 i X h x
Haiinem uncnoBble XapaKTEpUCTHUKH.
Ucnione3yst popMyny Iisi BEIYUCICHUAS MaTEMaTHYECKOrO OKHUIAHUS
HENpPEepBIBHOM CIydailHON BETUYMHBI, HNMEEM:

M(X)zjxf(x)dxz.[bfadxzb;a.

Taxum 06pa30M, MAaTEMATHYCCKOC OXHUIAaHHC cnyqaﬁﬂoﬁ BCIIN-

YUHBI, PABHOMEPHO pACHpENEEHHON Ha OTpe3Ke [a,b], COBIIAJAET ¢
CEpEIUHOI 3TOr0 OTPE3KA.

Haiinem nucnepcrio paBHOMEpHO paclpeAereHHON cay4yaliHON Benu-
YUHBI:

D)= -t slopte= [ x-224]
(o-ay

=—-——"_, OTKYyJda Cpa3y K< CICAYCT, UYTO CPCAHCC KBaAApaTHU4C-

12
b

—da
243

Haiinem Teneps BepOsSTHOCTH MOMANaHUs 3HAYCHUS CIy4yallHON Benu-

CKO€ OTKJIOHEHHUE: G(X ) =

YHHBI, HMCIOH.[Gﬁ PaBHOMCPHOC pPAaCHpCACICHUEC, Ha HWHTCPBAJ (C{,ﬁ),

MpUHAJICKAITIHN [IETUKOM OTPE3KY [a,b] :

P(oz<X<,3)='/|Zf()c)dx=jZ d _p-a

*b-—a b-a ’

FeOMGTpI/I‘-IGCKI/I 9Ta BCPOATHOCTH NPLCACTABJIIACT coOoi iomanb
NpsAMOYTOJIbHUKa C I[J'H/IHOfI HWXKHETO OCHOBAHUA ,B—a U BEICOTOM
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.Uucna a u b Ha3bpIBAIOTCS MapaMeTpaMU paclpeielieHus U O/
b—a
HO3HAYHO OMPCACIIAIOT paBHOMCPHOC pacCIipCaCICHHUC.
IokasaTebHOE pacnpeneieHne.
Omnpenenenne: HempepbiBHas ciyvaiiHas BennunHa X , pyHKIUS
IIJIOTHOCTHU KOTOpOﬁ 3a1acCTCA BBIPAKCHUCM!

Ae ™ x>0
fl)= 0,x <0,

Ha3bIBACTCA CJAYYalHOM BeJIMYMHOM, IMEIOIICH MOKa3aTENbHOE, WU IKC-
MOHEHIINATBHOE PaCIIpE/ICIICHUE.

BenuunHa cpoka Ciry:KObl pa3IMYHBIX YCTPOWCTB U BPEMEHH 0e3-
OTKa3HOW pabOTHI OTIENBHBIX AJIEMEHTOB 3THUX YCTPOMCTB MIpPH BHITOIHE-
HUU ONPEACTICHHBIX YCIOBUN OOBIYHO MOMYMHSCTCS MOKa3aTeIbHOMY pac-
npeneneHuto. JIpyrumMu clioBaMu, BETUYHHA ITPOMEXKYTKA BPEMEHU MEXKITY
MOSIBIICHUSIMHU JIBYX HNOCN€008AMENbHBIX PeOKUX COOBITUN TOAYUHSETCS
3a49aCTyIO MOKAa3aTeNIbHOMY pacipeesicHHIO.

Kax BumHO U3 (opMymbl, TOKa3aTeIbHOE pACIPEACICHUES ONpee-
JSIETCSI TOJILKO OJIHUM MapameTpoM A .

Haiinem QyHKIMIO pacmpeneneHusl MOKa3aTeIbHOTO 3aKOHA, HC-
TMOJIB3YS CBOMCTBA (DYHKIIMH PaCIpe/IelICHUS:

0,mpux < 0;
F(x) - jf(x)dx = jie’“dx =1-e ™ npux>0.
-0 0

Cpaduku [ (x) ufF (x) (GyHKUIUH MTOKa3aTENBHOTO pacHpeAeneHus
HUMEIOT BUJ:
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Yucj10BbIe XapaKTEePHCTUKH.

Wcnone3yst popmyisl Uil BHIYMCICHUS MaTEMaTHUECKOT'O OKUAAaHUS,
JHCTIEPCHH W CPEIHET0 KBaJpaTHUECKOrO OTKIIOHEHHUS! HETPYIHO yOeIuT-
Csl, YTO JUISl TIOKa3aTENbHOTO paclpeesCHNs:

M(X):l, D(X):i, o(X)=—.

A Yh A

Takum oOpas3om, Ui NOKa3aTENbHOTO paclpeleNeHHsl XapaKTepHO,
YTO CpeJHee KBAaApaTHUECKOe OTKIOHEHHE YHCIEHHO PaBHO MaTeMaTHye-
CKOMY OKHJIAHUIO.

BeposiTHOCTH momagaHus ciydaiiHOM BenmuuuHbl X B WHTEpBal
(a,b): Pla< X <b)=F(b)-F(a)=e e

HopmanbHbIii 3aK0H pacnipegesieHHs.

BeposiTHOCTHL TONaTaHUs B 33aJaHHBIH HHTEPBAJI. OmgauM u3
HanboJiee YacTo BCTPEYAIOLIMXCS pacIpeleleHui sIBISIETCS HOpMaJIbHOE
pacnpeneneare. OHO uUrpaer OONBINYIO PONb B TEOPUU BEPOSTHOCTEH H
3aHUMaeT cpedu OPYTuX pachpeaeneHuil ocoboe moioxenue. Hopmanb-
HBI 3aKOH paclpelesieHus SBIIETCS MpeelbHbIM 3aKOHOM, K KOTOPOMY
NpUOJIMKAIOTCS IPYTHUE 3aKOHBI paclpefesieHHs MPH YacTo BCTPEYaro-
HIMXCSA aHAJIOTMYHBIX YCIOBHSIX.

Ecnu Hexoropas cimyuaiiHas BeIMYMHA MPEACTABIsSET coOOi CyMMy
JOCTaTOYHO OOJBIIOrO YHWCIA OPYTUX CIYYalHbIX BEIWYMH, TO JAaHHAs
clyyaifHas BeJIMYMHA OOBIYHO MOJYUHSIETCS HOPMaJbHOMY 3aKOHY pac-
npenenenusi. CyMMupyeMble cly4aiiHble BEIUYMHBI, MOTYT MOJYUHATHCS
KaKUM YTOIHO pacIlpeleNieHHsM, HO MPH 3TOM JOJKHO BBITIOJIHATBCSA yC-
JIOBHE UX He3agucumocmu (WM crabou 3asucumocmu). [Ipu coOironeHun
HEKOTOPBIX HE OUEHb JKECTKUX YCIOBHH yKa3aHHas CyMMa CIy4aiHBIX Be-
JUYUH TOAYUHSETCS MPUOIMKEHHO HOPMAJIbHOMY 3aKOHY pacrpe/e/eHUs
U TEM TOuHee, 4eM OoJbllee KOJINYECTBO BETUYUH CYMMHPYETCH.

Hu omHa m3 cyMMHpYeMBIX CIy4YailHBIX BETHYUH He 00JCHA PE3KO
omauyamscsa om Opyeux, T. €. KaKAasd U3 HUX AOJDKHA UTpaTh B oOIIed

1
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CyMMe MPUMEPHO OJMHAKOBYIO POJIb M HE UMemb UCKIIOUUTEIBHO 00/b-
uityro TI0 CPaBHEHUIO C IPYTHUMHU BEITMUYUHAMU OUCHEPCUTO.

st mpumepa paccMOTPUM HU3TOTOBJICHHE HEKOTOPOU AeTanu Ha CTaH-
Ke-aBToMaTe. Pa3Mepsl M3rOTOBIEHHBIX ACTaliel HECKOJIBKO OTINYAIOTCA
OT TPeOyEeMBIX. DTO OTKIOHEHHUE Pa3MEPOB OT CTaHIAPTa BHI3BIBACTCS pa3-
JIUYHBIMY TTPUYUHAMH, KOTOpPBIC OOJiee WM MEHEE HE3aBHCHUMEI JPYT OT
npyra. K HUM MOTyT OTHOCHTBCSI: HEpaBHOMEPHBIH pexXUM 00pabOTKH Jie-
Taju, HEOJHOPOJIHOCTh 00padaThIBAGMOTO MaTepuaja; HETOYHOCTh yCTa-
HOBKHM 3arOTOBKM B CTAHKE, M3HOC PEXYILEr0 MHCTPYMEHTa M JeTanel
CTaHKOB; ymnpyrue nedopMauil y3JI0B CTaHKa; COCTOSHUE MUKPOKIMMATa
B IIeXe; KoneOaHue HANPSHKCHUS B AJICKTpoceTH U T. 1. Kaxpas u3 mepe-
YUCIICHHBIX U MOJOOHBIX UM MPUYHMH BIUSCT HA OTKIOHEHHE pa3Mepa W3-
TOTOBIIIEMOH JIeTalli OT CTaHjapTa. Takum oOpa3oM, oOlee OTKIOHEHHE
pa3Mepa, (pUKCHpyeMoe H3MEPUTEIHLHBIM MPUOOPOM, SBISIETCS CyMMOMN
OOJIBIIIETO YKCIa OTKIIOHCHUH, O0YCIIOBIICHHBIX PA3TUYHBIMU PUIHMHAMU.
Ecnu Hu ofHa U3 3TUX NMPUYUH HE ABJISIETCS TOMUHUPYIOLIEH, TO cyMmMap-
HOE OTKJIOHEHUE SIBIICTCA CIy4YallHOM BETWYMHOW, MMEIOIIEH HOpMallb-
HBIN 3aKOH paclpecieHuUs.

HopManbHoMy 3aKOHY MOTYMHSIOTCS TOJIBKO HETIPEPhIBHBIC CIIy4daii-
HBIC BEIMYUHBI, 3TO pacIpeeIeHIEe MOKHO 3a4aTh B BUIE IIJIOTHOCTH
pacrpeneneHusi BEpOITHOCTH.

Onpenenenne. HenpepriBHas cinydaiinas BeauunHa X HMeEeT
HOpPMAJIbHOE pacnpenesieHue (pacnpeneieHa mo HOpMATbHOMY 3aK0-

HY), eciii e€ IIOTHOCTb pacrpesesicHus f (x) MMeeT BUI:

B 1 7("’”)2

f(x)_aﬂe 2

MBIC ITapaMeTpaMu HOPMAJIBHOI'O pacCIipeACIICHU.

,TI€ d U O - HCKOTOPHLIC IIOCTOAHHBIC, HAa3bIBAC-

®ynkuus pacnpenencaus F (x) B PacCMaTpPHBAEMOM CITydyae IPH-
W=t o
uamaer u; F(x)=—— e 29" dx.
oN2r '[O

HapaMeTp ad - €CThb MAaTEMATHYCCKOC OXKUAAaHHUC H.C.B. X , HMCIO-

1Ieil HOpMaJIbHOE pacrpe/ieiicHHe, O - CpeHee KBaIpaTHIECKOE OTKIIO-
2

HEeHHe, TOr/Ia AUCIEePCHs PaBHa! D(X ) =0".

['paduK MIOTHOCTH HOPMAJIBHOTO paclpeneieHus | (x) UMeEeT BUJI

3Ty KPUBYIO Ha3bIBaIOT KpUBOH 'aycca miv HOpMaTbHON KPUBOW.
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Fix)

O0pa3en pelieHNs] BApHAHTA KOHTPOJILHOM padoThI

IIpumep 1.a.

AboHeHT 3a0b11 mocnennue 2 nudpsl Tene)OHHOr0 HOMEpa, HO
MOMHUT, YTO OHU PA3IUYHbI U 00pa3yioT ABY3HAYHOE YHCIIO, MEHBIIIeE
30. C yuerom 3TOro oH Habupaer Hayrag 2 uudpsl. Haiitu Bepost-
HOCThb TOTO, 4TO 3TO Oyamyt HY)KHBIE TuQpEL.

Pemrenne: lcrnonb3yeM KIIacCHUECKOE OIPENEIEHUE BEPOATHO-
cti: P=m/n,tae n - 9UCIIO BCEX BO3BMOXKHBIX AJIEMEHTAPHBIX HC-
XOZI0B PaccMaTpUBAEMOIO ONBITA, 71 - YHUCIO 3JIEMEHTApHBIX HCXO-
TI0B, ONaronpHUsTCTBYIOMINX OCYILIECTBIICHHUIO COOBITHA.

m =1, Tak KaK TOJBKO OJWH HOMep MpaBwibHBIA. [logcunTtaem Ko-
JIMYECTBO BCEX BO3MOXHBIX JIBY3HAUHBIX YHCEN C Pa3sHBIMH Lu(pamu,
Menbinee 30, KOTOpble MOXKET HaOpaTh aboHeHT. D10 unciaa — 10, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24, 25, 26, 27, 28, 29.

Takux wuymcen n=18 mTyk. Torma wuckoMas BepOATHOCTh
P=1/18.

IIpumep 1.6.

U3 13 norepeiHbIX OMIETOB 5 - BHIMTPHIIHBIX. CTYIEHT BBIHUMA-
er Hayaady 3 Ousera. KakoBa BEpOSTHOCTH TOTO, YTO Y CTYZEHTa OJHH
U3 TpeX OWUJIETOB BBHIUTPBIIIHBII?

Pemenne:

[Tpumensem ¢hopMyity KIacCH4eCKOW BEpOSTHOCTH M HAXOIUM Be-
POSITHOCTH TOTO, YTO y CTYACHTAa OIUH OWJIET M3 IMATH OyIET BBIUT-
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m
pPHILIHBIM (OBa OwWieTa HEBBIUTPBHIIIHBIMH): P(A)z—, - TIe
n

12 .
m = C,C; - 4ucino cnocoOOB B3sTh OAUH OWIET BBIUTPHIIIHEIN U JBa

3
HEBBIMTPBIIIHEIX, 71 = C}; - 9UCII0 BCEX CIIOCO00B B3ATh 3 U3 13 Ouie-

TOB.

1,2
Pa)=""=5C 140 449,
n C, 286

IIpumep 2.

Pebenok mmeer Ha pykax 5 kyOukos c OykBamu: A, K, K, JI, V.
KaxoBa BeposITHOCTH TOrO, YTO PeOCHOK coOeper U3 KyOWKOB CIIOBO
"kykmna"?

Pemienne: PaccMoTpuMm cienyrommye ciy4aiiHble COOBITHS:
cobbiTie A ={nonyunres cnoso KYKJIA}, A ={nepsoii, BbiGpanHoii

nayraz 6yksoi Oyner K}, 4,={sropoii — Y}, 4,=
={rperbeit — K}, 4,={uerséproii —JI}, A,={nsroii — A}.
Torma A = A, - A, A, -A, - A . llpumenss npasuio

YMHOXCHHUA BCpOHTHOCTCﬁ 3aBHUCUMBIX CO6I>ITPII>1, nMEECM:

P(A):P(Al A4, 4 'A4'As):P(Al)'P(Az/Al)'P(Az/AlAz)X

x P(4,/ A A,A,)- P(A, | A A, AA,)= 51331 =%.

IIpumep 3.

B cnenmanusupoBaHHy0 OONBHUIY mocTymnaloT B cpegHeM 50%
6oispHEIX ¢ 3a001eBanneM — K, 30% — ¢ 3aboneBanueMm L, 20% — ¢ 3a-
OoneBanreM M. BeposTHOCTh monHOro m3nedeHus 6oiesnu K paBHa
0,7; nnst Gomesneit L 1 M 3TH BEpOSTHOCTH COOTBETCTBEHHO PABHBI
0,8 1 0,9. BonbHO, MOCTYNMUBIIHI B OONBHUILY, OBLT BEIMKCAH 370pP0-
BbIM. HaiiT BeposITHOCTH TOT'0, UTO 3TOT OONBHOU CTpadai 3aboeBa-
Huem K.

Pemenne:

Beenem o0o3HaueHwms: coobiTrE: A = {OONBHOIN BBI3IOPOBEET }.
[Ipeanonoxenus (THIOTE3bI):

H,={ctpaman OGonesusto K}, H,={ctpaman OGonesupio JI},

H,={crpanan Gonesubto M}.



BepostHocTH THIIOTES:
P(H,)=05, P(H,)=03,P(H;)=0.2.

VYCIOBHBIE BEpPOSITHOCTH: OONBHOM, cTpanmaronuii Oone3Hpo K,
BBI3JIOPOBEET — P(A /H, ) = 0,7, OOJBHOMU, CTpaJAIOIIHI OOJIE3HBIO
JI, BeI3IOpOBEET — P(A /H, ) =08, OoNMbHOM,  cTpagaromuit
Gonesmbio M, Berznoposeer — P(A/ H,)=10,9 .

[To popmyre moTHON BEpOSITHOCTH

P(A)= P(H,)- P(4/ H,)+ P(H,)- P(4/ H,)+ P(H,)- P(4/ H,) =
=0,5-0,7+0,3-0,8+0,2:-09=0,77
P(H,)-P(4/H,) 05-0,7

= =0,45 — no dop-

Torna P(H, | A)=
orna. P(H, / 4) P(4) 0,77

Myne baiieca.

IIpumep 4.a.

Haiit BeposTHOCT TOT0, UTO U3 5 BHIOPAHHBIX aKKyMYJISITOPOB 2
BBIAYT U3 CTPOs, €CIM BEPOATHOCTH BBIXOA aKKyMYJIATOpa U3 CTPOA
p=0,07.

Pemienne: Bynem wucnonb3oBaTh ¢Gopmyny bepnymmm (Bepost-
HOCTB TOT'O, UTO B 5 UCTIBITAHUIX COOBITHE IPOM3OHACT 2 pasa).

|

P,(4,2)=C2(0,07)*(1-0,07) = 2%'(0,07)2 (0,93)° =0,0394

IIpumep 4.6.

BeruucnurensHoe yctpoiictBo coctouT u3 1000 snemeHToB, pabo-
TAlOUIMX HE3aBUCHUMO APYr OT Apyra. BeposTHOCTH OTKa3a Ka)KAaoro
a7eMeHTa 3a cMeHy paBHa p=0,024. HaiiTu BeposATHOCTB, UTO 3a CMEHY
OTKaXyT 6 2JIEMEHTOB.

Pemrenne: Vcnonezyem nokaneHyto Teopemy Jlamnaca:

P (4m)=— (p[’" P j rge n=1000, m=6, p=0,024, g=I-
Nnpq  \ Anpq
p=0,976, 3HaueHust pyHkuuu Oepytcs u3 Tabnuipl. [loacrassis, mo-
JIy4YuM:
1 6—1000-0,024
Bow (A76): (4 =
\1000-0,024-0,976 * { 4/1000-0,024-0,976
=0,21p(~3,72) = 0,21p(3,72) = 0,21-0.004 = 0,000084 .
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IIpumep 5.a M3BectHO, uTO B HEKOTOpoM ropoae 20 % ropoxan
nobuparotrcss Ha paboTy JUYHBIM aBTOTpaHcmopToM. Ciy4ailHO BBI-
Opanbl 4 wenoBeka. CocTaBUTH 3aKOH paclpefesieHus YHCia JoAcH,
noOuparomuxcs Ha padoTy TMYHBIM aBTOTPAHCIIOPTOM. Haiitn
YHCIOBBIE XapPaKTEPUCTUKH 3TOro pacmperneneHus. HammcaTs QyHK-
LUIO pacTpeeNieHus U IIOCTPOUTD ee TpaduK.

Pemenune: B kauecTBe cirydaiiHOi BenmMurHbI X BBICTYIAeT YKC-
JI0 JMIOJEH, KOTophle Jo0HparoTcs Ha paboTy JIMYHBIM aBTOTPAHCIIOP-
TOM. Bo3MoKHBIE 3HaYEHUS], KOTOPBIE MOXKET IPUHSATH CllydaiiHas Be-
muunHa X 0, 1, 2, 3, 4. CoGbitue A = {quIOBeK nobupaercs Ha pa-
00Ty TMYHBIM TPAHCIIOPTOM } .

BeposTHOCT TOTO, YTO KaXKIABIH U3 OTOOPAaHHBIX JIIOACH, KOTOpPHIE
nobuparorcss Ha PabOTy JUYHBIM aBTOTPAHCIIOPTOM, IOCTOSIHHA H
paBHa p =(,2. BeposTHOCTb MPOTHBOMOIOKHOTO COOBITHS, T. €. TO-
ro, YTO Ka)XIbli W3 OTOOpaHHBIX JIIoAeH moOupaercs Ha paboOTy HE
JMYHBIM aBTOTpaHcmopToMm, paBHa ¢ =1—p=1-0,2=0,8. Bce 4

UCIIBITaHKs He3aBucuMbL. Criydaiinasi BemuauHa X = m NOXYHHSIETCS
OMHOMHUAIIBHOMY 3aKOHY PACIpeIeNCHHs BEPOSITHOCTEH ¢ mapamerpa-
M n=4; p=0,2; g=0,8. dnst cocraBneHus 3aK0Ha pacrperne-
JICHUsI BBIYUCIIMM BEPOSITHOCTH TOTO, YTO CIIydaiHasi BETUYMHA MPHU-
MET Ka)KJI0€ M3 CBOMX BO3MOXKHBIX 3HAUCHUIA.

Pacuer MCKOMBIX BEpOATHOCTEH ocyiecTBisiercst mo (dopmyne bep-

|
n' m n—m

———P"q
m(n —m)!
P(X =0)=P,(4,0)=C!-0,2°-08*" =1-1-0,8* =0,4096,

nymum: P, (A, m) =Cl'p"q"™" =

(
P(X =2)=P,(4,2)=C}-0,2*-08*7 =6-0,2>-0,8* = 0,1536,
P(X =3)=P,(43)=C;-0,2° -0,8*7 =4.0,2°-0,8 =0,0256,
P(X =4)=P,(4,4)=C;-02*-08** =1-0,2* -1=0,0016.

3anuiiem 3aKoH pacnpeneneHus (psa pacipeneneHus) B Buae Tadmu-
LIBIL:



X| O 1 2 3 4
P 0,4096/0,40960,1536/0,0256{0,0016]
Tak kak Bce BO3MOXHBbIE 3HAUYCHHs CIYyYailHOW BETMYMHBI 00Pa3yroT
MOJHYIO TPYMIy COOBITHI, TO CyMMa WX BEPOSTHOCTEH NOIKHA OBITH
paBHa 1.
ITposepka: 0,4096 + 0,4096 +0,1536 + 0,0256 + 0,0016 = 1.
HaiinemM 4ncnoBble XapakTEpUCTUKHM JUCKPETHOW ClydailHOM Be-

JIUYMHBI: MATEMATHUECKOE OXKUJIAHUE, JUCIICPCHIO U CPEIHEEe KBaapa-
THYECKOE OTKIIOHCHHE. MarteMaTn4eckoe OXHIAHHE MOXKET OBbITh
paccuuTao 1no ¢popmyse:

M(X)= DX, =X,p, +%,D, + X35 + x,p, =0-0,4096 +1-0,4096 +

i=1
+2-0,1536+3-0,0256+4-0,0016=0,8..

Tak kak CquaﬁHaH BCJIIMYMHA IIOJYHHACTCA 6I/IHOMI/Ia.]'H>HOMy 3a-
KOHY, TO IJId pacd€Ta MAaTCMAaTUYCCKOI0O OXHUAAHUSA MOKHO BOCIIOJIb-
30BaTbecsl POPMYIION:

M(X)=np=4-02=08
Hucnepcus cay4aiiHOW BEIMYMHBI MOXET OBITH paccuuTaHa 1o ¢op-
MyJIe:

D(x)= M (¥ M (X)F )= m(x?)- (v (X))
(M(X)) =0,8* =0,64,

M(X2)= fopi =0-0,4096 +1-0,4096 + 40,1536 +9-0,0256 +

i=1
+16-0,0016 =1,28,
D(X)=1,28-0,64 = 0,64.
B naHHOM ciydae AMCIEPCHIO MOKHO paccuuTarh M mo (hopMmyie:
D(X)=npg=4-02-0,8=0,64.

Paccuntaem cpejiHee KBaIpaTHIECKOe OTKIOHEHHE CIyYaiHOM Be-
JIMYMHBI 110 HopMyJIe: O'(X) = m = \/O,ﬂ =0,8.

CocraBuM (QYHKIHMIO paclpemeneHusl CIy4aiHOW BeTHMYMHBI X IO
dopmyue: F(x): P(X < x).
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Ipu x <0, F(x):O;

mpr 0<x <1, F(x)=0,4096;

mpu 1<x<2, F(x)=0,4096+0,4096 = 0,8192;

mpu 2<x<3, F(x)=0,4096+0,4096 + 01536 =0,9728 ;
npu3 < x < 4,F(x)=0,4096 + 0,4096 + 01536 +0,0256 = 0,9984 ;
npu x > 4, F(x)=1.

3amuiieM QyHKIHIO pacipeereHus:

0, x<0;

0,4096, 0<x<I;

08192, 1<x<2;

09728, 2<x<3;

09984, 3<x<4;

1, x >4,

)=
)=

F(x)z

I'padux PyHKIMM pacnpeneneHUs] BEpOSATHOCTEH HUMeEET CTYyIEH-
yatblii BuJ. CKauykd paBHBI BEPOSITHOCTSIM, C KOTOPBIMHU CIly4aiHas
BEIMYNHA MPUHUMAET BO3MOYKHBIE 3HAUEHHU:

nnnnnn

IIpumep 5.0. M3BecTHa MIOTHOCTH BEPOSITHOCTH CIIy4ailHOM Be-
JIUMYHHBIL:

0, mpux<0,
f(x)=1asinx, mpu0<x<r,
0, mpux=r.
Haiitu: a) mapamerp d@; 0) ¢yHkuuio pacnpeneneHus [ (x); B)
BEpPOSITHOCTH Tonafganus X B MHTEpBa (—7[/ 4;7[/4). IToctpouts

rpaduxu f(x), F(x).



Pemienne: 3Has CBOWCTBAa IUIOTHOCTH BEPOSTHOCTH - (YHKIUH
f (x), HalileM Heu3BecTHBI mapamerp d. W3 HepaBeHcTBa

f (x) >0, nenaem BeIBOI, uTo a > (. Jlanee:

© 0 T 0 T

J.f(x)dxz .[O-dx+.|.a-sinxdx+.[0-dx=Ia-sinxdx.

—o0 —o0 0 T 0

BbluciuM JaHHBIA HHTErpajt. 3Has, Y4TO €ro 3HAUEHHE JOJDKHO OBITh

paBHO CAWHUIIC, BBIPA3UM a.

A

, T
J.a-smxdxz—acosxo =—a-cosm+a-cosO0=a—(—a)=2a,
0

3Hasl, 4TO .[ fx)ax =1
N 1

nonydaem 2a =1, orcroma a = —.
2
Cpaduk dysxmun [ (x) - IUIOTHOCTH PACHpE/CTIEHHUs] BEPOSTHO-
CTei CITy4JaifHON BETMYMHBI IPEIACTABICH HAa PUCYHKE:

fix/f

2f=--=-----

o

Jns HaxoxaeHus QyHKmu F (x) ucnonb3yeM (GopMyity, onpene-

JSIONIYI0 MHTErpalbHyl0 (QYHKIHMIO pachpeneneHus. Tak kak f (x)
3aJaHa pazIMYHBIM 00pa3oM Ha TpeX pa3HbIX WHTEpBaslaX, TO BBIPaA-
xeHue it [ (x) HaXOAUM OTJIENBHO JUIS KayKJI0T0 MHTEpBaa.

Ecm x <0, 10 F(x)= IO-dsz.
Ecmu O0<x <7, 1O 7

0 fLo 1 x 1
F(x)z'[OO-dx+'([E-smxdx:0+E(—cosx OZE(I_COSX)

Ecmu x> 7w, 1o
27
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0 T X
F(x)z.[O-dx+.([%-sinxdx+.[0-dx=%(—cosx gzl.

Hckomas HUHTCrpaJibHasA (I)YHKLII/IH MNpUHUMACT OKOHYATCIIbHBIN BU:
0, mipu x < 0;
1
F(x)= E(l—cosx), npu 0 < x < 7;
1, IIpU X > TT.

I'paduk pynkumm F (x) MIPECTABIIEH HIDKE:

1

0 £ T

BeposTHOCTH momajaHus CiaydailHoM BenuuuHbl X B MHTEpBA
(— w4/ 4) , HaiieM mo gpopmyiie:
P(a <x< b) = F(b)— F(a). [Monyuum:

A-Z<x<Z|=pZ|-F-Z :l 1-cos ™ —0:l 1—l
4 4 4 4) 2 4 2 2

KOHTPOJIBHBIE 3ATAHUSA

Bapmuanr 1.

1. a) B ypue 5 Genbix u 4 uepHbIX mapa. M3 ypHBI BBIHUMAIOT OIUH
mapa. KakoBa BepoSTHOCTB TOTO, YTO OH OEbIii?

0) Crynent 3Haer 20 u3 25 BonpocoB nporpammbl. HaiiTu BeposiT-
HOCTh TOTO, YTO CTYJAEHT 3HAET IPENIOKEHHBIE EMY 3K3aMEHATOPOM
TpH BOIIpoOCa.

2. BeposTHOCTD XOTS OB OJHOTO MOMAJaHUs B LIENb MPHU YETHIPEX
BeICTpenax paBHa 0,9984. HaliTu BepoATHOCTh MONAaAaHMS B LENb IpU
OJTHOM BBICTpEIIE.

3. OG6cnenoBanack rpymma u3z 10000 denoBek B Bo3pacTe cBbimie 60
ner. Oka3anock, 4to 4000 4yernoBeK SBISIFOTCA MOCTOSHHO KYPSIIUMHU.
VY 1800 kypsmmx OOHapyXHUJIHCh CEpbE3HBIE M3MEHEHHUS B JIETKHX.
Cpenu Hekypsux u3MeHeHus B gerkux umenu 1500 genosek. KakoBa
BEPOSITHOCTh TOTO, YTO Hayraj oOcClieOBaHHBII YeIOBEK, HMEET U3-



MeHeHus B Jerkux? KakoBa BepOsSTHOCTH TOro, YTO Hayraj oOciemo-
BAaHHBIM YEIOBEK, MMEIOIUN M3MEHEHUs B JIETKUX, SBISETCA Kyps-
mum?

4. a) Yro Gonee BEPOSITHO BHIMIPATh Y PABHOCHIIBHOTO MMPOTHBHUKA
He MeHee ABYX MapTuil u3 TpéX UM He Oosiee OJHOM U3 IBYX MPH UIpe
B IIaXMaThl?

0) C 6a3p1 B Marasus otnpasieHo 4000 TmaTensHO yHaKOBaHHBIX
JI0OpOKauecTBEHHBIX M3Jenuil. BeposTHOCTH TOro, 4To HM3jAenue IMo-
Bpenutcs B myTH, paBHa 0.0005. HaiiTu BeposATHOCTH TOro, 4TO M3
4000 u3menuii B Mara3ud npuoOyayT 3 UCIIOPUEHHBIX U3IEITHSL.

5. a) Haiitu marematnueckoe OXKMIaHHE M JUCIEPCHIO CyMMBI OY-
KOB, BBITNIAJAIOIIUX Ha ABYX UTPAIBHBIX KOCTSX MPU OAHOM OpOCaHHH.
06) Ilpm xakux 3Ha4YeHUSIX MmapamMeTpoB k u b (QyHK-

0, x<2
st (x) =3kx+b,—1< x <2 moxer ObITh QYyHKIHEH pacmpeserne-
1, 2<x

HUSI HEKOTOPOW HenpephIBHOM ciydaitHoi Benmuuuubl X ? Haiitu Be-
POSITHOCTB P(— 23<X< 1,5). [MToctpouts rpadukn GyHKIMH pac-
npeneneHus F (x) U TUIOTHOCTH pacrpeneicHus f (x) 3TOM ClTydai-

HOHM BETWYHHBEI.

Bapuanr 2.

1. a) B marasun noctynuno 40 HOBBIX I[BETHBIX TEICBU30POB, CPEIH
KOTOPBIX 7 UMEIOT CKpBIThIC nedekThl. Haynady orOupaercs onuH Te-
JIeBU30p Ui TpoBepku. KakoBa BepOATHOCTh, YTO OH HE UMEET CKPHhI-
THIX 1eeKToB?

0) Cpemu 100 noTepelHbIX OMIETOB €CTh 5 BBIMTPHIMIHBIX. Haiftu
BEPOSATHOCTH TOTO, YTO 2 HAayAauy BHIOpaHHBIC OMJIETA OKaXXyTCS BBI-
WTPBIIIHBIMY,

2. B nmepBom smmke HaxoguTces 2 OeNbIX U 5 YepHBIX MApOB, BO BTO-
poM smmKe - 3 OenbIX U 2 YepHBIX mmapa. M3 kaxmoro suka BBIHH-
MAaIoT 110 OIHOMY Iapy. HaifTu BeposITHOCTh TOTO, 4TO 00a BEIHYTHIX
miapa - 4YepHsIe.

3. Marasud nony4aer 3JEKTPOJAMIIOUYKH C JIBYX 3aBOJIOB, IpHUYEM
JIOJISL TIEPBOTO 3aBojia cocTaBiseT 25 %. W3BecTtHo, uTO M0 Opaka Ha
STUX 3aBOJIaXx paBHa COOTBETCTBEHHO 5 % u 10 % oT Bceil BhimycKkae-
Moii mponyknuu. [Ipomaser; Hayram Oeper ofHy jammouky. KakoBa
BEPOSATHOCTH TOT'O, YTO OHA OKaXeTCsl OpaKOBaHHOH ?
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4. a) YCTpOMCTBO, COCTOUT M3 MATH HE3aBUCUMO PaOOTAIOIIHX dJIe-
MEHTOB. BeposATHOCTB 0TKa3a Kaxka0oro u3 Hux pasHa 0,2. Haiitu Be-
POSITHOCTB TOTO, UTO OTKaXKyT: TPU IJIEMEHTA; HE MEHEE UEThIPEX dIie-
MEHTOB; XOTsI OBI OJIH 3JICMECHT.

0) Halitu BepoaTHOCTB TOTO, uTO eciu OpocuTh MoHeTy 200 pas,
TO open Beimazger ot 90 no 110 pas.
5. a) B ropone 4 komMmepueckux 6aHka. Y KaKJ0ro PUCK OaHKPOTCT-
Ba B TeueHue roaa cocraniser 20%. CocTaBbTe psn pacupeaeneHus
grcia 0aHKOB, KOTOPEIE MOTYT OOAHKPOTUTHLCS B TEUEHUE CIICTYIOIIC-
ro roja.

0) 3amana QyHKUMS pacnpeneNeHus HENPEephIBHOM CllydyaliHOM Be-
auauHbl X

0, x<3
F(x)z C(x—3)2,3£x£5.
1, 5<x

Haiitu koo duuuent C, MWIOTHOCTh pacupenencHus f (x) [Toctpo-
uTh rpadpuku F (x), f (x) Haiit BeposITHOCTB P(3 <X < 4).

Bapuanr 3.
1. a) 1 ceHTs0ps Ha MEPBOM Kypce OTHOro U3 (akyabTETOB 3aljIaHu-
POBaHBI MO PAaCHUCAHHUIO TPU JIEKIUH K3 10 pa3innyHBIX MPEIMETOB.
CTyneHT, He yCIEBIINH O3HAaKOMHUTHCS C PACIMCAHHEM, IBITAETCS €T0
yragaTth. KakoBa BepOATHOCTH ycrexa B JaHHOM 3KCIIEPUMEHTE, €ClIU
CUUTATh, YTO JII0OOOE paclucaHue U3 TpeX MPEIMETOB PAaBHOBO3MOKHO.
0) B smke cpemu 100 neraneit HaxomuTest oHa OpakoBanHas. U3
sIIUKa Haynady usBiedeHsl 10 neraneil. HaiiTu BeposTHOCTH TOrO,
YTO CpPeIH HUX OKa)KeTcs OfiHa OpaKoBaHHAsL.
2. JlBa cTpenka HE3aBHUCHMO APYT OT JApyra CTPESIOT MO OAHOM U
TOH ke 1enu. BeposaTHOCTh momajmaHus JUisl MEpBOTO CTPENKa paBHA
0,8; s BToporo - 0,9. HaliTu BEposITHOCTD IOpa)XeH!s LEIH.
3. M3 1000 nmamn 380 mpunaanexat x 1 maptum, 270 — KO BTOpOi
napTHH, OCTallbHBIE K TpeThei. B mepBoit maptuu 4% Opaka, BO BTO-
poii - 3%, B TpeTbeit — 6%. Haynauy BeiOupaercs onHa jgammna. Ompe-
JENTUTh BEPOSITHOCTB TOTO, YTO BEIOpaHHAs Jlamiia — OpaKoBaHHasL.
4. a) BeposATHOCTb M3TOTOBJICHHUSA HA aBTOMATHYECKOM CTAHKE CTaH-
nmaptHoil neranu pasHa 0,9. Onpenenuts BEpOATHOCTH TOTO, YTO M3
Tpex HayAauy B3STHIX JIETaJIed: IBE OKaXKyTCs CTaHJapTHBIMU; BCE TPU
OKa)KyTCs CTaHIAPTHBIMHU.



0) [IpuBUBKa OT rpuMIa AaeT MOJOKUTENBHBIN pe3ynbTat B 70%

ciydaeB. HaifTu BeposiTHOCTB, UTO B Tpynie u3 15 uenosek Oonee uem
IUIs IBYX OHa OyzeT OecroIe3HOM.
5. a) OXOTHHK CTpenseT MO AWYH O MEepPBOro MomajaaHus, HO ycIie-
BaeT caenath He Oonee 4yeThlpex BBICTpenoB. CoCTaBUTH 3aKOH pac-
MpeeIeHUs] YUClia IPOMaxoB, €CIM BEPOATHOCTH MOMAJaHUs B LIEIb
pu onHOM BEICTpene pasHa 0,7. Halitu nucnepcuto 3Toil cinydaitHoi
BEJINYHHEI.

0) Ilpm kakux 3Ha4YeHUsIX mapameTpoB k u b QyHK-

0, x<3
uH;{F(x)z kx+b,3<x<5
1, 5<x

MOXXET OBITh (YHKIHEH pacrnpelercHus HEeKOTOpOW HeNpephIBHOM
cnydaiiHoi BenuumHbl X ? HailiTh BeposTHOCTH P(—3£X SI,S).

[Toctpouts Tpaduku ¢GyHKIMU pacnpeneneHus [ (x), f (x) 9TOI
CIIy4allHOW BETMYUHBL

Bapuanr 4.

1. a) Haner 5 kaprouek c OykBamu A, U, JI, M, 4. Haiitun BeposT-
HOCTB TOTO, YTO nonyuutcs cioso MUJIAS, ecnu kapTouku BBIOMpa-
I0TCSI HAayraJa OAHA 3a JAPYrod M pacroiiaraloTcs B ps B MOPSIKE IMO-
SIBJICHUSI.

0) B ypHe 3 Genbix u 7 uepHBIX IapoB. M3 ypHBI BBIHUMAIOT (C
BO3BpalIEHHEM BBIHYTOrO IIapa oOpaTHO) ABa mapa. KakoBa BeposT-
HOCTB TOT'0, UTO XOTS ObI OIMH pa3 MOSBUTCA Oenblil map?

2. B xomone 36 kapt. Hayran BeiHuMaroT 4 kaptel. Haiitu Beposr-
HOCTB TOT'O, YTO CPEIN HUX OKaXKeTCs XOTsI OBl OAMH TY3.

3. ®upma UMeeT TPH UCTOUYHHUKA MTOCTABKU KOMILIEKTYIOIIUX — (up-
Mbl A, B u C. Ha nomro gupmser A npuxoautcs 50% obmero odbema
noctaBok, B — 30% u C — 20%. U3 npaktuku u3BectHo, uro 10% mo-
cTaBlsieMbIX (UpMol A neraneid OpakoBaHHBIE, GupMO B — 5% wu
¢dupmoit C — 6%.

1) KakoBa BepOSTHOCTb, YTO B3ATas Hayraj JeTalb OKa3alach
OpaxoBaHHOH?

2) KakoBa BeposSITHOCTb, UTO B3siTas HayraJ M OKasaBlIascs Opa-
KOBaHHOM JieTaJIb TIOIy4eHa oT GUupMbl A?
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4. a) Monery 6pocaiot 6 pa3. Beimagenue repda 1 pemku paBHOBe-
positHO. HaliTi BepoATHOCTH TOro, 4TO: TepO BBHIMIAACT TPH pasa; repo
BBITAJICT OAMH pa3; repO BBINAACT HE MEHEe ABYX pas.

0) Pemmts 3amauy B ycnoBusax cxembl bepnymm. Pribak 3a0pacel-

BaJsl cmuHHUHT 10 pa3. HaliTk BEposSTHOCTB TOTO, UTO OH MONMaJl XOTS
Ob1 oniHy pBIOyY, ecu olHa peIda MPUXOANTCA B cpenHeM Ha 12 3abpa-
CBIBaHUH CIIMHHUHTA.
5. a) B marasuHe mponatoTcs 5 OT€UECTBEHHBIX M 3 MMIIOPTHBIX Te-
neBu3opa. CocTaBUTh 3aKOH pacHpenesieHus CIydaiHOW BENHYHHBI —
qyciaa UMIOPTHBIX M3 YeThIpeX Haynady BHIODaHHBIX TEIEBH30DOB.
Haiitn ¢yHkuuio pacnpeneieHus: 3TOW Cly4dailHOM BENMYMHBI U TIO-
CTpOUTH ee rpaduk.

0) /laHa IIOTHOCTB pacrpeaeieHus CIIy4ailHOi BenninuHbl X :

0, x<0
flx)=4px,0<x <5,
0, 5<«x

OmpenenuTh TOCTOSHHYIO b, HallTh (yHKUUIO pacrnpeneneHus
F (x), BBIYUCIUTD BEPOSITHOCTH P(3 <X < 5). [ocTpouts rpaduxu

F (x), f (x) 3TOH CIy4allHO! BEIWYUHBL.

Bapmuanr 5.

1. a) Kon nomodona cocrout u3z Tpéx unudp, KOTopsle MOTYT MOBTO-
paThest. KakoBa BEpOSITHOCTB, UTO, CIy4aitHO HaOupas UG Pbl, MOXKHO
yraaatb Koa?

0) B xopoOke HaxoauTcs 4 CHHUX, 5 KPacHBIX U 5 3€JeHBIX KapaH-
nameit. Hayran ognoBpemeHHO BbhiHMMatoT 10 kapanpameii. Haittu
BEPOSATHOCTB TOT'0, YTO CPEIM HUX OYAET 3 CHHHUX U 3 KpaCHBIX KapaH-
Jaima.

2. CryneHT pa3pICKUBaET HYXHYI0 eMy (DOpMyIly B TpeX CIIpaBOYHU-
kax. BeposiTHOCTH TOTO, 4TO (hopMyJIa COAEPIKUTCS B TIEPBOM, BTOPOM,
TpeTheM CHpaBOYHUKE, cOOTBeTcTBeHHO paBHbI 0,6; 0,7; 0,8. Haittu
BEPOSATHOCTH TOTO, YTO (DOpPMyJia COJEPIKUTCS a) TOIBKO B OJHOM
CIIPaBOYHUKE; 0) TONBKO B JIBYX CIPaBOYHHUKAX B) BO BCEX TPEX CIpa-
BOYHHKAX.

3. B mxone obydaercss OAMHAKOBOE KOJIMYECTBO MAILYMKOB U JIEBO-
YyeK. Y BOCBMHUJIECSATU MPOLICHTOB JIEBOYEK U Y TPUALATH MPOLICHTOB
MaJIbYMKOB JUIMHHBIC BONOCH. KakoBa BEpOSITHOCTH TOTO, YTO Y CIy-
YaiiHO BEIOPaHHOTO yYCHHKA JJIMHHEIE BOIOCKI? KakoBa BEpOSTHOCTh



TOr0, 4TO CIy4aliHO BBIOPAHHBIH YYEHUK C JJIMHHBIMH BOJOCAMH —
MaJb4uK?
4. a) BcxoxkecTh ceMsiH maHHOTO pacTeHus coctanister 90 %. Haiitu
BEPOSATHOCTH TOTO, YTO M3 ISATH MOCEIHHBIX CEMSH B30HAYT: UETBIPE;
HE MEHEE YEThIpeX.

0) KakoBa BeposiTHOCTB, UTO B Tpynie, cocrosimeid u3 30 cryneH-
TOB, HUKTO HE POAUJICS B SIHBapE.
5. a) BeposTHOCTB TOCPOYHO CIATh 3K3aMEH Ha «5» sl KaXI0Tro U3
YeTBIpeX CIAIOUMX CTyJAeHTOB paBHa 0,6. CiydaitHas BemuumHa X —
YHCIIO0 CTYAEHTOB (M3 ATUX YETHIPEX ), CAABIIMNX 3TOT SK3aMEH Ha «5».
1) CocraButh 3aKoH pacrnpeneincHus X .

2) Haiitu Mmatematuueckoe oxkuganue M (X ) U IUCIEPCHIO D(X )
3) Hoctpouts rpaduk GpyHKIMU pacupeneacHus F (x)
4) Haiitu BepoSTHOCTB P(O,S <X < 3).

0) /laHa IIOTHOCTB pacrpeaeneH s CIy4aiiHOi BennnHbl X :

0, x<0
flx)=4bx,0<x<7.
0, 7<x

OmpenenuTh TOCTOSHHYIO b, HalTh (yHKUUIO pacrnpeneneHus
F (x), HATH BEpPOATHOCTD P(0,5< X <3). [octpouts rTpaduku

f (x) ukl (x) 9TOM ClIydaliHOW BENWYUHBL

Bapmuanr 6.

1. a) B xopoOke HaxoauTca 5 CHHUX, 4 KpacHBIX U 3 3eJeHBIX KapaH-
namra. Hayran oqHoBpeMeHHO BRIHUMAIOT 3 Kapanpaama. Haiftu Bepo-
SITHOCTH TOr'O, YTO BCE OHU 3CIIEHBIE.

0) B norepee 30 OmieroB, U3 KOTOPBIX 5 BRIMIpHIIIHEIX. KakoBa
BEPOSATHOCTh TOJYYHTH 0OJIEe OMHOT'0 BEIMTPHIIIHOTO OHMIeTa, B3SB
Haynauy 4 ounera?

2. B memxke cmemanbl HUTH Tpex 1BeToB: 30% Oenbrx, 50% kpac-
HBIX, OCTaJbHBIE 3eneHble. ONnpenenuTh BepOATHOCTh TOrO, YTO MPHU
MOCTICIOBATEIFHOM BBITATUBAHUM HAayraJ TPEX HUTEH OKaXKETCs, 4TO
BCE€ OHHU OJHOI'O I[BETA.

3. 45% TeneBu30pOB, UMCIOIIMXCSA B Mara3uHe, U3rOTOBJIEHBI HA 1-M
3aBone, 15% Ha — 2-M, ocTanbHbIe — Ha 3-M 3aBoxae. BeposTHocTH,
YTO TEJICBU30PhI, M3TOTOBJICHHBIC HA 3THX 3aBOJaX, HE MOTPEOYIOT
PEMOHTa B TeUEHUE rapaHTuitHoro cpoka, pasusl 0,96, 0,84, 0,9 coot-
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BETCTBEHHO. HaliTH BEPOSATHOCTH TOr0, YTO KYIJIEHHBIH Haynady Te-
JICBU30p BBIIEPKHUT FAPaHTUHHBIA CPOK pabOTHL.

4. a) [Ipu mepemave cooOLIeHUs MO KaHANy CBS3HM BEPOSITHOCTH HC-
KaykeHHs ofHoro 3Haka paBHa 0,01. KakoBa BeposiTHOCTb, YTO IpH Tie-
penade cooOIIEeHHs U3 5-M 3HAKOB JIOMYLICHO OHO UCKa)KeHHE?

0) IIpu BBeneHMH BaKLUMHBI IPOTUB NTUYBLETO I'PUIIIA HMMYHUTET
coznaercs B 99,98% cnydasx. Onpenenute (MpHOIHKEHHO) BEPOSAT-
HOCTh Toro, yto u3 10000 BakUMHMPOBAaHHBIX NTUI] 3a00JEIOT, IO
MEHBIIIEN Mepe, IBE NTHUIIBL.

5. a) I[IpomaBen mokymaeT nmepcuky OONBLUIMMYU NaPTUSAMH. Y UUTHIBAs
CKOPONOPTALIMICS XapakTep TOBapa, OH JAomyckaeT, 4to 15% ¢pyk-
TOB OyIyT moanopueHsl. [ mpoBepKH KauecTBa MpoaBel BEIOUpaeT
5 nepcukoB. CiydaiiHas BenuurnHa X — YUCIIO MOANOPYCHHBIX PpyK-
TOB CpEAH BHIOpaHHBIX.

1) CocraButsb psij pacupeneneHus X .

2) Haiitu MmaTtematuueckoe oxkuganue M (X ) U IUCIEPCHIO D(X )

3) Hoctpouts rpaduk GpyHKIMHN pacnpeneneHus [ (x)
4) Haiitn BEpOATHOCTH TOTO, YTO MPOJABELl KYNUT JAHHYIO HMapTHIO
MEPCUKOB, €CIU AJIS 3TOTO CPedu BBIOPAaHHBIX 5 MEPCHUKOB JOJIKHO
ObITH He Oonee IBYX MOANIOPYCHHBIX.

0) JlaHa MJIOTHOCTH pacmpeneieHusl CIydaiHOH BETUYMHBI X:

0, x<0
flx)=4bx,0<x<4,7.
0, 47<x

Onpenenuth MOCTOSHHYIO b, HAWTH (QYHKUIUIO pacnpeneicHus
F (x) u mocTpouTh €€ TpaduK, BBIYHCIUTH BEPOSATHOCTH

P(3 <X < 5). [TocTpouTth rpaduK IJIOTHOCTH pacrpenencHus [ (x)
ATOU CITy4yalHON BEIUYHHEI.
Bapuanr 7.
1. a) bpomensl 2 urpanbHble KOCTH. HaliTh BepOsSTHOCTH TOTO, YTO
CyMMa BBITIABIINX OYKOB HE MPEBOCXOANT 11.

0) B ammke 5 anenscuHoB U 4 s6noka. Haynauy Beibuparorcs 3
¢pykra. KakoBa BepoATHOCTB, YTO BcE TPH (PPYKTa — arenbCHHBI?
2. U3 adpoBok3ama OTHpaBMIIMCH 2 aBTOOyca-dKCIpecca K Tpamam
caMoJIETOB. BepoaTHOCTh CBOEBPEMEHHOI'O MPHUOBITUS KaXKJOTO aBTO-
Oyca B aspomopt paBHa 0,95. HaiiTu BepoATHOCTH TOTO, 4YTO: a) 00a



aBTOOyca MpuIyT BoBpems; 0) oba aBToOyca OIO3AAIOT; B) TOJIBKO
OIMH aBTOOYC MpUOYIET BOBPEMS; T) XOTS Obl OJUH aBTOOYC MpHUOY-
JIET BOBPEMSL.

3. ITlepen moceBom 80% Bcex ceMsiH ObUIO 00pabOTaHO SAOXUMHKA-
TaMu. BeposTHOCTh mopakeHus pacTeHUi, MPOpPOCHINX M3 3THX Ce-
MsH, BpequTensmu paBHa 0,06, a pacTeHUl, TPOPOCIIUX U3 HEOOpado-
TaHHBIX ceMsH — 0,3. KakoBa BEpOATHOCTH TOT0, YTO B3ATOE HayJady
pacTeHne OKaXKeTcsl MOpaKEHHBIM?

4. a) Ompenenuth BEpOATHOCTb, YTO MPH MATH OPOCAHUAX MOHETHI
repO BBIMAIET YETHIpE pasa.

0) C 6a3pl B Marasus otnpasieHo 4000 TmaTensHO yHaKOBaHHBIX
J0OpOKauecTBEHHBIX M3Jenuil. BeposTHOCTH TOro, 4To HM3jAenue Imo-
Bpenutcs B myTH, paBHa 0.0005. HaiiTu BeposATHOCTH TOro, 4TO M3
4000 u3menuii B Mara3ud npuoOyayT 3 HCIIOPUEHHBIX U3IEITHSL.

5. a) I[IpousBoasTcsl He3aBUCHMBIE MCHBITAaHUA TpeX NpuOopos. Be-
positHocTH oTkaza st Hux 0,2, 0,3, 0,1 coorBercTBeHHO. CrydaifHast
BenmuurHa X — YHCIIO OTKAa3aBIIMX MPUOOPOB.

1) CocraButh 3aKoH pacrnpeneincHus X .

2) Haiitu Mmatematuueckoe oxkuganue M (X ) U TUCIEPCHIO D(X )
3) Hoctpouts rpaduk GpyHKIMHN pacnpeneneHus [ (x)
4) HaiiTu BEepOsITHOCTD P(O,S <X< 3).
0) JlaHa MJIOTHOCTH pacmHpeneleHusl CIydaiHOH BETUYMHBI X:
0, x<0
flx)=4px,0<x<32.
0,32<x
OmpenenuTh MOCTOSHHYIO b, HaiTH (pyHKUHUIO pacnpeneieHus
F (x) u mocTpouTh €€ TpaduK, BBIYHCIUTH BEPOSATHOCTH
P(2,3 <X< 5,1). [Toctpouts TpaduK IUIOTHOCTH pacIpenelieHUs

f (x) 9TOM CIIy4aliHOW BENHYUHBL

Bapunanr 8.

1. a) [dans 5 kaprouek ¢ OykBamu A, b, O, 3, P. Haiitu BeposTHOCTB

Toro, uro nomyuutcs cnoBo OBPA3, ecnu kapTO4yku BBIOMpArOTCS

HayraJ O/1Ha 3a APYroil U pacrojararoTcs B ps/ B MOPSIKE NOABICHUS.
0) CoBer AMPEKTOpOB KOMIIAHUHM COCTOHMT M3 TPEX OyXraiaTepos,

TpeX MEHEKEPOB U JIBYX MH)KeHepoB. [lmaHupyercs co3maTh MoaKo-
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MUTET U3 ero wieHoB. KakoBa BEpOATHOCTH TOT0, UTO BCE TPOE B 3TOM
nogkoMuTere OyayT Oyxraiarepsi?
2. BeposTHOCTH CBOEBPEMEHHOI'O BBHINOJIHEHUS 3aJaHUs TPEMs He3a-
BHCHUMO paboTamImuMu OpurajgamMu COOTBeTCTBEHHO paBHbI 0,5; 0,6;
0,7. HaiiTu BepOsTHOCTh CBOEBPEMEHHOI'O BBITIONHEHUS 3aJaHNUS XOTS
ObI OtHOM OpHramoi.
3. B MarasuH mocTynarT OAMHAKOBBIE U3JENUsA C TpEX 3aBOJOB,
npuyeM MnepBeli 3aBoa moctasuia 50 uznenuit, Bropoit — 30, TpeTut —
20 . M3BecTHO, uTO N07s Opaka Ha 3THX 3aBOJaX paBHA COOTBETCTBEH-
HO 5%, 10% u 15% ot Bcelt BrimyckaeMoil npoaykuuu. KakoBa Bepo-
SITHOCTh TOTO, YTO KYIUIEHHOE M3/EIME OKAKETCS XOPOIIEro KayecT-
Ba? KakoBa BEpOSTHOCTB TOTO, YTO KYIUIEHHOE U3/I€IHE XOPOIIEro Ka-
4ecTBa U3TOTOBJIEHO Ha TPEThEM 3aBojIe?
4. a) UrpampHas xoctb Opocaercs 5 pa3. Haiftu BeposTHOCTH TOTO,
YTO 2 pa3a BBINAAET IIECTh OYKOB.

0) Cpenu cemsin pxxu 0,04 % copHsikoB. KakoBa BeposSITHOCTH MpH
ciryyaitHoMm ot6ope 5000 cemsiH 0OHAPYKHUTH 5 CEMSIH COPHSKOB?
5. a) OOpbIB MPOH30IIEN paBHOBEPOSITHO HA OJHOM U3 5 3BEHBEB Te-
nedonHOM MHUK. MOHTEp 00cenyeT UX MOCIeNOBaTENbHO 10 O0HA-
pyxenus oopeiBa. CiyuaitHas BenmumunHa X — 9MCIO 00CIICIOBAaHHBIX
3BEHbBEB.
1) CocraButsb psia pactupeneneHus X .

2) Haiitu Mmatematuueckoe oxkuganue M (X ) U TUCIEPCHIO D(X )
3) Hoctpouts rpaduk GpyHKIMHN pacnpeneneHus (x)
4) Haiitu BepoSTHOCTB P(3 <X < 5).

0) /laHa IIOTHOCTB pacrpeaeieH s CIy4aiiHOi BeMnInHbI X :

0, x<1
flx)=42x-2,1<x<2.
0, 2<x

[ToctpouTh rpaduK IUIOTHOCTH pacrpenencHus f (x) 3TOH ciy-
yalfHOU BeNUUYMHEL. UTO BeposTHEE: MoMalaHue CIydyalHON BeTUUHHBI
B MHTEPBAJ (1,6; 1,8) W B MHTEPBAT — (1,9;2,6)?

BapuanTt 9.

1. a) B xopoOke HaxoauTCS 5 CHHUX, 4 KPacHBIX U 3 3€JEHBIX KapaH-
nama. Hayran omHoBpeMeHHO BRIHUMAIOT 3 Kapangama. Haiftu Bepo-
SITHOCTB TOT'0, YTO BCE OHU KpPacHBIE.



0) B ornene BHEMIHMX CBs3€H (PUPMBI HMEETCSI BOCEMb 3aKa30B Ha
OTIIpaBKy TOBapa: NATh — BHYTPH CTPaHBbI, a TpU — Ha dkcnopT. Kakosa
BEPOSTHOCTh TOTO, YTO JBa BHIOPAHHBIX HAyraj 3aKa3a OKaXyTcs
MpeAHa3HaYeHHBIMU JUIS IOTPeOIeHUs BHYTPU CTPaHbI?

2. Pexnama pactBopumoro kode «['paHm» mepemaercs mo KaHajgam
THT, CTC, HTB. BepostHOCTh TOr0, 4TO MOTPEOUTEND YBUIUT 3TY
pexnamy Ha kanaie THT, pasna 0,7; na CTC — 0,5 u Ha kanane HTB —
— 1. HaiiTu BEpOSITHOCTD TOTO, YTO OTPEOUTENb YBUIUT 3Ty pPEKIamy:
a) M0 BCEM TpeM KaHajaM; 0) XOTs ObI [0 OJHOMY M3 3TUX KaHAJIOB.

3. Jluon, BcTaBieHHBI B MUKPOCXEMY, MOKET MPHUHAIEKATh K OJ-
HOU n3 Tpéx maptuii ¢ BeposTHocTAMU 0,25, 0,5 u 0,25. BepostHOCTH
TOTr'0, YTO JHOA MpOopadoTaeT onpeAeaE€HHOE YHCIO YacoB, UL dTHX
napTtuit paBHbI cooTBeTcTBEHHO 0,1, 0,2, 0,4.

OnpenenuTh BEPOSTHOCTH TOTO, YTO IHOA MpopaboTaeT 3aJaHHOE

YHCIIO YaCOoB.
4. a) B uexe umerorcs 4 pe3epBHBIX MoTOpa. s Kaxxaoro Moropa
BEPOSATHOCTh TOT'O, YTO OH BKJIIOUEH B JAHHBIM MOMEHT, paBHa 0,l1.
HaiiTu BeposSTHOCTH TOrO, YTO B JAHHBIH MOMEHT HE BKIIOYEH HU
oquH MOTOp. KakoBa BepOSTHOCTH, YTO BKIIOYEH XOTS Obl OJUH MO-
TOp?

0) HaliTu BEpOSTHOCTH TOTO, YTO YUCIIO BBIMTAJICHUN HA UTPATBHOM
kocty ynciaa 4 npu 1000 Opocanusx OyAeT 3aKIOUEHO MEXIY YMCIia-
Mmu 161 n 171.

5. a) B mporpamme sk3ameHa 45 BOmpocoB, U3 KOTOPBIX CTYICHT 3Ha-
er 30. B ounere 3 Bonpoca. Ciry4aiiHasi BenmuunHa X — YHCIIO BOIIPO-
COB OuJieTa, KOTOpbIE 3HACT CTYACHT.

1) CocraButsb psia pactupeneneHus X .

2) Haiitu Mmatematuueckoe oxkuganue M (X ) U IUCIEPCHIO D(X )
3) octpouts rpaduk GpyHKIMHN pacnpeneneHus (x)
4) Haiitu BepoSTHOCTB P(O,S <X< 3).
0) Jlana hyHKIWS pacpeiencHus CIyJYaifHON BETWYHHEI X:
F(x): e’, x< 0,.
I, O<x

Haiitu mmotHocts [ (x) , BEPOSITHOCTb P(—l <X< 1). [Toctponts
rpaduku GpyHkumii £ (x), f (x)
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Bapuanr 10.

1. a) M3 40 BompocoB, BXOSIINX B 3K3aMEHAI[MOHHBIC OUJICTHI, CTY-
nent 3HaeT 30. HaliTu BepoATHOCTH TOTO, YTO CTYyZIEHT HE OTBETHUT Ha
TIEpBBIN 3aJaHHBII BOIIPOC.

0) Tpu denoBeka MPOU3BOIBLHO Pa3MEUIAIOTCS B § BaroHax 3JeK-
Tpuuku. HailiTu BEposTHOCTB TOTO, UTO BCE OHU 3aliyT B BaroH Ne 5.
2. Pa3ppIB 2JEKTPUUECKOW LIEMM MPOMCXOTUT B TOM CiIydae, Korja
BBIXOJHT U3 CTPOsI XOTS OBl OAMH 3JIEMEHT U3 TPEX MOCIEeA0BATEIbHO
coeanHeHHbIX. OnpenenuTh, 4To He OyAeT pa3phiBa LIEMH, €CIIU dJie-
MEHTHI BBIXOJAT U3 CTPOS COOTBETCTBEHHO C BeposATHOCTHIO 0.3; 0.4;
0.6.

3. Komanga mo OuaTiioHy cocTaBieHa M3 JBYX OTJIMYHBIX, TPEX XO-
pOLIMX M TSATH CPEIHUX CTPENKOB. BeposTHOCTHM momamaHus B MH-
LIEHb 7Sl KaXIOW M3 3TUX TPYII COOTBETCTBEHHO paBHbI 0,99, 0,9,
0,75. KakoBa BepOATHOCTb, YTO HayraJ BHIOPAHHBIA CTPEIOK MOMajer
B mumeHs? Hayrag BeIOpaHHBIN CTpenok moman B MuuieHb. KakoBa
BEPOSATHOCTB, YTO 3TO CPEIHHI CTPETOK?

4. a) B cembe 10 mereit. Cuutasi BEpOSATHOCTH POXKICHHS MAJIbYMKOB
U JIEBOYEK PaBHBIMH, HAWTU BEPOSATHOCTH TOTO, YTO B CEMBE 5 Mallb-
YUKOB H 5 IEBOYEK.

0) BeposarHocTh BBITTyCcKa OpakOBaHHOTO cBepia (IOBBIIICHHON
xpynkoctu) paBHa 0,02. Ceépna ykiaapBaloT B KopoOku mo 100
mrTyk. OnpeAenuTs BEpOITHOCTh TOTO, YTO YHCIIO OpaKOBaHHBIX CBEPI
KOpOOKE HE IPEBOCXOANT TPEX.

5. a) Ctymentsl ApreMoB 1 benoB cTosT B ouepenu B pa3lIeBajIKy.
Bcero B ouepenu 6 yenoBek. CiydyaiiHas BeuyuHa X — YHCIIO CTY-
JICHTOB, CTOSIIIIUX MEXIY HUMH.

1) CocraButs psia pactupeneneHus X .

2) Haiitu Mmatematuueckoe oxkuganue M (X ) U IUCIEPCHIO D(X )
3) octpouts rpaduk GpyHKIMHU pacupeneacHus F (x)
4) Haiitu BepoSTHOCTB P(3 <X < 5).
0) [lana pyHKUMS pacnpeeieHuss CiydaiiHOM BennanuHbl X :
F(x): 3%, x< 0,.
I, O<x
Haiitu mioraocts  f (x) , BEPOATHOCTb P(—l <X< 1). [Toctponts

rpaduk GyHKIMU pactpenencHus [ (x), wiotHocTH f (x)



CTyIeHT AOJKEeH BBHIMONHUTH KOHTPOJIbHBIC 33JaHUS 110 BapHaH-
Ty, HOMEp KOTOPOTr0 COBIMAJAET C MocienHel MU(poil ero yueOHOro Home-

pa (mudpa).

NPUJIOKEHUA

Tadauua 1. 3Hauenue QpyHKIHH (p(x) = 2—6
V4

X o [t T 2] 3[4 ]5s5 6] 7138109
Cotble o X

0,0 | 0,3989 | 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973
0,1 3970 | 3965 | 3961 | 3956 | 3951 | 3945 | 3939 | 3932 | 3925 | 3918
0,2 3910 | 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 | 3836 | 3825
0,3 3814 | 3802 | 3790 | 3778 | 3765 | 3752 | 3739 | 3726 | 3712 | 3697
0,4 3683 | 3668 | 3653 | 3637 | 3721 | 3605 | 3588 | 3572 | 3555 | 3538
0,5 3521 | 3503 | 3485 | 3467 | 3448 | 3429 | 3411 | 3391 | 3372 | 3352
0,6 3332 | 3312 | 3292 | 3271 | 3251 | 3230 | 3209 | 3187 | 3166 | 3144
0,7 3123 | 3101 | 3079 | 3056 | 3034 | 3011 | 2989 | 2966 | 2943 | 2920
0,8 2897 | 2874 | 2850 | 2827 | 2803 | 2780 | 2756 | 2732 | 2709 | 2685
0,9 2661 | 2637 | 2613 | 2589 | 2565 | 2541 | 2516 | 2492 | 2468 | 2444
1,0 2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
1,1 2179 | 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
1,2 1942 | 1919 | 1895 | 1872 | 1849 | 1827 | 1804 | 1781 | 1759 | 1736
1,3 1714 | 1692 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1540 | 1518
1,4 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1334 | 1315
1,5 1295 | 1276 | 1257 | 1238 | 1219 | 1200 | 1181 | 1163 | 1145 | 1127
1,6 1109 | 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 0989 | 0973 | 0957
1,7 0941 | 0925 | 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 | 0804
1,8 0790 | 0775 | 0761 | 0748 | 0734 | 0721 | 0707 | 0694 | 0681 | 0669
1,9 0656 | 0644 | 0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0562 | 0551
Jecsteie nomu X
s 0540 0440 | 0355 | 0283 | 0224 | 0175 | 0136 | 0104 | 0079 | 0060
s 0044 0033 | 0024 | 0017 | 0012 | 0009 | 0006 | 0004 | 0030 | 0020
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X X
Ta6auua 2. 3Hauenue GyHKIUH @(x) _ '[ e 2dx.
V2r
X 0 1 2 3 [ 4] 5 ] 6 ] 738 9
Cotble o X
0,0 | 0,0000 | 0040 [ 0080 | 012 0160 | 0199 | 0239 | 0279 | 0319 | 0359
0,1 0398 | 0438 | 0478 | 0517 | 0557 | 0596 | 0636 | 0675 | 0714 | 0754
0,2 0793 | 0832 | 0871 | 0910 | 0948 | 0987 | 1026 | 1064 | 1103 | 1141
0,3 1179 | 1217 | 1255 | 1293 | 1331 | 1368 | 1406 | 1443 | 1480 | 1517
0,4 1554 | 1591 | 1628 | 1664 | 1700 | 1736 | 1772 | 1808 | 1844 | 1879
0,5 1915 | 1950 | 1985 | 2019 | 2054 | 2088 | 2123 | 2157 | 2190 | 2224
0,6 2258 | 2291 | 2324 | 2357 | 2389 | 2422 | 2454 | 2486 | 2518 | 2549
0,7 2580 | 2612 | 2642 | 2673 | 2704 | 2734 | 2764 | 2794 | 2823 | 2852
0,8 2881 | 2910 | 2939 | 2967 | 2996 | 2023 | 3051 | 3079 | 3106 | 3133
0,9 3159 | 3186 | 3212 | 3238 | 3264 | 3289 | 3315 | 3340 | 3365 | 3389
1,0 3413 | 3438 | 3461 | 3485 | 3508 | 3531 | 3553 | 3577 | 3599 | 3621
1,1 3643 | 3665 | 3686 | 3708 | 3729 | 3749 | 3770 | 3790 | 3810 | 3830
1,2 3849 | 3869 | 3888 | 3907 | 3925 | 3944 | 3962 | 3980 | 3997 | 4015
1,3 4032 | 4049 | 4066 | 4082 | 4099 | 4115 | 4131 | 4147 | 4162 | 4177
1,4 4192 | 4207 | 4222 | 4236 | 4251 | 4265 | 4979 | 4292 | 4306 | 4319
1,5 4332 | 4345 | 4357 | 4370 | 4382 | 4394 | 4406 | 4418 | 4430 | 4441
1,6 4452 | 4463 | 4474 | 4485 | 4495 | 4505 | 4515 | 4525 | 4535 | 4545
1,7 4554 | 4564 | 4573 | 4582 | 4591 | 4599 | 4608 | 4616 | 4625 | 4633
1,8 4641 | 4649 | 4656 | 4664 | 4671 | 4678 | 4686 | 4693 | 4700 | 4706
1,9 4713 | 4719 | 4726 | 4732 | 4738 | 4744 | 4750 | 4756 | 4762 | 4767
Jecsteie nomu X

2, | 4773 4821 | 4861 | 4893 | 4918 | 4938 | 4953 | 4965 | 4974 | 4981
3, | 4987 4990 | 4993 | 4995 | 4997 | 4998 | 4998 | 4999 | 4999 | 5000
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