BeposiTHOCTHBIC MOI€IH.
IIpakTuka 15.
IIpeneibHbIe TEOPEMBI TEOPUH BEPOATHOCTEH

HpeﬂeanHe TCOPCMBI TB YCTaHAaBJIMBAIOT CBA3b MCKAY TCOPECTUICCKUMU U SKCIICPUMCHTAJIbHBIMU

XapaKTCPUCTHKaAMU CHy‘IaﬁHBIX BCJIMYUH IIpU OOJIBIIIOM YHCJIE UCTIBITAHUM Haa HUMMU.
HpL‘I[OHLIIbIO TeOPeMDBI [IO3BOJIAIOT BLIACHATD cBoOlcTBA CYMM M CPeIHHX

‘ELI)H("bMC‘TI‘I‘ICCKHX HeCKOJILKHUX Cﬂ}"‘laﬁllbl}( BEJIMYIHUIT, TIpH HeorpailmvIeninoM BO3-
pacTalnln YHcJa cJiaracMbIX, P'cl-CCM'cl.TpHB'cl[‘I\-II_)lL‘ TeopeMDbl JiezkaT B OCHOBe aCHMII-
TOTHIECKHX MEeTOI0B B TeOpHA BC‘I)OHTIIOCTOﬁ U MaTeMaTu4ecKol cTaTHCTHKE.

(:)6LI‘IIIO paccMaTpuBaloT ABa KPYIHBIX OJI0KA npenejibHLIX TeopeM: 3aKOoH
OOLIINK YHCesT 1 NMenTpajnLIyIo ITpee/IbIYIO TeOPpEeMY.

Bakon OOILIINX HUce] yTBepAact, 4ro cpejiee apudmerndeckoe 00Jib-
ITIOT0 YHcia He3aBHCHMLIX Cﬂ}"l‘aﬁIILIX BCJIMYHIT MaJlo OTJINYaeTCd OT cpeJiiero
a.pHCbl\-IC‘TI‘]‘ICCKOPO 3 UX MaTeMaTH'IeCcKIX O}KH,TL&IIHfI.

COFI[ELCIIO H(‘IITP'&J’ILIIOH Hp(‘fL(‘J’leOﬁ TeopeMe J1ocTaTO'THO 60“'IL>LH'L1}] CYMMa
IPHUMEpPHO OJINHAKOBLIX CTI}-"IELHHI)IX BeJIHYIHI Be/1eT COGH HpHGJTH)KOIHIO KarK HOD-
MaJILHO pacipe/e/eHIiad C."l}"IELI”lIIELF[ BeJIMTYHIA.

CHauana paccMOTpuUM HepaBeHCTBa MapkoBa M YeOrbImeBa, KOTOPbIE MOXKHO HCIOJIb30BATh IS
rpy0oii OIIEHKM BEpOSTHOCTH COOBITHH, CBSI3aHHBIX CO CIy4YalHBIMU BEJIWYMHAMH, paclpesieiieHue
KOTOPBIX HEM3BECTHO.

Teopema (HepaBenctso Mapkosa). Ecau neompuyamenvias cayai-
HaA G6EAUYYURA X(w) UMEETTL MATREMATMUNECKOE 0Xcudanue My, O das ar0bozo
NOAOHCUIMEABHO20 YUCAL £ C'Hp(lﬁ(—?(l@‘lbtio HEPAGEHCINGO ﬂi’a.p?atoea

My

PX(w)>e) < —.

IIpumep 1. OuieHUTH BEPOSATHOCTH TOTO, UTO Mpu 3600 HE3aBHCUMBIX OPOCAHUSAX UTPATHLHON KOCTH
YHCIIO MOSBIEHUH 6 0ukoB OyaeT He MeHbIe 900.

Pewenue. Ilycte X - gucno nosineHuit 6 oukos npu 3600 6pocanusix koctu. Torma m, = 3600% =600 .

Bocnonb3yemcs Teneps HepaBeHCTBOM MapkoBa mpu & =900 :
600 2
900 3
Teopema (IlepBoe HepaBeHcTBO YebbimmeBa). Fcau cayuaiinas eent-

P(X > 900) <

2
YU X UMEETTL MATNEMATMUYECKOE OJfCU()(I?LUe ms; U ()U-CHCPCUTO D.I? = O';‘ mo
()ﬂ,ﬂf JL?O(TO?O NOAOHCUITNEABHO20 HUCAL £ Cnpat'ﬁe()ﬁwfso HEPAGEHCTNGO LJeﬁ’b(.‘ul.et}a-
P(X i
(|1 — TT?I| = E‘) < z

Otciozna caenyer, BTopoe HepaBeHCTBO lebbireBa:

[Sv]

P(X —mg|<e)=P(m,—c< X <my+¢)> 17%.
IIpumep 2. BeposiTHOCTh HacTymieHus coObiTust A B KaxaoM u3 1000 He3aBUCHMBIX OMBITOB paBHa 0,8.
Haiinute BepoATHOCTB TOTO, YTO YMCIIO HACTYIUICHUH cOOBITHS A B 3TuX 1000 OnbITaX OTKIOHUTCS OT
CBOETO MAaTeMaTH4YECKOr0 0>KMJIaHUs IO aOCOIIOTHOM BeTUYMHE MeHbIIe yeM Ha 50.
Pewenue. Ilycte X - uncno HacTyruieHuit coobitus A B ykazanubix 1000 onbirax. Mmeem nemno co
cxemoii bepHyuM 1 COOTBETCTBYIONTUM €l OMHOMHAIBHBIM pacipeaeseHueM. Toraa

m,_ =np=1000-0.8=800 U D=c> =npq=1000-0.8-0.2 =160. Mcronas3yem BTopoe HepaBeHCTBO UeObIIIeRa:

P(| X —800 |< 50) 21—%: 0.936.
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HMpumep 3. Jucnepcus kaxaon u3 1000 He3aBUCUMBIX CITy4alHBIX BEJIMUUH X

(k=1,2,..., 1000) paBHa 4. OuleHUTH BEPOATHOCTh TOTO, YTO OTKJIOHEHHE CPEIHEN apu(hMETHUECKON ITUX
BEJIMYUH OT CpeHEH apruPMETHISCKON UX MAaTEeMAaTHUYECKUX OXKHUIAHUIN TI0 aOCOIFOTHOM BEJIMUMHE HE
npes3oiizner 0.1.

o _ 1 1000
Pewenue. Cpennee apupMeTHUECKOE CIyYalHBIX BETHUUH X: X = MZXk ;
k=1

cpenHee apupMETHIECKOe MATEMATHUECKUX OKUTAHUN
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m= X X, |=M(X).
10001(Z " 1000 (; kj 1000 (; kj )
3/1ech YITEHO CBOMCTBO JIMHEHMHOCTH MAaTEMaTHUYECKOTO OXKHMIAHUS JJIs JTIOOBIX CITy4alHbIX BEIMUUH X!
M[Zaka +bj =Y a,M(X,)+b . B Hamem ciryuae a, =1,b=0.
k=1 k=1
[Tpumennm BTOpoe HepaBeHCTBO YeOblmeBa K 3a1aHHON CpeHel apu(MeTHYECKOM:
D(x)

0.1
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k=1

P(i—M(i):P[ <01]>1—

Haiinem nucnepcuto cpeiHel apu)METHUECKOM 1 ydTeM, 9TO TUCTIEPCHS CYMMBbI HE3aBHCUMBIX
CIIyYalHBIX BEJIMYUH PABHO CYMME IUCTIEPCUI:

1 1000 1 1000 1000 1000D D
D(x)=D X, |=——=D| X = =—.
(0= (1000Z “j 10002 (Z kj (1000)ZZ D)= (1000 1000

k=1 k=1
3mech YYTCHO CBOICTBO JUCTICPCHUH AJ1s1 HC3aBUCUMBIX cnyanHblx BEIUYUH X!
n n
2
D(Zaka +bj =a; » D(X,).
k=1 k=1

Teneps HepaBeHCTBo YeOnpImeBa mpuMeT BHI:

( jZI_D/IOOO_l 4

0.01° 1000-0.1°
3akoH Oosbiux uncen B opme Ueonlmena:
Teopema (Yebbimesa). Ecau cayuatinme seaunuiis 6 nociedosamensio-
emu Xy, Xo, ooy Xo, ... nonapno nesasucumsl, 00UNaK060 pacnpedeaciv, ume-
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10 0OUHAKOEDIE MATNEMATIUMECKUE OHCUAHUA T U 00UHAKOGBLE ()UC'TIE]}CUU D,
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crodumeca no GEPOATNHOCTNUY K MATNEMATNUYECKOMY oorcudanuio m:

3akoH Oobiux uncen B hopme beprysmmm:
Teopema (Bepuymmm). Omnocumenvhan wacmoma % cobvimusa A npu
N NEIACUCUMBIT UCTHIMANUAT 10 cxeme Bepruyasu crodumes no eepoammocmu

P
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Kk eepoamnocmu p = P(A) cobwmus A npu odnom ucnvimanu:

k
<8]=1.

P
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n
OrMerumM, 9TO ec/Il HPOU3BEJICHO KOHEUHOe YHCJA0 7 He3aBHCHMDBIX HCIDLI-
k

Tanuii 10 cxeme BepHysuim, To sl OTHOCHTENILHOI 4acTOThL MHCIa « VCIEX0B»
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IIpumep 4. OuieHUTH BEPOSITHOCTD TOTO, YTO YacTOTa NosiBieHus mectepku B 10000 He3aBUCUMBIX

OpOCaHUSX UTPATBHON KOCTH OTKJIOHHUTCS OT BEPOATHOCTH IMOSBICHUS IIECTEPKU MO a0COIIOTHOM

BeJMuuHe MeHble ueM Ha 0,01.

Pewenue. Umeem aeno co cxemoit bepuymu. [IlpumennTensHO K JaHHOU 3a7ja4€ BTOPOE HEPABEHCTBO

YeOplmieBa 3amuIeTcsi B BUJIE:

s
p[ X _pl<001|=1-— 66
n 10000-0.01

~ 0.861




LlentpanpHas npeaenbHas TeopeMa B popme JIsmyHoBa:
Teopema (JlsmywuoBa). [Tycms cayuatinme eeauuumvt 6 nociedo6ament-
nocmu Xy, Xo, ..., X, ... nesasucumb, 00unaKo60 pacnpedeietsl, UMEN0mM. Pa6-
nole Mamemamuyeckue odcudanua m u pasnvie ducnepcuu D = o .
Toeda gynryua pacnpedeaenun Fz (z), n € N yenmpuposannot v nop-

.;ii‘(.’,})()t’jﬂ-?ﬂ'ﬁ()’& CYMMBL dannm Cu’ly"ﬁﬂ-"i}l?t'bl-:r GEAUNUH

pey X — nm
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Ty = , nelN

crodumes das ecex z € R v dhynnyuu pacnpedenenus Jlanaaca

lim Fz (z) = ®(z2).

n— 00

CrieneTBreM MEeHTPANBHOI PeIeTbHON TeopeMbl ABasteTest TeopeMa Myag-
pa—Jlammaca, oTHoOCIIASICS K cXeMe BepHysim.

Teopema (Myaspa—Jlamnaca). [Tycmo caywatnan ceavvuna B, use-
em OUHOMUAALHOE PACnpedesetie 1 ONpedeicna Kax wiucio noAcAenul cobwmusa
A npu n nesasucumwr ucnwmanuar no creme Bepuyaiu ¢ eepoammnocmoro
p = P(A) yenexa cobwmusa A 6 kascdom ucnvimaniii.

Tozda iyrnryuu pacnpedeaenus Fg , n € N UEHMPUPOSAHHOT U HOPAU-

. . B.—n; _
POGANHIOT NOCACIOGAMEABNOCT CAYMATINBT seaunun 13, = W_)’;‘” n e N cro-
damea das 6cex z € R w dynwyuu pacnpedererus Jdanaaca lim Fg (2) = &(z).

n—00

Teopema Myaspa—/lamraca TeopeTitieckn 000CHOBBIBAET BOZMOMKHOCTE TIPH-
OUIIKETIN S JTICKPETTION0 OUTTOMUATILIOTO PACTTPEICTCIHS TETPEPLIBHLIM TOPMAaJb-
HBIM paclpeJleleHIeM ¢ XapaKTepPUCTHKAME T = pn 0 0 = \/npq.

B wacrmoctn, U BLIMHCIEHNS BEPOATIOCTH MOMATANNA OHITOMUAITLIION
c/Iydaiinoil BeJmYnHbl Ha JHCKPeTHLI nurepBast [ky, ko) mpu gocrarodno 60ub-
MINX 3HAMEHHSIX Npg TpUMeHsieTcs mHTerpasbias (gpopmyia Myaspa — Jlammaca

fo — np & B, —np o ky — np) _
NN Vpq

o () o (Boi) o (L),
D N V1Pg

a JUIZl BBIMTHCJIEH S BEDOATHOCTH moboro U3 BO3MOKHDBIX 3HavdeHuii & = 0_, 1, L

b= <y

OHHOMMATLHON CTyIaiinoil BeTmInHLl — JokaabHast dopmyra Myaspa—/lamnaca

PB), = k)= i D) [
= k)= = 2npg )
" \/‘_)Trn.pqt -\

Bricokast Tounocrn HpHL/JJ'IH}KCIIHH JOCTHIaeTcd B Tex CJy'adx, KoI'Jla Bbl-
MONHSOTes yermoBust npg > 5 n 0,1 < p < 0,9. Ilpu yenosun npg > 25 npu-
GryKere MOYKIHO TIPUMEHSITH TP JII00LIX BepoaTnoctax p = P(A) cobuitns A.
IIpumep S. BeposTHOCTh HACTYIIIIEHUST COOBITHA A B Kaxa0M 13 900 HE3aBUCHMBIX UCTIBITAHUH paBHA P
= 0,8. HaiimuTe BEposSTHOCTH TOTO, 4YTO coObITHE A Tpousoiaet: a) 750 pa3; 6) ot 710 mo 740 pas.
Pewenue: Tak xak npq =900 - 0.8 - 0.2 =144 >25 , TO MOXHO BOCIOJIb30BaThCS JIOKATBHOU U

uHTerpasibHOU (hopmynamu Myaspa-Jlamnaca.
~ (750-900-0.8) 1 1
e 2:900-0.8:0.2  _— e 0.32 z000146

1
V21-900-0.8-0.2 V288n

[Tpu pacuerax MOKHO BOCIIOJIb30BATHCS TA0YIUPOBAHHON (YHKIIMEH MJIOTHOCTH HOPMAJIBHOTO
1
V21
1
Pygy (750) = —————— ()
v900-0.8-0.2

B namewm cinyuae
. 750-900-08 1
7/900-0.8-0.2  4/0.16

a) P900 (750) =

—x?/2
€

pacupeneneHus o(x) = . Torga

=25, ¢(2.5)=0.0175 1

P,y (750) = %q)(Z.S) ~0.00146



6) Bocronp3yemcs annpokcumanueii OMHOMUAIBHOTO pacipeesieH!s] HOpMaJIbHBIM pacIpeaesiecHueM
N(pn,4/pnq) ¥ MPUMEHUM HHTErpabHyIO hopmyny Myaspa-Jlaraca:

Pk, <B, <k,)= q{k2 _np]—q{kl _np}

Jioa ) yng
no ycnosuro n=900, k;=710, k,=740, p=0.8, q=0.2
740—720]_@1{710—720
RTINS e N v

= (1.67)— 1+ D(0.83) = 0.9525—1+0.7967 = 0.7492

P(710 < k < 740) =c1>[ ]=®(1.67)—CD(—0.83) =

IIpumep 6. BeposaTHOCTB TOTO, UTO 3IEKTPOIAMIIOUKA, U3TOTOBJIEHHAS JAHHBIM 3aBOJIOM, ABJISETCS
OpaxoBaHHO#, paBHa 0,02. [l koHTpOISt 0TOOpano Haynady 1000 mammnouek. OEHUTH BEPOSITHOCTH
TOT0, YTO YaCTOTa OPAKOBAHHBIX JIAMIIOUYEK B BBIOOPKE OTIMYaeTcs oT BepoaTtHocTH 0,02 MeHee yeM Ha
0,01.

Pewenue. Ilyctp k — uncio OpakoBaHHBIX JJaMIIO4eK B BbIOOpKe. HaM HYKHO OLIEHUTH BEPOSITHOCTD
BBITIOJTHEHUS] HEPAaBEHCTBA

L—(),02
1000

PU L—0,02

<0,01. OHo paBHOCHIIBLHO HepaBeHCTBY 11 < k<30 . CnenoBarenbHO

s <0,01J=P1000 (11<k<30) . Torza n=1000, k;=11, k,=30, p=0.02, q=0.98

npg =1000 - 0,02 - 0,98 = 19,6 , 4TO BNOJIHE MPUEMIIEMO.

P(11<k <30)= @(M) —@(M) — B(2.26) - D(-2.03) =

V19.6 V19.6

=®(2.26)-1+D(2.03) =0.9881-1+0.9788 = 0.9669
Pacnpenenenue Ilyaccona (cMm. [Tamarky)

Ipumep. Ilycte B cpemnem 3a 30 cyrok B ropojae OHcCke Bo3HHKaeT 60 curyanuii, TpeOyrommx
onepatuBHo BMemiarenbctBa MUC. Ha ckombKO BBI30BOB B CYTKHM JOJKHA OBITH paccyrTaHa DHCKas
ciyx6a MUC, 9To0bI ¢ BEpOSTHOCTHIO HEe MeHbIIIeH (.96 BrieXaTh Ha BCE TIOCTYNUBIINE BHI30BHI.
Pewenue. Ilycts cnyxba paccuntana Ha k 3aBOK B CyTKH, KOTOpO€ MOKa Hen3BecTHO. [Ipeanonoxum,
9TO M — AEUCTBUTEIHHOE YHCIIO MOCTYIHMBIIKNX 33 CYTKH BBI30BOB. Torna k Halinem u3 ycioBus
P(m=<k)>0.96. Cpennee uucno 3asBok 3a cytku A=60/30=2. Bocronp3yemcs popmynoii [Tyaccona

k Am
Pm<k)=e™ 27‘_' , 4TO0BI Mo100pats k.
m=0 111
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e{z+2+2+2+2+2Jz0.983:>k:5
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NJ13. Metroanuka [Tonos-A6nonckas. 3aganue 3, ctp. 64-66, 3aganue 4, ctp. 67-68.
Cpoxk cmaum 23:59 17.12.2021.




