Fr'TABA IV

CJIVUYAMHBIE IIOCJIEJOBATEJIbHOCTH

§ 13. 3akoH OOJIbHINX YKCEJT

13.1. Buabl cxomgumocTu mocjenoBareabHocTeii CB. B o. 1.3
IIPY OIIPEJICJICHUH BEPOSITHOCTH YKA3BIBAJICA dMITMPUIECKUH (DaKT, COCTO-
ANy B yCTONIMBOCTU 9aCTOTHI MOSIBJIEHHS COObITUS A B HCCIELyeMOM
ombiTe (G TpW TOCIEOBATEILHOM €r0 MOBTOPEHWH. DTOT IKCIIEPUMEH-
TaJabHBIH (paKT MOKET OBITH 0O0OCHOBAH MAaTEMATHIECKH C IIOMOIIBIO 3aK0-
Ha 6ospmx gnces. Ho i1st Toro Ham moHa o0saTCst HEKOTOPBIE TTOHATHS,
XapaKTepHU3yoIIre CXO0AuMOCTh mociaeaoBareapbaocta CB.

Onpegmenenne 13.1. Beckoneunas mocienoarensbuocts CB X, |
n = 1,2,..., onpeluejeHHas HA OJHOM MPOCTPAHCTBE 3JIEMEHTAPHBIX
cobbiTHit ), HasbBaercs cayualnol nocaedosamenvrocmoro (CII) u
obosnavaerca {X,}, n=1,2,...

SBameuanue 13.1. Eciu mocjaea0BaTeJIbHOCTh COCTOUT U3 JeTEPMU-
HUPOBaHHBIX BEJINIUH Xy , TO TOBOPAT, 9YTO IIOC/IEA0BATECJIBHOCTD CXOIUTCA

K BeqmunHe x (3910 obo3Hadaercs ¥, — ¢ win lim x, = ), ecnn s
n—oo

moboro & > 0 maiimerca takoe N > 0, uro |z, — x| < € mus Beex n >
> N . IlonpobyeM yTOYHUTH CMBICJ 3TOrO TIOHATHS JIJIA CIydaifHol mocye-
JOBATEIbHOCTH. TaK KaK Jjisd JII000T0 7, BOOOIIE TOBOPsI, MOXKET HAUTHUCH
Takoe £ > 0, 9ro ciaydaitsoe cobbitre {w: | X, (w) — X (w)| > e} # @, T0
HeJIb3s1 TOBOPUTH O CXOIUMOCTH CJIydaifHoil mociaegoBaTenbHoctn X,, K X
B IPUBEJEHHOM BBIIIE JETePMUHUPOBAHHOM CMbICIe. MBI paccMOTpuM
4YeThIPe BAJA CXOAUMOCTH Iocienobarenbrocreit CB. B manbHeitmeM mya
KPAaTKOCTU 3allUCU MbI HO—Hpe)KHeMy HE 6yﬂeM yKaBbIBaTb 3aBUCUMOCTbH
CB X,(w) OT a;eMeHTapHOro COObITH W .

Onpepnenenue 13.2. Ilycrs F,(z) — dbyHKuusa pacupeienenus
CB X,,rne n=1,2,...,u F(z) — byuknua pacupenenenus CB X.
Cll {X,}, n=1,2,..., cxodumcs no pacnpedeaeruro k CB X mpm
n — 00, ecsn nocyenoBaTenbHOCTh dyHKIN pacupenenenns Fy,(z) CB
X, cxonures K dbyHkunu pacupefenenust F(z) CB X B kaxzgoi Touke z
HenpepbiBHOCTH GyHKIMH F(z), T.e. Fp(x) — F(x) npu n — co. 10T

F
BHUJI CXOIUMOCTH OyzmeM obosHadaTh X, —— X .
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ITpumep 13.1. Tlosicamm Ha mpumepe cay4vai, korma F, () cxonmr-
ca k F(x) Bo Bcex TouKax, 3a UCKJIIOYEHUEM TOYEK Pa3pbiBa PyHKIUU

F(z). Ilycts ¢ BeposithocThio 1 X, =1/n, n=1,2,..., u X =0. daa
HUX
|1, z>=1/n, 1, x>0,
Fn(x)—{o, z < 1/n, F<x>—{0, z<0.
Ouepmano, uro F,(z) — F(z) mpmw n — oo mua Bcex = # 0. Ho
F,(0) = 0 musa Bcex n, a F(0) = 1, mosromy mOCIeI0BATEIBHOCTD
{Fn.(0)}, n=1,2,..., ue cxomurca k F(0). Ho Touka & = 0 sBasiercs
ToYKON paspbiBa dyHKIEA F(z), mosToMy cormacHo onpeneenno 13.2
F

X, — X.
Onpenmenenme 13.3. Cnyuwaitmag mocienosarensaocts { X, }, n=
=1,2,..., cxodumcs nowmu naseproe (m.H.) Kk CB X mpm n — oo, uro
II.H.
3anucbiBaeTcd Kak X, —— X, ecian
P {w: lim X, (w) = X(w)} =1
n—oo

II.H.
OueBugno, uro ecaum X, X, TO BEpOATHOCTH COOBITHS,

COCTOSIIIETO W3 TAKAX W , 9TO MOCIENOBATENbHOCTD {Ty, } peammsanuii CB
Xn(w) me cxomurea x peanmsamun ¢ CB X (w), paBra mysmo:

P{w: lim X, (w) # X(w)} =0.

n—oo

Taxum 06pa30oM, CXOUMOCTD [I0YTH HABEPHOE CJIyYaHOM 1OCIIe0BaTE b
HOCTH TmoHMMaeTcs mo peasnusamusasm CB X, mw X u B aTOM CMBICTE
[10X02Ka Ha CXOJMMOCTD JI€TE€PMUHUPOBAHHOMN 110C/IE0BATEIbHOCTH.

II.H.
Kpowme Toro, MoKHO moka3aTh, 9TO CXOAUMOCTh X, — X paBHO-
CHJIbHA TOMY, 9TO JiJist Bcex £ > (0 mMeeT mMecTo

lim P{sup Xm—Xge}—l.

n—00 m>n

Onpepnenenune 13.4. Cayuvaiinag nociaegoBarenbaocts {Xp}, n=
= 1,2,..., cxodumcs no eeposmuocmu k¥ CB X npu n — oo,

P
9TO 3allUCBhIBAECTCA KaK Xn E— X, €eCJIa OJIsd BCeX € > 0 CIIpaBEIJINBO

lim P{|X,, - X|<e}=1 wm lim P{X, - X|>¢e}=0.

CxomuMOoCTh T.H. JJis CIy9aiHOU ITOCIeJ0BATEIHHOCTU BJIEYET 33
c000if ¥ CXOAUMOCTD 10 BeposATHOCTH. JleficTBUTENbHO,

N

{w: [ Xp(w) - X(w)| <€} 2 {w : Zu;zl | Xm(w) — X (w)| E}.
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ITosromy

lim P{| X, — X|<e} > lim P{sup |Xm—X<6}:1.
n—o0

n—00 m2>=n

s CXOIUMOCTH IIO BEPOATHOCTH HE CjieayeT CXOAUMOCTD II.H.

P F
Ecm X, —— X, 10 mMoxHO mokazarh, yro u X, —— X.

O6paTHOe yTBep:K/IeHHe, BOODIe TOBOPsI, HEBEPHO.

Sameganue 13.2. B 6upxkeBoM mapaJoKce Mbl HMETH CXOAUMOCTH

ZnLO.

Teopema 13.1. (Hepasencmso Hebwviwesa, ycunrennvili apuanm).
IIyemo 1 -G abcomommond momenm CB X wonewen, m.e. M[|X[] <
< 00. Toeda dasn ecex € > 0 swnoansemes nepasencmso P{|X| > e} <
< M{X|"]/e".

HoxkazareabcTBo. Iy mOpPOCTOTHI MOKA3aTEJHCTBA ITPEIITONIO-
xmm, aro y CB X cymecrByeT mioTHOCTh pacupenenenus [fx(z).
Torma, ucnoms3ys ceoiicreo 3) f(z), nvMeem

+oo
MIX[" | Jal"fx(@)de> | Jof fx (@) de >
—oo o] >e

> e J fx(z)dz = eP{|X| > ¢},

jal>e

OTKyJJa CjieayeT JOKa3bIBaEMO€ YTBEDXKJIEHUE.
PaccmoTpuM BaKHBINE 9aCTHBIN CIydail MPUBEIEHHOTO HEPABEHCTBA.

IIycts CB Y 2x- mx, TIe mx 2 M][X]. Torpa, nonaras B HepaBeHCTBE
Yebbimesa r = 2, nosyduM

M[|X —mx|’] o D[X]
P{X —mx|>¢} < - 4 DIX]
€ €

Sameganue 13.3. laHHOe HEPABEHCTBO, MO3BOJSIOIIEE OIEHUTH
cBepxy BepogTHOCTH OTKJIOHEHUsT CB or ee MO nHa ocHoBe mudopmanmm
JINIIBb O €e JUCHEPCHUH, MHUPOKO HCIOJIb3YeTCs B TEOPUU OIECHWBAHUS W
yIpaBJIeHUsd CTOXacCTUIeCKHIMHU cHUcTeMaMu. B jmmTepaType dale Bcero
MMEHHO IIOCJIE/IHee HEPABEHCTBO HA3BIBAIOT HEPABEHCTBOM UeObImeBa.

Onpepnenenune 13.5. Cayuvaiinag nociaegosarenbaocts {Xp}, n=
=1,2,..., cxomurca k CB X 6 cpednem xeadpamuueckom npm n —

C.K.
— 00, uTO 3amuckiBaerTcs Kak X, —-— X, ecom M[|X,, — X|*] — 0 npu
n— 0o.



§ 13] 3AKOH BOJIBIINX YUCEJI 135

C.K. P .
Ilokaxkem, ato ecmm X,, —— X, to X,, —— X . IlelicTBUTETBHO,

paccmorpum CB Y, 2 X, — X . B cunty mepaBencra Heboimena g CB
Y,, umeem

M[YZ] & M[X, - XP]

2 2

P{|Y,| > £} < P{|Yal > ¢} <

€ €
Hosromy, et Xn —— X, T.e. M| X, — X|?] = 0 mpu n — oo, TO

g moboro € > 0 somonuaerca P{|Y,| > ¢} — 0 mpu n — oo, Te.

P
X, —— X . U3 cxogumMocTH 110 BEPOSATHOCTH HE CJIEAyeT CXOJNMOCTH B

CPEJHEM KBaPATHIECKOM.
CBs3b MeXK/Iy PA3JIMIHBIMY BUJAMHU CXOIUMOCTH yJO0HO NPEJCTABATH
B BHJIe JOru9ecKoil cxembl (puc. 13.1).

)(n —>X
a p F

X, X—»X—>X

Puc. 13.1

13.2. CxoammMocTh ycpeaHeHHOol cyMmmbl He3aBucuMmbix CB.

Onpenenenune 13.6. Bymem roBoputTh, 9TO CilydaitHas mocaegoBa-
renpHOCTE {X,}, n=1,2,..., gaBagerca nocaedosamesvbHOCTIBIO HE3a-
sucumuir CB X, , eciim mpu sirobom n CB Xy, ... | X, HEe3aBUCHMBI.

Al &
Paccmorpum ycpeanennyio cymmy Yy, = — > X}, mesasucumbix CB
n
k=1

Xy, my 2 M[X,], k =1,n. Ucnone3ys csoiicteo 4)M [X], momyanm

A

M[Yn] = M[Xk]

S
NE
S

n 1 n
Z mg, D[Yn] = ﬁ Z D[Xk]
k=1 k=1

k=1

Onpenenenune 13.7. Bymem roBoputh, 9TO K MOCIIETOBATEIHHOCTH
{X,}, n=1,2,..., nesapucumbrx CB npumenum saxon Goavwus wucea

(3BY), eciim Y, — MY, ]| LN opu n — 00.

Teopema 13.2.  Ecau das nocaedosameavrocmu {X,}, n =
= 1,2,..., nesasucumwzr CB ewnoansemca ycaosue lim D[Y,] = 0,
n—oo

mo x amoti nocaedosamenvHocmu npuMeHUM 3a4K0OH b0ALWUT HUCeN.
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HokazarTealbCTBO. YTBEDXK/IEHHE TEOPEMbI DPABHOCHJILHO TOMY,
91O
lim P{|Y, — M[Y,]| >} =0.
n—r 00

[To mepaBencTBy YebObImena

D[Y.]

2

P{|Y, — M[Y,]| > e} < P{|Y, - M[Y,]| > ¢} <

3

P
CorulacHo ycinoBuoo TeopeMbl, moaydaem: |Y, — M[Y,]| —— 0.

VYrBepxkmenne teopembl ocraercsa BepubiM, ecim CB {X,}, n =
= 1,2,..., FBIAIOTCA JHUIIb HOINAPHO HEKOPPEJIMPOBAHHLIMH, TaK KaK
ceoiictBo 4)M [X] coxpansercsa n nyist HekoppesnupoBaHabix CB.

Teopema 13.3. (Teopema Gebvuuesa). Ecau nocaedosamesvrocms

{Xn} obpasosana nesasucumvimu CB, ducnepcuu Komopouur pasHoMepHO
02DaHUMENDL, . €. CYWECTNEYem makxas xoucmanma c, wmo DI[X,] <

<c dasscer n=1,2,..., mo x 2moti nocaedo8aMEALBHOCTNY NPUMEHUM
3aKOH OONDWUL YUCEN.
Horaszarenbcrso. Tak kak D[Xy] < ¢ musa seex k=1,2,..., 1o,

ucnonb3ys coiicto 4)M [X], mosyaum
1 & c
k=1
Ho ¢/n — 0 npu n — oo, T.e. ycnoBue TeopeMbl 13.2 BBINOIHEHO U K

nocneposarenbaoctn {X,}, m = 1,2,..., UpAMeHUM 3aKOH GOIBITAX
qHCelL.

Teopewma 13.4. Ecau nocaedosameavrocms {X,}, n=1,2,...,
obpasosana Hezasucumovimy CB ¢ odunakrosvimu pacnpedeseHusmu u Ko-
neurnoti ducnepcuett D[X] < 400, mo x smoll nocaedosamesvrocmu

P
NPUMEHUM 3AKOH OOALWUT “uces, npuvem Y, — Mx , TAe My =
A
= mg :M[Xk], k‘Z].,Q,...

HokazareabcrBo. B gannom caygae D[Xy] = dx < oo miua Beex

k=1,2,... Ilosromy ycioBue teopembl UebbimeBa BoimosHeHo. Kpome

roro, M[X}] 2 myp = mx qas seex k= 1,2,... Tlosromy

M[Yn] =

S

n
> my =mx,
k=1

P
orkyna caenyer, aro |Y, —mx| —— 0.
Onpenenernue 13.8. ByneM roBopuTh, 4To K HOCIEI0BATEIHHOCTH
{X,}, n =1,2,..., mesapucumbix CB npumennm ycuaennwd 3axon

oz wucen, ecmn |Y, — M[Yy]| ——=5 0 npu n — oc.
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N3 ycunennoro 3akoHa OOJBINUX 9HCE] CIEIyeT 3aKOH OOJIbITIX
qrcesI, TaK KaK U3 CXOAUMOCTH HOYTH HABEPHOE CJIEAYET CXOAMMOCTH IO
BEPOATHOCTH.

Teopema 13.5. (Teopema Koamozoposa). K nocaedosamenvrocmu
{X,}, n = 1,2,..., nesasucumunzr odunaroso pacnpedesernvir CB,
Y KOMOPHLT Mx KOHEYHO, NPUMEHUM YCUAEHHBLT 3aKOH OOADWUT “UCEN,

m.e. Y, LN mx -

B pmammoit Teopeme, B orTiamume oT Teopembl 13.4, me Tpebyercsa
cymecrBoBauus mucrnepcuu CB X, . Ho mokasarenbcTBO 3TOi TeopeMbl
3HAYUTEJLHO CJIOYXKHEe, YeM JI0Ka3aTeJIbCTBO TeopeMbl 13.4, o3TomMy MbI
He TPUBOJIUM €ro B JAHHOI KHWUTE.

Sameuganune 13.4. 3akoH OOJIBIIUX TUCET — ITO, IO CyTH, CBOKCTBO
caydaiisol mocnenosarenabHocTd {X,},m = 1,2,..., cocrodiiee B TOM,
9TO ClIydaiiHble OTKJIOHEHHWsI OTAeJbHBbIX HezaBucuMbix CB X, or mx
00IIIero CpegHero 3HaYeHnd My IIPHU DOJIBIIOM 7t B CBOEH Macce B3aWMHO
noramatoTcs. [losTomy, xoTsa camu BesuauHbl X, CIIyd9ailHbl, UX CpeTHEe
apudMeTUYeCKOe 3HAYEHUE I[PU JOCTATOYHO OOJIBIIOM N [PAKTUYECKU
y2Ke He caydaitHo u 6,m3Ko K mx . Takum obpaszom, ecmtt MO mx CB X,
3apaHee HEeM3BECTHO, TO, COrjlacHO Teopeme 13.5, ero MOX>KHO BBIYUC/IUTH
¢ 10601 «CTEMeHBI0 TOYHOCTHY C MOMOIIBIO CPETHETO apuPMETHIECKOTO

Al E
Y,= - Z X} . Ho mpu sTOM BCcTaeT Bompoc: B KAKOM CMBIC/IE TOHUMATH
n

k=1
TOYIHOCTDH NPHUOMMKEHUS Y, ~ mx ! OTBer Ha 3TOT BOmpoc OyaeT JaH B
ciaemyrommeM naparpade.
PaccMoTprM OIBITHI, IPOBOAUMBIE 110 CxeMe BepHyJuin, B pe3ysbrare

A
KOTOpBIX coObiTne A («ycnex») npoucxomur ¢ BeposTHOCTRIO p = P(A).

A
Paccmorpum wacrory «ycmexos» W, (A) = M/n, tme M ectp [ucmo
«ycmexoB» Tpu n ucnbiTapuax. Ciydaiinag senmmanHa M umMeeT GHHO-
MuasbHOEe pacnpenenenne Bi(n;p) .

Teopewma 13.6. (Teopema Bepnyaau, ycuserwnwd eapuarm). Ya-
CMOMa «Ycnexos» Crodumcs NoYMmu HAGEPHOE K GEPOATNHOCTNY, <YCNELA>,

II.H. A
m.e. W,(A) —= P(A) =p.

Hokazareabcrpo. Tak kak M wnmeer OMHOMUAJIBLHOE pacIpejie-
JieHne, TO 9acrory ycnexoB W, = M/n MOXKHO IpPEeJCTABUTb B BUIE
YCPEIHEHHO CyMMBI HE3aBUCHUMBIX OQUHAKOBO pacupenenenabix CB Xy ,
k = 1,n, nmeromux pacupenesienne Beprysiun, co 3nadenusvu i = 0

wm xp = 1. Hpuvem P{X; =1} =p, P{X, =0} = ¢q. osromy

n

M 1
- Xk, tme M[Xy]|=p, D[ Xi]=pq, k=1,2,...
k=1

n

Y, =

Torma mo Teopeme 13.5, TaKk KaK BBIIOTHEHO yCJIOBHE My = p < 00,

nonyaaem M/n NS



138 CIYYAUHBIE MOCJELOBATEILHOCTU [F.H. v

Sameganne 13.5. Camomy dAxoBy Bepnyium npunajiexur mp0-

Ka3aTeJbCTBO Gojee cinaboro yreepxkKieHus, uro W, (A) L) P(4).

Teopema Bepryman 0ObsACHSET CMBICT CBOMCTBA YCTONYIMBOCTH TACTOTHI
W, (A) = M/n, KoTopoe MbI paHee IPHHAMAIN KaK KCIePHMEHTAIbHbIH
dakT. Takum obpa3om, TeopeMa BepHyIn SBIAETCA <«IEPEXOIHBIM MO-
CTHKOM» OT TEOPHH BEPOSATHOCTEH K ee MPUIIOKEHUIM.

13.3. Tunossie 3aja4un.

Bagadga 13.1. CyTouHBI pacxof] JMEKTPOIHEPTUU JJIsd JIHIHBIX
HY2KJI B HaCEJIEHHOM IIyHKTe cocTaBisger B cpegaeM 4000 kBt - 1. Onennts
BEpPOATHOCTH TOI'O, YTO B OJIM2KAMNINE CYyTKH PACXo[, JIEKTPOSHEpruu B
srom HaceseHHOM myHkTe He npesbicuT 10 000 kBr - 4.

Pemewnmne. Ilycts cayuaitnasg Bequunmaa X — pacxofl 3J€KTPOIHED-

rum B Tedenue cyTok. Ilo ycaosuro M[X] = 4000. ITockoneky CB X
HEOTPUIATEJIbHA, TO, MPUMEHss HEPABEHCTBO ebbrmenBa st 7 = 1,
oIy 9aeM,
P{X > ¢} <P{X >} < MET
€
Takum obpazom,
4000
P{X > 10000} < =0,4.
x> b 10 000 ’

CaemoBaresbHO,
P{X <10000} =1— P{X > 10 000} > 0,6.
O rBeT. OnennBaemasi BeposaTHOCTH He MeHbie 0,6.

Samadga 13.2. Hekoropslii mepuos, BpeMeHrn Ha OUpKE COXPAHSLICS
OTHOCHTEJIFHO CTAOUIBHBIN Kypc BadioThl. Ha ocHOBaHWEN JaHHBIX OUpIKe-
BOIl CTATHCTHKH 33 ITOT MEpUOJ ObLIa COCTABJIEHA CJIELyIOIIas Tabauna
BO3MOX>KHbIX 3HAYEHUI M3MEHEHUs KypPCa BaJIIOT:

Tabauma 13.1

BosmoxkHoe n3menenme Kypca, % | —1 | —0,5 | 0 0,5 1
BepositHocTh M3MeHeHHSA 0,1 0,3 0,5 | 0,05 | 0,05

C momompio HepaBeHCTBa eOBINIEBa OMEHATH BEPOSTHOCTH TOTO, 9TO
IpousoiijleT u3MeHeHue Kypca BaJroThl He 6osbine yem Ha 0,6% .

Pemenwne. ITycrb CB X — u3MeHeHMe Kypca BAIIOTH (B IPOIEHTAX ).
TpeGyercsi onenuth BepositHocTh: P{|X| < 0,6} . Bocnonssyemesi s
9TOTO HepaBeHCTBOM JebbimeBa:

P{|X| <06} =1 P{|X|> 06} >1-
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Yrobbr Berancauts M[X?2], nocrpoum pag pacupenesenns CB X2

(cm. Tabi. 13.2). Torma
Tabuauma 13.2

21 - . =
M[X?] =0,25-0,35 + 1-0,15 = 0,2375. T o Tos | 1

P |05 ]035]0,15

Takum obpazom, mMeeM

0,2375
>1- = ~ .
P{|X| <06} >1 0.6 0,34

3aMeTuM, YTO MOXKHO BBIYUC/IUTH TOYHOE 3HAYEHWE STON BEPOSITHOCTH,
TaK KaK HaM m3BecTeH psan pacapenenenus CB X . JleiicrBuresabHo,

P{|X| <06} =1- P({X =1} +{X = 1}) =1-0,1-0,05=0,85.

Ormerum, 9TO TIOJIydaeMast C MOMOIIBIO HEPABEHCTBA 1eObIleBa OIMEHKA
OKa3bIBAETCS BeCbMa, Ipy0Oil.

OrBeTr. Huxudgg rpaHummna omeHKH BepodTHocTn paBHa 0,34, a
HCTUHHOE 3HadeHue BepodTHocTu paBuo 0,85.

Samadua 13.3. SBagama mnocienoBaTeabHOCTh He3apucuMmbix CB
X1, X9,...,Xp,..., IPDUYEM DS
pacupenenenns CB X, mpeacras- Tabuunma 13.3

gea Taba. 13.3. Ilpmmenum am
9TOH HIOCJIeIOBATEIbHOCTA 3aKOH
OOJIBIIUX YUCeI’

X, | —vn 0 Vvn
P 1/(2n) | 1—-1/n | 1/(2n)

Pemenne. [IpoBepum, BHITIOIHSIIOTCS JIX YCJIOBUsT T€OPEMBI ebbirie-
Ba. s sroro maitnem mucnepcuio CB X, . OdeBumnao, 910 MaTeMaTHde-
ckoe oxumanne X, pasHo 0, mo3dTOoMy

DIX,] = M[XZ] = (Va)? + =1.

Takum 0bpaszoM, aucmepcuu CiaydalHbIX Beamaud X,, n = 1,2,...,
OrpaHWYEeHBbl B COBOKymHOCTH KOHCTaHTOi ¢ = 1. CulemoBaresbHO, CO-
TIacHo TeopeMe YeObImmeBa, K MOCIeI0BATENbHOCTH X1, X2, ...y Xpyoo
npumennm 3BY.

Orset K nmocnemosarensuoctn Xy, Xo,... , X,,... apumeanm 3BY.

Samada 13.4. BepogrHOCTH TOr0O, YTO TPHU OMYCKAHUHA OJHOTO
2KETOHA NMPUEMHUK WI'PAJHHOTO aBTOMaTa CpaboTaerT MpaBWIILHO, PAaBHA
0,95. HaiiTn MUHEMaJIbHOE YHCJIO YKETOHOB, DU OMYCKAHWH KOTODPHIX B
WrPaJIbHBIN aBTOMAT, YaCTOTA MPABWIHLHON pabOThl aBroMara ObLIa ObI
3akJyiodeHa B rpaHunax ot 0,93 mo 0,97 BKIIIOYUTETBHO C BEPOATHOCTBHIO
ue menee 0,93. [Ipumennts HepaBencTBO Uebbimena.

Pemenmne. [Iycrs cayuaiinas sesmanna X; npuaumaer 3uadernue 0,
ecd MpUEeMHHK WIpajbHOTO aBTOMAaTa CpaboTaeT HENPaBUILHO IIPH
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1-M OILyCKaHMU >KETOHA, U 1, ecjiu 11PU ¢-M OIlyCKaAHUU >KETOHA IPUEMHUK
HTPaJbHOTO aBTOMaTa cpaboTaeT HpaBWIbHO, i = 1, n. Pam pacopemene-
nus raxoit CB X, upu sobom ¢ = 1, n, jan B tabu. 13.4.

M pacupenenenns Bepmyaan

M[X;] = 0,95, DI[X;] = 0,05-0,95 = 0,0475.

O6o3HAYNM 9aCTOTY MPABHJIBHONW pPabOTHI UrpasbHOrO aBroMara W,.
1 n

Torma W, = = Z X;. Cunras ciydaiinbie
Tabaunga 13.4 gt
BequauHbl X7, ..., X, HE3ABUCHMBIMU, IOJIY-
Xi 0 1 qaeM
P | 005|095

M[W,] = - 3" M[X/] = M[X,] = 0,95,

DV = 5 3 DX = | DI, =
VckoMy0 BEPOSTHOCTD MOYKHO 3allUCATh KaK
P{0,93 < W, < 0,97} = P{0,93 — M[W,,] <
< W, — M[W,,] £ 0,97 - M[W, |} = P{|W,, —- M[W,]| < 0,02}.
ITo nepasencrBy Yebbimiena moaydaem

D[W,] _ 1 00475 _ 118,75
W. — MW < = — = .
P{IWn Wal] > 0,02} < (0,02)2  n (0,02)2 n

CaemoBaresbHO,

P{|W, — M[W,]| 0,02} = 1 - P{|W,, - M[W,]| > 0,02} > 1 - _11i’75 ,

Takum obpa3om, nCKoMas BEpOATHOCTH Oymer He meHee 0,93, eciim 6ymer

BBITIOJTHEHO HEPAaBEHCTBO

— % > 0,93.

Paspemas 3T0 HEpaBEHCTBO, MOTYIUM

118,75
> b
"z 007

= 1696,4.

Orser Hcuons3yst nepasencrso Uebbimiesa, 1mosiydaeM OIEHKY MU-
HUMAaJIbHOTO YHUCJIa YKETOHOB, paBHYIO 1697 KeToHaM.
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§ 14. llenTpaspbHas npejiejibHasE TeopeMa

14.1. CxoamMoOCTh HOPMUPOBAHHOU cyMMBbI He3aBucuMbix CB.
PaccmoTpuM HOpMEPOBaHHYIO CyMMy Z,, HezapucuMblix CB Xi, k=1,n:

EE N SEAVIISEY) B St

n n n

£ 2D[Y Xi| = Y- DXy = > o,

=1 i=1 =1

TaK KaK O 2 D[Xk], mg 2 M[Xy]. Tak Kak Z, daBiagercsa HOPMUDO-
Banuoit CB, To mo cBoiictBy 5)myx M][Z,] =0, D[Z,] = 1. Usyuum

noBejieHne nociaenopareabaoctn CB Z,, mpu n — oo.

Onpenmenenune 14.1. Bynmem roBopurh, 9TO K MOCIIEOBATETHHOCTH
{X,}, n=1,2,..., mesaucumbix CB nmpumenuma yenmpasvras npe-
deavras meopema (IIIIT), ecnm mocaenosarensrocts CB Z,, cxomurest
o pacupegenernnto Kk CB U | umerorieii cranmapTHOe HOPMAJIbHOE PacIpe-
npenenne, U ~ N(0;1), T.e. Z, L) U.

Sameuanune 14.1. Kak ormeuasoch Bblllle, 3aKOH OOJBIINX Y-
ceJ — 3To, O CyTH, CBORCTBO mocieqoBaTenbHOCTH HesaBucuMbix CB X,
(cm. 3ameuanne 13.4), KOTOPOE BBIIOIHSIETCS NPU ONMPEIEIEHHBIX YCIO-
BUsIX. AHAJIOPMYHYIO0 MHTEPIPETALUIO UMEET U LEHTPAJIbHAs IPEIesIbHAs
Teopema. HazBaHme «IeHTpasbHAs TIPeIesibHAsT TEOpEMa», Ha HAIIl B3IJISI,
HE O4YeHb TOYHOE, TaK KaK II0 CMBICIy — TO CBOMCTBO, a He Teopema. Ho
TaK KaK B JIOTEPATyPE 9TO IMOHATHE 3aKPENWJIOCh, TO U MBI OYJIEM €ro
npunepkuBarbcd. OynmamenTtanpaas poib LIIIT B Teopun BepositHOCTE
COCTOUT B TOM, YTO IPHU BeChbMa ODIIUX MPE/IIOIIOKEHUSIX CyMMa OOJIBIITO-
ro Ymncia He3aBUCHMBIX (O0THOCHTENhHO Manbix) CB ymoBiaeTBopuTenbHO
ONMCHIBAETCS HOPMAJIBHBIM 3aKOHOM. DTUM (DAKTOM U O0bACHIETCS OYeHb
MIIPOKOE PACIPOCTPaHEeHNE HOPMAJILHOTO 3aKOHA Ha MPAKTHUKE.

Onpegenenue 14.2. ByneMm roBopuTb, YTO MOCIEIOBATEILHOCTD
{X,}, n=1,2,..., nesasucumbix CB yznosuersopsier ycaosuto Jlanymo-
6a, eciu
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ITosicanm cmbicit yesosust JIsnynosa. Paccmorpum /j1st Tpou3BOIIEHOTO

§ > 0 ciayuaiiable cobbrtus Ay, 2 {|IXx —mg|/sn =6}, k=1,n. Torna
no ceoiicrBy 7)P momydaem

Sn 1<k<n

P{i max | Xy — ma| 25} :P(Zn: Ak) < Zn:P(Ak) A

2 SO P Xy —my| > 6s,} < '
k=1

e=5p0,7=3 H\ 533

[To ycaoBuro JIamyHoBa TociieiHee BBIpaXKeHUWE CTPEMUTCS K HYJIO TpU
n — oo. Takum obOpa3oMm, Bce cilaraeMble B HOPDMHPOBAHHOU cymMme Z,
PaBHOMEDHO MAaJIbl B TOM CMBIC/IE, 9TO BEPOSATHOCTH XOTsI OBI OJHOTO W3
HUX 0peB30iiTu Bejguuuny § > 0 CrpemMurTcs K HyJIIO [PU BO3PACTaHUU
YUCITa CTaraeMbIX.

Teopewma 14.1. (Teopema JIanynosa). Ecau nocaedosamesvrocmo
{X,}, n=1,2,..., nesasucumovirz CB ydosaemsopaem ycaosuro JIany-
noea u CB X, ee obpasyrougue, umerom xoneunvie MO u ducnepcuu, m. e.
my < 0o, 02 < oo, mox {X,} npumenuma yenmparvnas npedeavras
meopema.

HokazarteabcTBo. IlycTs

>

S
Sn

> Xk, rme UzéD[Xk], X2 X, —m.
k=1

n

2 _ 2

$p =Y Ok, Zn
k=1

Haiinem xapakrepucrundeckyto GyHriuo gi(t) CB X}, yunTeiBas, 9ro

i? = —1 u corslacuo cBoficrsam 2) u 5) mx : M[()O(k)Q] =07, M[)%k] =0.
Nyveem
A .9 __ || Tlo dopmye
ge(t) =M {exp {zt ch}] = H Tetizropa =
) it v 2 242
=M |1+t Xy +w + Ri(t) =1- U’“T—FRk(t),

Tle JJid OCTaTOYHOI'O 4JIeHa Rk(t) CIIpaBeJInBa OlleHKa
3 > |3
[Bi(t)] < CEM[| Xy ]

Torga nqna CB Z,, xapakrepuctudeckas QYHKIUS OyIeT UMETh CIELYIO-
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UA BUJL:

:M[Hexp{lthH =| ©B X& =
kel Sn HEe3aBUCHUMDbI
n 't)% n ¢
= T Mfee{ =75 = T o ()
k=1 " k=1 "

. t - ort’ t
9z.(t) = gk(s—): [1_ 37 +Rk(s_):|.
= " =1 n n
[TosTomy

Ingz, (t) = élngk (i) = H In(l+a)=a+ O(Q)H =

-SE )] -5 S e

n

Ho cormacno momyvennoii onenke mia Ry (t/s,) n mo ycrosmio JlamyHoBa
OCTATOYHBII WIeH B pa3noxkennn In gy, (t) crpemures K Hymo. TakuM 06-
pasom, 3akirouaem, uto Ing, (t) — —t?/2 npu n — co. Cieposaresbho,
g, (t) — exp{—t2/2} mpu n — oo. Ho gy (t) = exp{—t2/2} aBnaercs
xapakrepucrraeckoit dyuknumeit st CB U, mmeromelt HopMaabHOE pac-
npegpenerne N(0;1). XapakTepucTndeckass (DyHKIUSA OJHOSHATHO OIIPE-

JlesisieT 3aKOH pacnpejesenns. [Tosromy Z, L~ N(0;1).

IIpumep 14.1. Paccmorpum nocmeposarenvrocts {X,}, n =
= 1,2,..., He3aBucumMbIX oOnmHAKOBO pacuperenenabix CB X, ¢
kornegnbiMu MO, qucnepcueii 1 abCOMOTHBIM TpeTbuM MoMeHToM. Torma

1 n 3 MHXk — mx|3]
= — M|| X, — - -
Sn = V/nox, 3 k§=1 [| Xk —mx|”] 5 -0

Takum obpasom, ycnoBue JlsmyHoBa BbImoaHeHO. [losTOoMy K mociemo-
BaTEJbHOCTH HE3aBUCUMBIX OJIMHAKOBO pacupezesieHubix CB B mannoMm
caydae npumenuma IIT.

Sameganue 14.2. OTMermMm, 9TO CYIIECTBYIOT U JPyTrue YCIOBUS,
oTaMYHBIE OT ycjoBus JIsamyHOBa, TP KOTOPHIX K ITOC/IEIOBATEILHOCTH

CB npumennma IIIT.
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14.2. CxoguMmocTh dYacToThbl. PaccMorpuMm d9acrory «yCIEXOB»

A
W,(A) = M/n B cepun u3 n TOCIENOBATENLHBIX HE3ABUCHMBIX HCITBITA~
uuit B cxeme Bepnuysun. Ilpm mokasaresnbcrse Teopembl 13.6 (Beprysm)
IOKA3aHO, |UTO qaCTOTy VCIEXOB MOKHO TPEICTABHTL B BHIE CYMMBI
A M 1

Wn(d) = — = = ZXk, rae M[Xy| = p, D[Xi] = pg. Torma no
n
k=1
cBofictBam 1)M [ X ] 4)M [X] monygaem
1< 1 & pq
M[W,(4)] = ~ Z DWn(4)] = — > DXy = —.
e k=1
PaccMoTprM HOpMUPOBAHHYIO 9aCTOTY yCHENTHBIX MCIIBITAHMI
A Wy — M[W,] n M —np
n= —— = W’I’L — p— .
D[W,] ( P) Pq V/npq
Tak kak cornacHo cpoiicrBy 2)Bi(n;p) sbmonaserca M[M] = np,

*
D[M] = npq, To W, MOXKHO pacCMaTPHBATh TaK¥Ke KaK HOPMHUPOBaHHOE
YHUCJI0 YCIEIIHbIX UCIbITAaHUM.

Teopema 14.2.  (Teopema Myaspa—Jlanaaca). Iocaedosamenn-

HOCMD {I/f/n} , no= 1,2,... ) HODMUPOBAHHBIL YACTNOM <YCNETOE»
cxodumes no pacnpedeseruto k nopmaavroti CB U ~ N(0;1).

HoxazarenbcTBo. IIposepum yciosue JIanymosa. CB X, k =
= 1,2,..., HE3aBUCUMBI U OJUHAKOBO PACIPEIEJIeHbl, a UMeHHO: X
NpUHAMAIOT 3HadYeHust Tg = 1, 21 = 0 ¢ BeposTrOoCcTsIMN P{ X}, =1} =p,
P{X}; =0} = ¢q. Ilosromy B ganuom ciyuae

A n
sfl = Z D[X;] = nzD[Wn] = npq,
k=1
1, KpOMe TOTO,

M| Xy, — M[X]|*] = plaro — M[X]|® + glars = M[X]|* = qp(p”® + ¢*),

IIO3TOMY
1\ 3 P +q’
> MIX; — M[X]P] = E + :
S% P | k [ k]| ] (npq 3/2 - lqp p q ) /—npq

[Tociiemee BhiparkeHuWe CTPEMHUTCHA K HYJIIO IPA 7. — OO, T.€. YCJIOBUE
JlanyHoBa BeInOnHsiercst. CoresoBarenbHO, K mocienoBareiabrocta { X, },

n=12,..., npumennma LUIIT, T.e. Z, L U. Ho
Al S%an%mk_p7 A
n
Zn—;kgl(Xk—mk)— PR =Wa=p)y/ 20 =Wa.
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Sameganne 14.3. IlomyTHO MBI JOKa3a/u, 9TO K MOCJIEI0BATEh-
nocru Hesapucumbix CB X; ~ Bi(1;p), n =1,2,... npumenuma IIIIT.

* F
B coorBercTBUM c Teopemoit Myaspa—-Jlammaca W, —— U, T.e.

* *
npy GONBIIKMX 7 MOXKHO c4uTaTh, yro W, ~ U. Ho W, = (W, —

— p)y/n/pq, orkyma caenyer, aro W, = +/pq/n I/f/n +p. Takum
00pa3oM, IIpu OOJBIIAX 7 B NEPBOM IPUOJMKEHHH MOXKHO IIPUHATD,
aro 4vacrora W, sBisercs HopMmaJbHO pacupejgenennoir CB W, =
~ +/pq/nU + p c napamerpamu M[W,,] = p, D[W,,] = pg/n, T.e. moxknO

NPUOJIMKEHHO CINUTATh, 9TO pacupezenenne W, aBiisieTcs HOPMaJbHBIM.

*

IMockonbky W= (M — np)//npq, o M =~ \/pgnU + np n Mox-
HO TPHUOJIMKEHHO CINTATh, 9T0 pacupenenenue CB M asaserca HOp-
MaJIbHBIM. TakuM 06pa3oM, MBI TTOIydaeM A0Kaabhyto meopemy Myaspa—
Jlanaaca, B COOTBETCTBUU C KOTOPOU

1 (k —np)*
P{M=k}r ——expq———> .
{ } v/ 2mnpq P { 2npq

Kpowme roro, Beposraocts P{l < M < k} Moxer GbITb JIETKO OIl€HEHA
CorTacHO unmezpasvrot, meopeme Myaspa—/lanaaca:

k —np I —np
Pll<M<KLklxd| — | — @ ,
{ } <¢n—pq> (m)

rae ®o(r) — byukuumsa Jlamraca.

Hanomuawnwm, aro CB M umeeT 6GHHOMHUAIBHOE PACIIPE/IETIEHAE, BEPOSIT-
Hoctn P, (k) a1 KOTOPO# CII02KHO BRIMACIATH K Gosbimux 7. Ilosromy
npu GONBIIUX 7 JIJisi OTIEHKH COOTBETCTBYIOMIMX BEPOATHOCTEN yIO0OHO
NIOJIb30BATHCs JIOKAJIBHON (MHTErpasbHoii) Teopemoit Myaspa—Jlamaca.

Ecnu n Benmko, a p masio, To B cxeMe BepHyJIH MOXKHO IMOJIY9UTH
apyryto npubnmxkennyo onenky mias P{l < M < k}. CormacHo Teope-
Me 6.1 (ITyaccona) npu ycnoBuu np=a > 0 GHHOMHUAJIbHOE pacOpeiejeHne
CXOUTCS TIO PaclpeieNIeHUIo TP . — 00 K pactpeesennio [lyaccona,

T. €.
k
_ _ ok k n—k a —a
P{M =k} = C,p"q —>He ,

u CJIegoBaTeJIbHO,

P{l <M <k}

&Q
(7
|Q
a
Q

Takum obpazom, B cxeme Beprysam MoryT ObITH WCIIOIB30BAHBI JBE
A POKCAMAIAN.

10 Kub3syn A.U. u ap.
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ITycrs CB X ~ Bi(n;p), Torna ajs BEIMUCIEHUs] COOTBETCTBYIOIX
BEPOSTHOCTEH MOXKHO TOJIb30BATHCH ANITPOKCHMAIWSAME, OMUCAHHBIMA B
caemyromeit Tabsure:

Tabnuma 14.1

k
Tpubnauxenaune P, (k) > P, (7)
1=l
k k i
IIyaccona (n:!) e P ; (nﬁ ) e "P
(k —np)*
P 2npq k—np l—np
Myaspa—Jlamiaca | —————2 | @ —®
yapp - V2mnpq 0 < V/npq > ’ (x/npq>

[TorpemuocTu X npubiMKeHnl JaHBl B Tabsr. 14.2.

Tabauma 14.2

[Ipubnmxkenne Ilorpenrnocts
IIyaccona np?

2, 2
Myaspa—Jlamnaca Pty

Vv NpPq

14.3. TunoBbie 3aga4u.

SBamgada 14.1. CoriacHo JaHHBIM CTATHCTUYIECKON CIIyKOBI 0bJIacTH
5,5% TpymoCcIoCOGHOrO HaCeNeHus COCTABIAIOT GespaborHble. OUEHUTH
BEPOSTHOCTH TOTO, UYTO B CiIydaifHo oTobpanHOoil rpymme u3 1000 Tpymo-
CITOCOOHBIX 70JTsT 6e3paboTHBIX OyeT 3aksiovuena B rpannmax ot 0,045 mo
0,065 . PemuTh 3a/ady ¢ MOMOIIBIO HepaBeHCTBa UeObIMeBa W TEOPEMBI
Myaspa—Jlamraca. O6bsicHUTH pa3judne B pe3yIbTaTax.

Pemenmue. Ilycte CB X; npuaumaer 3nadenue 1, eciu ¢ -ii BRIOpaH-
HbIIl 4esloBeK — 0e3paborHblil, u 3Hadenne 0 — B IPOTHBHOM CIIydae;
i =1, 1000. CormacHo ompenenernno, CB X; ~ Bi(1;0,055), M[X;] =
= p = 0,055, D[X;] = p(1 — p) = 0,0519. Honsa Ge3paboTHBIX MOXKET
OBITH IIPe/CTaBIEHA CILydaiiHON BeanInHON

1000

Corsacuo cpoiictBy 2) Bi(n;p)

M[M] =p=10,055, D[M]=p(l—p)=519-10°.
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Temnepp HEOOXOAMMO OIEHUTH BEPOSATHOCTH
P{0,045 < M < 0,065}.

[IpoBenem odeBuHBIE TPEOOPA3OBAHUSI:

P{0,045 < M < 0,065} = P{0,045 — M[M] < M — M[M] <
< 0,065 — M[M]} = P{|M — M[M]| < 0,01}.
Coruacuo nepasencrsy UeObiiesa, umeem

DM] _
0,012

1-P{|M - M[M]| > 0,01} >1— 1-0,519 = 0,481.

Cormacuo maTerpasbHoOil Teopeme Myaspa—Jlamiaaca, mmeem

P{0,045 < M < 0,065} =
_p {0,045 ~M[M] _ M~ M[M] _ 0,065 — M[M] } _
VDM] /DM /D[M]

_pl__om < M — 1000p < 0,01 ~
0,72-10-2 1000p(1 — p) 0,72-10-2

~ 20, <&> — 20(1,33) = 0,8164.

OrBer. Omenka HuUXKHEHl TI'DAHANBI BEPOSATHOCTH, MIOJIyYeHHAS C
moMoIbio HepaBeHcTBa UeObrmeBa, paBHa 0,481. Ormenka, morydeHHast
¢ momorbio Teopembl Myaspa—Jlamnaca, pasraa 0,8164 .

Samadga 14.2. BepogrHOCTH TOr0O, YTO TPH OMYCKAHUHA OJHOTO
2KETOHA NMPUEMHUK WI'PAJHHOTO aBTOMAaTa CpaboTaer MpaBWIILHO, PABHA
0,95. HaiiTn MUHEMAJIBHOE YUCIIO KETOHOB, TAKOE, YTOOBI IIPX OIyCKAHUT
WX B WTPAJbHBIN aBTOMAT, 9aCTOTa MPABUJIBHONW PAabOTHI aBTOMaTa ObLIA
651 3akTI09eHa B rpafnax oT 0,93 1o 0,97 BKIIOIUTETHHO C BEPOSITHOCTHIO
He MeHee 0,93. YTOUHUTH MOJTyUIeHHYIO B 3a7a4e 13.4 OIEHKY ¢ TOMOIIHIO
Teopembl Myaspa—Jlammaca.

Pemenne. Ucnonb3ysa pe3ynabTaThl pemeHus 3agaqn 13.4, ICKOMYIO
BEPOSTHOCTH MOXKHO 3allMCaTh KaK

P{0,93 < W, < 0,97} = P{0,03 - M[W,,] < W,, - M[W,,] <

roe M[W,] =0,95, D[W,] = 0,0475/n.

10*
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Corsntacao maTerpaJbpHoit Teopeme Myaspa—/Jlamiaca

P{0,93 < W, <0,97} =
{093 M[W.] _ Wa = M[W.] _ 0,97 M[W]}

VDWW, yDW.] T /DI

~ (0,97M[Wn]> @ <0,93M[Wn]) B
A D[W.] 0 DW. /)

= $((9,1766 - 107%/n) — ®o(—9,1766 - 10~2y/n) =
= 23((9,1766 - 107%/n).

Beimonuenne yenopus P{0,93 < W, < 0,97} > 0,93 o3Hagaer, 4to

2%, <M) > 0,93,
100

BocmonbzoBasmick Tabiuneit aisa dyaknun Jlangaca, moaydum

1,8119

2
9,1766 - 102 ) = 389,86.

9,1766 - 107 %y/n > 1,8119, wm n > <
OrBer. OmeHka MWHUMAJBHOTO 9HCTA KETOHOB, MOJIYYEeHHAS C
noMonibio TeopeMbl MyaBpa—Jlaniaca, papaa 390 keToHaM.

Samadaa 14.3. BepodTHOCTH MOpParkKeHWsI MWINEHW [IPU OJIHOM BbI-
crpesne pasua 0,75. Haiitm BepogTHOCTh TOro, uro mpu 200 BbICTpesiax
MUIIEHb OyeT nopakeHa: a) 160 pa3; 6) He Menee 140 pas.

Pemenwe. a) B mannom ciyaae onwit mposomutrcs mo cxeme Bepryar-
s. 37eCh OuH OUbIT BepHyiin — O uH BBICTPEII 10 MUIIEHH; «YCIEX» —
TopakeHne MUIIEHN; BEPOITHOCTD «ycmexay p = 0,75 ; KOIUIeCTBO OIbBI-
ToB Beprymnmu n = 200. Toumnoe 3HadeHHME BEPOATHOCTH TOrO, UTO IIPHU
200 BBICTpeslax MWIIEHb OyIeT mopakeHa poBHO 160 pa3, BBIYUC/ISETCS
o ¢gpopmyite Beprysiu:

Pooo{k = 160} = C350(0,75)1°(0,25)%° =
2000 160 95140 1 7346 . 10-2
~ 160! 40! (0,75)"°°(0,25)*" ~ 1,7346 - 10™=.

6) Tounoe 3HadeHue BepogTHOCTH TOro, 49ro npu 200 BbICTpeiax
MutieHb Oyer moparkena ne menee 140 pa3, COOTBETCTBEHHO PABHO:

200 200
Paoo{k > 140} = 37 Paoo{k =i} = 3 C39(0,75)'(0,25)*° 7" =
i=140 i=140
200

!
S %(0 75)(0,25)2°°~" & 0,95461.

1=140
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HpI/I BbIYUCJICHUN DTUX BepOHTHOCTeﬁ MO>KHO TaK2>K€ I10JIb30BaTbCA
annpokcuManueit Myaspa—Jlamiaca (cM. nasee).

a) IIpubnuxkennoe 3HaMeHNe BEpOATHOCTH TOTO, 9To nipu 200 BBICTpE-
JlaX MUIIeHb OyaeT mopakeHa poBHO 160 pa3, BEIYUCISAETCS C MOMOIIBIO
JIOKaJIbHOM Teopembl MyaBpa—Jlamiaca:

1
X
v2m4/200 - 0,75 - 0,25

1 (160 — 200 - 0,75)? _2
—2 ’ ~1,7173-1072.
XexP( 27 200-0,75-0,25 ) ;7173 - 10

ono{k‘ = 160} ~

6) IlpubnmrkeHHOE 3HAYEHWE BEPOATHOCTH TOTO, uTo pn 200 BBICTpE-
JlaX MUIIEHb OyeT mopazkeHa He MeHee 140 pa3, BBIYUCILETCS ¢ HOMOIIBIO
nHTErpasbHOit Teopembr Myaspa—Jlamraca:

200 — 200 - 0,75 140 — 200 - 0,75
Q| =] P | —m—m———— ] .
/200 0,75 - 0,25 /200 0,75 - 0,25
Bocnosibzosasnmucs Tabimnamu st pysaknun Jlamiaca, noaydum

Orser. a) Pypo{k = 160} ~ 1,7346 - 10~2; 6) Paof{k > 140} ~
~ 0,95461 .

§ 15. Bagaum AJ1 CAMOCTOSITEJIbHOTO PelleHns

1. KosmgecTBo BOABLI, HEOOXOAUMOE B TE€UEHHE CYTOK IIPEIITPUATUIO
JUIS TeEXHUIECKUX HYXKJ, ABJIAeTCA CIyJYailHOW BeJMIWHON, MaTeMaThde-
CKOe O3KIIaHIe KOoTopoif paBHOo 125 M 2 . OIeHHTDb BEPOATHOCTD TOTO, UTO B
OsmyKaiime CyTKA PACcXo, BOJBI HA npeanpustun Oymer merbire 500 M3,

2. OumnbiT paboThl PEKJIAMHON KOMIAHWH [OKA3BIBAET, YTO aPECHAS
PeKJIaMa MPUBOJINT K 3asBKe B ogHoM u3 20 ciydaeB. Kommanmnga pasocia-
ga 1000 pekmaMuBIX mpocuekToB. [loKaxKuTe, ITO C IMOMOIIBHIO HEPABEH-
crBa YeObIleBa HeJIb3s OIMEHUTH BEPOSITHOCTH TOTO, 9TO UHCJIO 3asiBOK
okaxkerca bompire 30 m Mmenbime 60. VI3MeHnTe BEpXHIOIO IDAHUILY TaK,
9TOOBI IPUMeEHEeHNe HepaBeHCTBa UebbIeBa CTaaI0 BO3MOXKHBIM, U OIEHU-
T€ COOTBETCTBYIONMIYIO BEPOATHOCTH. ¥ TOYHHUTE IMOJIyIeHHBIN PE3yIbTaT C
nomombio Teopembl MyaBpa—Jlammaca.
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3. Pazmep sbimiarel kaxkgpomy kimeHTy Oanka ciydaen. CpejHss
BbIIJIaTa OXHOMY KiameHTy cocTtaBageT 5000 emuawnm, a cpeaHeKBajpa-
Tuaeckoe orkjoHeHne — 2000 epuHui. Boimarsl OTAe/bHBIM KJIEHTAM
HezaBucuMbl. CKOJIBKO JOIKHO OBITh HAJIWYHBIX JeHer B ODaHKe, 9TOOBI ¢
BeposiTHOCTHIO 0,95 s1eHer xBaruso Ha 00Ciay)uBanue 60 KiueHTOB?

4. 3amaHa MOCIEIOBATEIFHOCTh HE3ABUCUMBIX CIYyJYalHBIX BEJIUINH
X1, Xo0,...,Xn,... Panm pac-

Ta6numa 15.1 npenesenus CB X,, umeer Bux

Tabs. 15.1. IIpoBepurh, mpume-

Xn —5n 0 5n .
5 5 5 HUM JIA K 3TOH IOC/IeJ0BaTe b
P 1/(2n®) | 1-1/n 1/(2n%) nocru 3BY.

5. OmnbiT paboThl CTPaxoOBOil KOMITAHUW MOKA3BIBAET, YTO CTPAXOBOM
citydail IpUXOAUTCS MPUMEPHO Ha KaXKIbIil BocbMoil goroop. OmeHuTh ¢
IIOMOIIBI0 HepaBeHCTBA UeObIeBa HEOOXOAUMOE KOJIMYECTBO N JOTOBO-
POB, KOTOPbIe HYKHO 3aKJIOUATH, YTOOBI C BEPOATHOCTHIO HE MEHbIIEi,
geMm 0,8, MOXKHO OBLIO YTBEPKAATH, ITO JACTOTA CTPAXOBBIX CJIYIaeB OT-
KJIOHUTCS OT BepoATHOCTH He Hbosiee geM Ha 0,01 M0 abCOMIOTHON BeTMInHE.
VTOYHUTE Pe3ysbTaT ¢ MOMOINbio TeopeMbl MyaBpa—/Jlamiaca.

6. ToproBas ¢dupma mpomama 1000 eguwHUI] TOBapa, MOJydas IIPH
sroM npubbLIb M0 50 pybiteit ¢ KaxKmoit equHuIbl. [apaHTHIHBIN peMOHT
dupMa OCyUIECTBISIET CBOMMH CHJIAMH W TEPIAT OPH STOM yOBITOK
B 200 py6ueit. Haiitu rpanunsl MUHUMAJIBHOTO O JJINHE WHTEPBAJIA,
BHYTPH KOTOPOTO C BEpoATHOCTHIO 0,9545 3akioder m0X0x (PUPMBI, €CIn
B CPeJIHEM I'apaHTUNHBI PEMOHT HPUXOJAUTCS JI€JIaTh B KaXKJOM JI€CATOM
caydJae.

7. CkKOpOCTbH BETpa B T€YEHHE CyTOK B JAHHOW MECTHOCTH SBJISIETCS
cIydaiiHOU BEJIMIMHON, MaTeMaTHIeCKOe OXKIJaHne KOTOpOil paBHO 6 M / C.
OnenuTh BEPOATHOCTH P TOrO, 9TO B OJsimzKaillline CyTKHA CKOPOCTH BETPA
B 9TOIf MecTHOCTH OyzeT He MeHbIIe 16 M/c.

8. Jlucmepcusi OTIEIBHOIO PE3YJIbTATa U3MEPEHHST CIIy 9aifHON BeaIndun-
HBI He mpeBocxoauT 3. IIponsBognTtcs 1000 He3aBUCHMBIX U3MEpPEHMiT ITOM
BenumanHbl. Kakme rpaHuiibl MOXKHO FrapaHTHPOBATEH C BeposaTHOCTHIO 0,95
JJIS pe3yJIbTaTa U3MEPEeHUs CPeJHero apuMETHIeCKOr0 3TUX BEJWIWH?!
JlaTh OTBET ¢ IOMOIIBIO HEPABEHCTBA leObImeBa.

9. Cpennee m3MeHeHUWE KypcCa AKIMUil KOMIAHWUU B TE€YEHWE OIHUX
OUPXKEBBIX TOProB cocTaBmiio 1%, a CpeHEKBaIpaTHIECKOEe OTKJIOHEHUE
ouenupaercsd kKak 0,5% . OueHuTb BEPOATHOCTL P TOIO, YTO Ha, OJiMzKaii-
MIUX TOPrax Kypc W3MEHHUTCS MeHee 1eM Ha 2% .

10. 3amaHa IOCTEIOBATEIHLHOCTh HE3ABUCUMBIX CIYYailHbIX BEJMYUH
X1, X2, s Xpy ooy THe X, ~ R(=1/n;1/n). Ilpumennm am Kk TOi
MOCJIEIOBATEIBHOCTH 3aKOH OOJBIINX dUCEesT?
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11. TIlpeamosokmm, 9TO CpejiHEE BPEMsi OMO3/aHWsI CTYJ/IEHTa Ha
JIEKIIUIO CcOCTaByisgeT ogHy MuHyTy. OUEeHUTb BEPOATHOCTH P TOTO, UTO
CTYJIEHT OIIO3/IaeT HA JIEKIUIO HE MEHEee YeM Ha IATh MUHYT.

12. IIpeAmoso:KuM, 9TO B yCJIOBHAX HpPeABLAYINel 3aJadd JTOMOJIHU-
TeJIbHO M3BECTHO, YTO CPeAHEKBAPATHIECKOe OTKJIOHEHIE BPEeMEeHH OI03-
JaHUA CTyJeHTa Ha JIEKIUIO COCTAaBJIgeT TakKxKe ogHy MuHyTy. OIeHHTDH
MUHUMAJbHOE 3HaueHne x, npu kotopom P{X > z} > p, tme X —
cIydaifHoe BpeMs OIO3JaHMs CTYAeHTa Ha Jekmuio, p = 0,1 — 3aJaHHbI
YPOBEeHb BEepOATHOCTH.

13. B cpemnem kaxkmas 30-s1 Bujeokaccera, 3anCbiBaeMasi Ha CTY/IHH,
OKa3bIBaeTcs OpakoBaHHOM. OIEHUTH BEpPOATHOCTHL p TOro, aro u3 900
KacceT, 3alMCaAHHBIX HA, CTYIUU, 9UCJI0 OPAKOBAHHBIX OKAXKETCH B TIPEJIe-
gax or 25 mo 35. Pemurh 3amady ¢ moMoInbio HepaBeHCTBa UebblimieBa
¥ WHTerpajbHoil TeopeMbl Myaspa—Jlamnaca. CpaBHATH HMOJydIeHHBIE pe-
3yJIBTATHI.

14. Kakoe MuHHMAJIbHOE YHCJIO ONBITOB 7. CJEIyeT IIPOBECTH,
9T100Bl ¢ BepoaTHOCTBIO 0,95 MOXKHO OBLJIO yTBEPXKAATH, UTO YACTOTA
[IOSIBJIEHUST COOBbITUS Oy/eT OTyIndaThCs 10 a0COIIOTHON BeJUYUHE OT ero
BeposiTHOCTH, paBHoii 0,6, He 60ee gem Ha 0,027 OTBeT 1aTh ¢ TOMOIIHIO
HepaBeHCTBa UeObimeBa m wHTErpajbHON Teopembr Myaspa—Jlaniaca.
OObsicHUTH pa3udue pe3yJIbTATOB.

15. Boixoj nplmiaT B uHKybarope cocrapisger 75% or udumcia 3aJio-
KeHHBIX gull. ONeHuTbs BepoaTHOCTH p Toro, uTo n3 1000 3aI0’KeHHBIX
AW, BBLITYIATC:

a) poBHO 750 UBIILIAT;

6) or 720 no 780 UBIOIIAT.

16. B cpemnem kaxkipiit 30-if TesieBU30p, BBIIYCKAEMBIH 3aBOIOM,
BBIXOJUT U3 CTPOs [0 OKOHYAHWS TapaHTUAHOTO cpoka. OueHAThH C
nomonipio Teopembl Myaspa—Jlamimaca BepositHocTs p TOTO, 9TO U3 300
BBIIIYIIIEHHBIX 33aBOJIOM TEJIEBA30POB He bosiee 10 MOCTYIUT B rapaHTHITHBIN
DPEMOHT.

17. IlycTh B yciaoBuum 3ajadn 3 M3BECTHO, YTO B HaYaJe OIEePaIlMOH-
Horo musa B Oamke Obwto 350 000 emmuwnm HATHIHBIX geHer. Kakos Oymer
rapaHTUPOBAHHLIA ¢ BepodaTHOCTHIO 0,95 0CTATOK 71 HAJHUYHBIX JEHEr B
baHKe 1ocJe BhILIaThl Bcem 60 KjmenTam?

18. llex 3aBoja BBIMYCKAET MIAPUKU JJIsi MOJANIUIHAKOB. 33 CMEHY
mpousBoguTcsa 10 000 mapukoB. BepogTHOCTH TOro, 9TO OJIWH MIAPUK
oraxkercsd nederTHbIM, paBHa 0,05. [Ipuwawnnas 1edeKTOB OTAEIBHBIX MIa-
PUKOB He3aBUCHUMBI. [IpOfAyKnms OIpoXOauT KOHTPOJb CPa3y I[OCJE H3rO0-
TOBJIeHUs, U JAeEKTHBIE MAPUKN CCHINAIOTCA B OYHKEp MJIsi TeperIaBKi.
Onpenennrh, HA KAKOE KOJUIECTBO IIAPUKOB 71 JOJI?KEH OBITH PACCIUTAH
b6yHKep, 9T00BI ¢ BepogTHOCTHIO 0,99 OH He OKA3aJICd TMEPEermOJHEHHBIM
IIOCJIe CMEHBI.



