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cI>e~oe 8reHTCTBO no 06p83oB8HHIO 

rOCYA8PC1'BeHHoe 06p830BaTeJlbHOe yqpe)l(,ZJ;eHHe 
BYCmero npoepeCCHOHaJIbHOrO 06p83oBBHIDI 

«camcr-nerep6yprcKHH rocy.napcmeHHF.di TeXHOJlOI1ACCm 
yHHBepCHI'CT paenrrensasrx nOJIHMepOB» 

PyKOBO,IJ;CTBO .'K peureamo 3an;aq reOpHH
 

BepOjITHOCTeif H
 
.., 

MaTeMaTlflleCKOH CTaTHCTHKH 
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-
Y;:U< 51(07.07) 

MaTeMaTHICa. PyxOBO,ltCTBO IC pemeHBIO 38,ll8'1 TeOpHH BepomOCTeA H 
MllTeMllTJI1IecICoA CTa'l1lCTHICH: Y'Ie6HO-MeTO,ltH'IecKoe noco6He/ COCT n.n. 
CMLUIIJIlIeB, E. A. THTOBa, H.K. lipLlKCeBKOBa, O.E. KyIDIXTHHa, EI.HBaHoBa, 
P.B.IIemoxOB; rOYBllO Cll6rTYPn ens, 2007:" 46 C. 

llin8.I'8IOTCJI OCHOBHIole nOJlOEeHHll Teopllll aeposmoctel H MaTeM8t'H'1e-
cEoA CTaTHCTHICIL Kmo'leBJ.IM DOHATHllM KYPC8 y,lteJIeRO oco6oe BRHMaHHe. Pac
cMOTpeHLI THDOBWe 38,lta'IR. PeKOMeamreTCJI ,WIJI cry,lteHTOB H HCCne,ltOBaTeJIeA 
rexmrsecxoro (TeXHOJJOI'H'lecICOro) npocl)HJIJl380'lHOro OT,lteneHHJI. 

PeQeR3eBT:	 388. Ka4le,lQ)OA lIpBKJI8,IJ;HoA HBLl"lHCJIHTeJlI>soA MaTeMllTHICH 
rOYBllO Cll6I'TYPll, ~-p TeXB. H8yK, npo4J. O.K.cIle,ltopoB 

llo,ZJ;J'OTOBneBOH peICOMeH.ztoBaRO IC ne'IaTH u4>e.ztpoA ~.M8TeMtmnal 

roYBno Camcr-IIerep6yprcKoro rocy,ltapCTBeBBoro1WBOJIOI'H'lecKOro YHH
BepCHTeTa pacnrrem.IIWX nOJIHMePOB (nporoma."" «16 M8pT8 2007 r.), 

YTBCp)K.zteso IC Jl3"ll;8BHIO MeTO.JnlllecICOA KOMHCcHeA 4laxynLTeT8 upoMHIII-. 
JleHHoA 3SepreTIIJCII roYBIIO Cll6ITYPn (npOTOKOJI N!! 8 OT 12JoWl 2007'r.). 

PeICoMeH,ltOB8BO K B3,ltaRHlO Pe,ltaKD:HoBHO-H3,lt8'reJThcJJIM COBeTOM YHH
BepCBTeTIl BKa'leCTBe yqe6HQ-MeTO,ltH'ICCxoro Doc06u. 

Pe,ltlUCTOp H KOppCJCTOp T. A.CMHpBOBa 
TeXB.pe,ltaK'l'Op JIJl.1irroBa 

PH3orpa4l rOYBllO tamcr-I1eTep6yprcKOro rocyaapcrseasoro TeXHOJIOI"Jl'Ie

CEOro y&HBepCBTeTIl p&Cnrrem.BIaIX nOJIHMepoB, 198095, Caaxr-Ilerepdypr, yJL
 
HaaHa l{epRWX, 4. 

e 

C 

rovsno ~yprcICd 
rocy)lapCTBeJlHlalil TeXHOJIol'H"lecul 
yaasepcarer pacrarensasrx DOJDI

MepoB ,2007 
nn. CMLImJIJleB, B.A. THTOBa, H.K. 

lipmceBKoBa, O.E.· KyIDlX11lBll, 

BI.HBaHoBa, PJUlemoxoB, 2007 
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Bseneaue 

B npaKTK'leCKOH ~eHTeJIbHOCTIi MbI BCTPeqaeMCH C Pa3JIHqHbIMIi lI:BJIe

HHJIMH, H3 KOTOpblX MO)l(HO BbI,IleJIHTb ztse 60JIbWHe rpynrna lI:BJIeHHH - .aerepna

HHpOBaHHbIe Ii cnysaaasre. K nepsoa rpynne OTHOClI:TClI: C06bITHH, HCXO~ KOTO

psrx MbI MO)l(eM sapaaee rrpencxaaars, a KO BTOPOH - C06bITHJI, HCXO~ KOTOpbIX 

sapanee npeacxasars HeB03MO)!(HO (nanpaaep, HOMep ssrarpsanaoro JIOTepeHHO

ro 6HJIeTa). 

TeopHJI BepOll:THOCTeH 3aHHMaeTClI: MaTeMaTWIeCKHM onacaaaesr CJIyqail:

HbIX lIBJIeHHH. EbInO 3aMeqeHO, 'ITO O,llHH cnyaaiiasre Co6bITHJI npOHCXOMT fionee 

xacro, qeM ztpyrae. KOJIHqeCTBeHHalI XapaKTepHCTHKa qaCTOTbI HaCTynJIeHHH 

CJIYqaHHOrO C06bITHJI, ssrpaacenaas B ,llOJIlIX e,llHHHUbI, Ha3bIBaeTClI: BepOllTHOCTbIO 

C06bITlHI. qeM 6JIH)I(e Bep0ll:THOCTb K enanane, TeM 'lame npOHCXO.L\HT Ha6mo

naesioe cnyxaihroe cofisrrae, H naofiopor, eCJIH Bep0ll:THOCTb 6JIH3Ka K HYJIIO, TO 

Ha6mo,llaeMOe Co6hITHe npOHCXO,llHT CpaBHHTeJIbHO peznco. 

OCHOBHOH MaTeMaTHqeCKOH MO,lleJIbIO TeopHH BepOliTHOCTeH lIBJIlIeTClI: 

TeopeTHKO-BepOll:THOCTHblH 3KcnepHMeHT (OlIbIT, HClIbITaHHe), B passxax xoroporo 

npOHcxOMT onpenenenaae CJIyqaHHble C06bITHJI. MaTeMaTHqeCKHH aHaJIH3 3THX 

C06blTHH H COCTaBJIlI:eT npe.L\MeTTeOpHH BepOll:THOCTeH. 
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1. OCHOBHblC nOHHTUH TCOpUU BCPOHTHOCTeii: 

1.1. OCHOBHhle KOM6HHaTOpHble nOHBTHB 

Ha6mo,l:\aeMble HaMH C06b1THlI MO)l(HO noztpaaaenan, Ha cne,!()'loIQHX TPlI 

sana : ,l:\OCTOBepHble, HeB03MO)l(Hble H CJI)"faHHble. 

C06blTIDI Ha3b1BaeTClI cnyqaHHblM, eCJIH OHO MO)l(eT nH60 npoH30HTH, JIH

60 He npoasoarn. Hanpmrep, npa 6pOCaHHH HrpanbHOH KOCTH MO)KeT nsmacrs 

mecrepxa, JIH60 KaKoe-TO zrpyroe KOJIHtIeCTBO OtIKOB (CJIe.llOBaTeJlbHO, IIIeCTepKa 

He asmaaer). 

C06J¥THe Ha3b1BaeTCg ,l:\OCTOBepHblM, ecJIH OHO scerna npOHCXO,l:\HT B 3KC

nepasreare. J];OCTOBepHoe C06bITHe npmUITO 0603HaqaTb 6yKBOH 1. Harrpmrep, 

eCJlH y sac aa nOJIKe CTOgT TOJIbKO yqe6HHIGI no MaTeMaTHKe, TO KaJ<YlO KHHry BbI 

He B03bMeTe, OHa OKaiKeTCg no 3TOH ,l:\HCUHnnHHe. COOTBeTCTBeHHO, B3XTb yqe6

HHK no MaTeMaTHKe - ,l:\OCTOBepHoe cofisrrae, nOCKOJIbKY ztpyrax BapHaHTOB y sac 

HeT. 

C06LITHe aaasrsaercs HeB03MO)l(HbIM, eCJlH OHO HIfKOr,l:\a He npOIfCXO,l:\HT 

B axcnepmreare. HeB03MOiKHoe C06bITHe 0603HaQaeTCx CHMBOiIoM 0. Harrpa

Mep, BbITlUUHTb xpacHblH map H3 Kop06KH C 3eneHLIMH gBIDleTCg HeB03MO)KHbIM 

C06:&ITHeM. 

CYMMOH C06b1THH ARB Ha3bIBaeTCg raxoe C06b1Tlfe, xoropoe COCTOHT 

B TOM, 'qTO rrpORCXO,l:\RT XOTg 6:&1 O,l:\HO1f3 C06bITHH A If B (npn 3TOM He HCKJllOtIa

ercs B03MO)KI{OCTb nacrynneaaa 060HX C06b1T1f1i:). CYMMy C06bITlfH A If B sa

rracsraaror A+B, H reOMeTPHtIeCKH OHa noxasaaa aa pRC. 1.1 IIITpHXOBKOH. 

[ff) I'~I 
PRC. 1.1 

PRc.l.2 

I1poH3Be,l:\eHHeM C06LITlfH A H B HaJblBaeTClI raxoe C06b1THe, KOTOpoe 

COCTOHT B TOM, lITO rrpOHCXO,lVIT 06a C06bITlfg. 0603HatIalOT npOH3Be,l:\eHHe C06bI

4 

THH A If B CJIe):lylOIII;HM 06paJOM: A· B , na pRC. 1.2OHO BnmeJIeHO IIITpHXOB

KOH. 

C06bITHe HaJblBaeTCX nporaaonorrozorsna c06b1TH1O A, ecna OHO 3aKJIio

saercs B TOM, lITO 'c06b1THe A He aacrynano. Ilporasononozcaoe C06bITHe 060

aaasaercs KaK A (PHC. 1.3). 

t:·0;·····~······1 18~1 
PRC. 1.3 PHC. 1.4 

C06b1TIDI A H B HaJblBaIOTClI HeCOBMeCTHbIMR ecrra ax npoasseneaae 

- HeB03MO:>KHOe C06bITHe (pHC. 1.4). 

,l{JUl onepauaa CJIO)l(eHRX If YMHO)l(eHIDI y):\06HO acnorrsaosars cnenyto

lIJ,He COOTHomeHIDI: 

1.A + A = 1; 5. A . A = 0 ; 9.A+B=A·B;f 
II 

2.A+A = A; 6.A·A = A; 10. A .B = A + B ; (1.1) 

-
3. A+0=A; 7. A ·0 = 0; 11. A=A. 

4.A +1 =1; 8. A·J == A. 

PaccMOTpHM HeCKOJI:&KO npauepoa 

3aJla'l8 1.1. Onsrr COCTOHT B 6pocaHHIf ):\BYX MOHeT. Onpenemrrs npora

BOnOJIO)l(Hble):\JUI CJIe1O'lOIII;HX C06b1THH: 1- BbIIIa,neHHe ,l:\BYX opJIOB;2- Bblna,l:leHHe 

opna H pemKH; 3- asmaneaae XOTX 6bI O,l:\HOrO opna, 

Peuienue. 

1. C06bITlfe - ssmaneaae ,l:\BYX OpJIOB - He sacrymrr, eCJlH npa 6poca

HHH nOlilBHTCX XOTli 6b1 O):\Ha peurxa. 
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2. Co6hITHe - BbII18.):{eHH" oprra H peUIICH _ He aacrynar, eCJIH ssmazryr 

JIH60 ,nBa opna, JIH60 nse pemxa, 

3. Co6bITHe - ssmaneaae XOnI 6bI oztaoro OpJIa _ He npOH30H,neT,ecnn 

asmanyr ztse peWKH. 

3a,naqa 1.2. .n;Ba CTpeJIKa rrpOH3BO,nJIT aann rro MHlIIeHH. 0603HaqHM se

pea Ai Co6bITHe, 3aKJIIOQalOIIIeeCH B TOM, 'ITO i-H CTpenOK rrOpa3HJI MHweHb. Bsr

pasars C rrOMOIIIblO onepauaa H8.):{ C06hITH"MH A I H A2 cne,nylOIIIwe C06bITH": 

1) MHWCHb nopasceaa.Z) B MHweHb nenana TOJIbKO ozraa rrynH;3) MIfweHb He no

pa)l(eHa;4) B MlfweHb nonano zrse nYJIIf; 5) npoxaxnyncs BTOpOH CTpenOK. 

Peusenue. 

1. ECJIH MHweHb nopasceaa, TO B Hee nonan XOTJI 6bI O,nHH CTpeJIOK, no

3TOMY HCKOMoe C06bITHe paDHO A I + A2. T. e. npoacxonar JIH60 c06hITHe A I, 

JIH60 C06I>ITHe A2, JIH60 06a onnoapeaemro. 

2. C06hITIDI A I H A2 COOTBeTCTBy!oT rrorra,namlJlM CTpeJIKOB no MHIlle-

HH, a C06bITIfJl AI H ~ - npoxaxasa. ECJIH B MHweHb nenana TOJIbKO onaa nYJIJl, 

TO TaKaJI CHTYauHJI B03MO)l(Ha, xorna nepssra CTpeJIOK norran, a BTOPOH - rrpo-

MaxHyJICJI (C06bITHe A I A2 )HJIH xorna rrepBbIH CTpenOK npOMaxHyJICJI, a BTO

POH - nonan (cofisrrae AI A2 ). ll03TOMY IfCKOMoe C06bITHe ecrs cyMMa 3TI1Xco

6hITHH AIAZ +~A2. 

3. ECJIH MHweHb He nopaxeaa, TO nposraxayrracs 06a crpenxa, cneno. 

BaTeJIbHO, HCKOMoec06hITHe JlBJIJleTCJI rrpoH3Be,neHHeM Al . A2 . 

4. Ecnn B MlfweHb nonano ase nyna, TO 06a cTpenKa rrOpa3HJIH MH

weHb, rr03TOMY HCKOMoe cofisrrae paBHO Al . A2 . 

5. C06hITHe - npoxaxnyncs BTOPOH cTpeJIOK - npOTHBOnOJIO)l(HO c06.h1_ 

TIlIO A2, CJIe,nOBaTenbHO, 3TO C06bITHe paDRO ~ . 

6 

II 

l
II 

I 

.D;nJl pemeaas MHorHX saztax reopaa BepOJITHOCTeH Tpe6yeTcJI noncsarars 

qHCnO finaronpaarnsrx HCXO,nOB, r.e, 'rex C06bITHH, BepOJITHOCTb KOTOphIX aeofi

XO,nHMO orrpenenars. 3TOT rro,nCqeT MO)l(HO ynpocrars, lfCrrOJIb3YJl rrpOCTeHWHe 

KOM6HHaTopHhIe q,OpMyJIhI. 

Paccaorpasr MHO)l(eCTBO, COCTOJlIL\ee If3 n 3JIeMeHTOB a), a2, ..., an.BbI6H

paesr k 3JIeMeHTOB (k $ n). I'pynna H3 3THX k 3JIeMeHTOB Ha3bIBaeTCJI coeaaae

HIDIMH H3 n rro k HJIHBhI60pKaMH k 3JIeMeHTOB H3 n 3JIeMeHTOB. 

Pa3JIJiqaIOT ,nBa BH,nacoenaaeaaa: COqeTaHHJI H pa3MeII\eHIDI. 

COqeTaHIDI - 3TO TaKHe coenaaeaas, xoropsre OTJIJiqalOTCjJ ztpyrOTnpyra 

TOJlbKO COCTaDOM 3JleMeHTOB. 

Pa3MeIL\eHIDI - 3TO Tame Coe,nHHeHIDI, xoropsre OTJIMaIOTCJI ,npyr OT 
'1 

npyra KaK COCTaBOM 3JIeMeHTOB, TaK H nopanxou HX CJIe,nOBaHIDI. 

qHCJIO Pa3JIHqHbIX COqeTaHHH H3 n rro k 0603HaqaeTCJI C~ H paDHO: 

n! 
Cn = k!(n - k)! 

k _. 

k 
a 'IRCJIO PaJJIHqHbIX paJMeIIIeHHH H3 n no k 0603HaqaeTCJI An H paDHO ; 

Ak _ n! 
--~--n -
(n -k)! 

3lmaqa 1.3. KamM KOJIHqeCTBOM PaJJIMHldX cnocofios MO)l(HOnocaznrn, 

,nayx naccaacapos B IIJITHBaroHHyro 3JIeKTJ'H'lKY TaK, qTo6bI OHH He CH,neJIH B on-

HOM aaroae. 

Peusenue. Ilocanxa zrsyx naccaxapos B pasasre BarOHbI JlBJIJleTCJI, rro cy

IL\eCTBY, BbI60pKOH nsyx saroaon H3 IIJITH. 3Ta BbI60pKa JlBJUIeTCJI ynopsnosea

HOH, rrOCKOJIbKY nocanxa nepsoro naccaxapa B i-H BarOH, a sroporo - Bj-H BarOH 

OTJIHqaeTCjJ OT nocaaxa nepnoro naccaaorpa Bj-H BarOH, a sroporo B i-H. ll03TO

MY ,naHHaJI BbI60pKa ecrs paJMeIL\eHHe H3 5 no 2. CJIe,noBaTeJIbHO, qHCJIO pas

JIIf'IHbIX nocaaox PaDHO: 

7 
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2 51
AS - -::::: 3 . 4 . 5 ::::: 60 . - 2! 

3aJl:aqa 1.4. KaKHM KOJIHl.{eCTBOM PCl3JIH'IHbIX cUOC060B MOlKHO Bbl6paTb 

H3 ypnsr, CO.ll:eplKaIlIeH nars 6eJIbIX H TpH l.{epHblX mapa, .JJ:Ba mapa O.JJ:HOro usera. 

Petaenue. C06b1TMe - BbI60p nsyx urapos ozmoro I1BeTa _ HBJUleTCH cyM

Moii .JJ:Byx C06bITMM: Bbl60p JlBYX mapos fienoro I1BeTa If Bbl60p .JJ:Byx rrrapos l.{ep

noro I1BeTa. 0603Hal.{MM l.{HCJIO 6JIarOrrpMHTHbIX .JJ:JIjI 3THX C06bITHH HCX0.JJ:0B xepea 

ml a mi COOTBeTCTBeHHO. TOI'.JJ:a 06lIIee l.{HCJIOpCl3JIHqHblX BbI60pOK O.JJ:HoIlBeTHbIX 

mapos m = m, + m2· HaMeM 3Hal.{eHHH m, H mz: Bbl60pKa nrapon omroro usera 

HBJUleTCH aeyrropaaosenaoti, IIOCKOJIbKY Hac MHTepeCYeT TOJIbKO COCTaB Bbl60pKH. 

Il03TOMY l.{MCJIa mJ M m: HaxO.JJ:flCH rro lPOPMYJIe 'IMCJIa COl.{eTaHMH. IaK KaK 6e

JIble mapsr BbI6MPaIOTCjI TOJIbKO H3 6eJIbIX, a l.{epHLIe TOJIbKO H3 4:epHLIX, TO HMeeM 1 
2 5!
 

"': = Cs == 2!.3! == 10
 

M ~ 
2 3! 

m2 == C3 l!'2' == 3. 

B arore U0JIY4:HM 

m=10+3=13. 

1.2. BepoHTHoCTb C06I>JTUH 

AHaJIM3 cJIY4:aHHbIx C06blTMH rrosassrsaer, l.{TO oaaa C06bITHH IIpOMCXO

MT 60JIee 'IacTO, 'IeM .ll:pyrue. KOJIJI'IeCTBeHHRjj, Mepa, xapaKTepH3Y1OIIIaH xacrory 

rrOjlBJTeHlUI C06LITIUI H BbIpaJKeHHaH B .ll:0JUlX e.JJ:HHMIIbI, HCl3bIBaeTCjI sepoarrro

CTblO CJIyqaHHOrO C06bITHH. qeM 6JIMlKe K e.ll:HHHIIe BepOjlTHOCTb C06LITWI, TeM 

same OHO HacrynaeT B IfCllbITaHHHX, H, Ha060pOT, 'IeM 6JIH)f(e K uyJIIO sepoar

8 

I 

t, 

ROCTI> CJIyqaHHOro C06bITHH, TeM peace OHO nacryrraer B TeopeUIKO

BepoHTHOCTHOM sxcnepaverrre. ECJIH BepOHTHOCTb C06blTlfH paaaa ezmaaue, TO ;II! 
:)TO osaaxaer, l.{TO C06LITHe HaCTYIIaeT rrpaxrasecxa scerna B 3KCIIepIlMeHTe, a 

I 
eCUIl OHa panna HyJIlO, TO c06bITHe npaKTHl.{eCKH aaxoraa He nacrynaer B HeM. I 

BepOHTHOCTb C06bITHH A 0603HaqalOT peA). I 
I 

BepOHTHOCTb 06JIa.JJ:aeT CJIe.ll:YIOIIIMMM CBoMcTBaMM: Ii 
- BepOHTHOCTb C06bITHH peA) He MeHbme Hy.1Ul H He 60Jlbrne e.JJ:HHHI.{bI 

" I 
I III ' 

05; peA) s 1; 
, ~ 

II - BepOHTHOCTb .JJ:OCTOBepHoro C06bITHH P(I) panna e.JJ:HHHue I"

P(I) == 1; 

- BepOHTHOCTb CYMMbI zmyx HeCOBMeCTHbIX C06bITHii: A H 

POHTHOCTeH 3THX C06bITHH, 

PtA +B) = peA) +PCB) . 

3TH CBOHCTBa ,BepoHTHoCTH HBJTjjJOTCH aKCHOMaMH. 

mae CJIe.ll:CTBHH 3THX &KClIOM: 

- BepoHTHoCTb HeB03MOlKHoro C06bITHH pasna HyJIIO 

P(0) == 0; 

_ BepOHTHOCTb llpoTHBOnOJIOJKHOrO C06bITHH pasna Pa3HOCTH MelK.JJ:Y etlHHlIlleH H 

BepOHTHOCTblO HCXO,llHorO C06bITHH 

P(A) = 1- P(A); 

_ ecJIH C06bITHe A BJIel.{i!T C06bITHe B, TO BepOHTHOCTb C06b1THH A He IIpeBOCXO

nar BepOHTHOCTH C06bITHH B : 

peA) s P(B). 

,llJIH onpe.JJ:eJIeHHH BepOflHOCTH C06bITHH A paCCMOTpHM nozrpofiaee co

6bITHJI, xoropsre IIpOHCXO.ll:JlT B axcnepasreare. J1xMOJKHO P8.36HTb aa .JJ:Ba xnacca: 

IIpOCThIe (3JIeMeHTapHhIe) C06bITHH H CJIOJKHble (cocraansre) C06bITMH. 

9 

II!! 
I III 

B paana cyMMe Be

IlpllBe.JJ:eM BalKHeii- I 
I 
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3JIeMeHTapHbIM C06bITHeM HJIH HCXO.nOM R83LlBaerCh raxoe co6blTHe, KO

ropoe lJ)IJl JII060ro C06bITHX A paccMaTpHBaeMoro axcrrepmretrra HaXO.[(HTCX B 

OP;HOM H3 P;Byx OTHoIIIeHHH: JIH60 OHO srreser C06hlTHe A, JIH60 OHO BJleqeT npo-

THBOrrOJIOJKHOe C06bITHe A. yl3 onpeaeneaas :meMeHTapHoro C06blTWI CJIe.nyeT, 

'ITO OHO He MOJKeT 6blTb CyMMOH p;pyrax C06bITHH Hamero 3KcrrepHMeHTa, a 

CJIOJKHOe cofisrrae A ecrs cyMMa acex 3JIeMeHTapHbIX C06bITHH, xoropsre XBJIX

IOTCX qaCTHblMH CrryqaxMH A. COBOKynHOCTb 3JIeMeHTapHblX C06blTHH aasusaer-

CII rrpocrpaacraosr 3JIeMeHTapHblX C06blTHH. OHO 0603HaqaeTCIl 6yKBOH n, a 

anexrearapaere C06bITHX, axonsnrae B Hero, 0603HaqWOTCX Ol1' 012 , ••• , Olo , •••. 

Ecna qHCJIO 3JIeMeHTapHblX C06bITHH B sxcnepnsrenre KOHeqHO, TO TaKOH sxcrre

pHMeHT HaJblBaeTCX KOHeqHblM. 

,!VIx KOHelJHbIX 3KcrrepHMeHTOB BepoXTHOCTb C06blTHX A onpenensercs 

<POpMyJIOH 

P(A)== I P(OJ (1.2)k) , 
(J)k EA 

rae CyMMHpoBaHHe senerca rro BceM 3JIeMeHTapRbIM C06blTHXM, XBJIXIOIIlHMCX xa

CTHbIMH CrryqaxMH C06bITHX A (r.e. BJIeKYliUIMH A). 

IIpHMep. Ha ypasr, B KOTOpOR MTb 6eJIblX urapos H rpa qepHbIX, BblHH

MaeTCX map, ):(mr aroro sxcnepaaeara 3JIeMeHTapHbIM C06bITHeM XBJIXeTCX BbI

60pKa KaKOrO-TO mapa. Bcero B 3TOM axcnepaaeare socevs 3JIeMeHTapHbIX co

6bITHR. CJIOJKHbIMH C06bITHXMH snecs 6y.nyT: Bbl60pKa 6eJIoro mapa H BbI60pKa 

qepHOrO mapa, rrOCKOJIbKY OHH XBJIXIOTCX CyMMOH, COOTBeTCTBeHHO, MTH H rpex 

3JIeMeHTapHblX C06bITHH. 

Ecna snexrerrrapasre C06biTHX paBHOB03MO:JKHbI, TO <popMyJIa (1.2) MOJKeT 

6mb 3aJIHcaHa CJIe.nyroIIlHM 06paJOM: 

prAY == l!!n, (1.3) 

10 

rae m - qHCJIO 6JIaronpHXTHbIX HCXO,LlOB (3JIeMeHTapHbIX C06bITHH, BJIeK)'mHX CO

6bITHe A), n - ofintee tfHCJIO HCXO,LlOB (3JIeMeHTapHbIx C06bITHH). 

<I>opMyJIa (1.3) asrpaxaer TaK aaasraaeaoe KJIaCcHqeCKOe onpeneneaae 

sepoaraocra, cornacno KOTOpOMy BepORTHOCTb C06bITHH A ecrs OTHOIIIeHHe 

6JIarorrpHXTHoro qHCJIa HCXO,LlOB K 06IIleMy qHCJIy HCXOP;OBsxcnepaaeara. 

3all:aqa 1.5. B XIIlHKe HaxOMTCli 3 3eJIeHblX, 2 :JKeJITbIX H 5 6eJIbIX urapos, 

KaKOBa sepoarnocrs roro, 'ITO CJIY'faHHbIM 06paJOM BblTxayTblH map OKaJKeTCX 

3eJIeHbIM? 

Petueuue. 06IIlee KOJIH'ieCTBO HCXO,LlOB coOTBeTCTByeT 06IIleMY KOJIH"leCTBy 

nrapos. CJIep;OBaTeJIbHO, n =10. EJIarOrrpHllTHblMHCXO,LlOM XBJllIeTCX BbITlIHYTblH 

3eJIeHbIH wap. TaKOM 06paJOM, nonysaev, 'ITO m =3. ITo onpenenenaro seposr

HOCTH C06bITHX: 

ffi_2-=O.3P(A)=n-10 

3all:aqa 1.6. Brrrapraa H3 ,LleCXTH ,LleTaJIeH rpa ,LleTaJIH fipaxoaaamae. l13 

napraa Bbl6HpaIOTCH rpa ,LleTaJIH. KaKOBa seposrnocrs roro, qTO,LlBe H3 HHX 6y

zryr CTaH,LlapTHbIMH, a O,LlHa 6paKOBaHHoa? 

Petuenue. 0603HaqHM xepea A C06bITHe - nse nerana crannapnrsre, a 

O,L(Ha 6paKoBaHHax. 06IIlee KOJIH'leCTBO HCXOP;OB n paBHO qHCJIy COqeraHHH C(o, 

rrOCKOJIbKY lJ)IJl namea Bbl60PKH BaJKeH TOJIbKO COCTaB 3JIeMeHTOB. '1HCJIO 6JIaro

npHRTHblX HCXO,LlOB m paBHO npoH3Bep;eHHIO qHCJIa cnocofios Bbl60pa ,LlBYX CTaH

,LlapTHbIX ,LleTaJIeH H3 ceMH C; aa qHCJIO crrocofioa BbI60pa OP;HOH ,Lle<peKTHOH H3 

.. C1 0rpex 3 . KOaqaTeJIbHO rronysaesc 

C2cl 7"3! 10!m 7 3 = . 
P(A) = 11 = -3- 2!'5!'1!'2! 3!'7!C

IO 
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3alla'la 1.7.113 xononu xapr B 36 JIHCTOB BhI6HPaIOTC1I TpU KapTbI. Kaxo

sa Bep01lTHOCTh TOrO, 'ITO zrae H3 HHX 6yllYT 0llHoH MaCTH, a onaa _,npyroH. 

Petueuue. 0603Ha'lHM HCKOMyl<> BepOllTHOCTh sepes P. B xonone xapr 

xerupe MaCTH - llHKU, rpednr, 6y6Hhl H xepaa, a B KaJk,noH MaCTH,neBHTb xapr. 

Ofiuree qUCJIO PaJJIHqHhIX BhI60pOK rpex KapT H3 Kono,nhI BhlqHCll1IeTCH no q>op

MyJIe qucna COqeTaHHH (BhI60pKa neynopszroseanaa) 

n = C3 = 36!
36 3!'33! = 7140 

,lV!H noncxera finarorrpaxrasrx HCXO,nOB m 3aMeTHM, 'iTO nponecc BhI60pa 

xapr MO)l(HO. npencrasars B BH,ne nsyx 3TarrOB. Csaxana BhI6HPaIOTCll ,nae MacTH 

(nepasra erarr), a 3aTeM BhI6HPaIOTCll xaprsr H3 3THX MaCTeR: (BTOpOR: nan). lIHcno 

paJnH'IHhIX BhI60pOK zrsyx MaCTeH H3 sersrpex BhI'lHCAAeTC1I no <popMyne '1HCna 

paJMemeHHH, TaK KaK qHCnO xapr nepsoii MaCHI He paBHO '1RCny xapr nropoit 

MaCTH. .n;eliCTBUTeJIhHO, Ha60phI xapr (+;+;+) R (+;+;+) 6yllYT paanasaa, XOTH 

BhI6paHhI o,nHHaKOBhIe MaCTR. 

Korzra MaCTH B:hI6paHhI, TO 'lRCnO Pa3JIH'lHhlX BhI60pOK xapr 3THX MaCTeR: 

paBHO '1RCny B:hI60pOK xapr nepsoii MaCTH, YMHOJKeHHOMy ua '1RCnO BhI6opOK 

KaPT BTOPOR: MaCTH. Ilocxonsxy anecs He Ba)I(eH nopsnox BhI60pa, TO 3TH '1MCJIa 

aaxonarcs no <popMyJIe '1HCna coserasaa. TaKHM 06paJOM, 'lHcno 6naronpRllT

HhIX HCXO,nOB m paBHO: 

2 2 1 4! 9! 9! 
m =A4 C9 C9 =2! . 2!.7!' U.8! =3888 

CJIe,nOBaTeJIhHO, BepmlTHOCTh Bhl60pa ztsyx xapr O,nHOH MaCTH H O,llHOH 

xaprsr .!lPyroH MaCTH pasna: 

P ~ '!!:.- 3888 
n = 7140 ::::: 0,545 

12 

1: 
1 

2. OCHoBHLle 4»opMyJlLl 'reopna nepoaraocrea 

2.1. «I»OpMyJlbI CJIO)KeUHH H YMHO)KeHHH sepoaraecrea 

,D;ll1I mo6hlX ztsyx C06hITHH ARB sepoaraocrs RX CYMMhlpasaa: 

P(A+B)=P(A)+P(B)-P(AB). (2.1) 

3Ta <popMyna Ha3hIBaeTC1I <popMynOH CnOJKeHHH seposraocreji, OHa 

0606maeT axcaosry CJIOJKeHHH seposrnocreit, c<popMynHpOBaHH)'lO B n. 1.1 WIll 

HeCOBMeCTHhlX C06hITRH. Cnezryer OTMeTRTh, 'ITO ecna C06:hITWI A H B He3aBR

CHMbI,TO<popMyJIa (2.1) npioaer BR,ll (2. 2): 

PtA + B) = peA) + PCB) . (2.2) 

Bo MHornx cnysasx npRXO,llHTCH onpeaensrs Bep01lTHOCTb C06hiTWI, KO

raa R3BeCTHO, 'ITO zrpyroe C06hITHe npOH30IllJIO. Bep01lTHOCTh C06hITHll A, Bhl

'1HCJIeHHalI npa yCJIOBHH, 'ITO C06hITHe B nacrynano, nassraaerca yCJIOBHOH Be

POlITHOCThlO C06hITWI A OTHOCRTenhHO C06hITHH B H 0603Ha'iaeTCll P(AIB). Yc

nOBHa1I Bep01lTHOCTh onpezrensercs no q>opMyne 

P(AB) 
peA IB) 

PCB) 
(2.3) 

. IlpRBe,lleM ente O,nHO onpezieneaae He3aBHCHMOCTH Co6hITHH. C06hITHll 

A H B HaJhIBaIOTCll He3aBHCHMbIMR, ecnn BepOHTHOCTh nacrynnenaa onnoro H3 

HHX He 3aBHCHT OTaacrynneaaa npyroro, TOecrs 

peA IB) =peA) 

M 

PCB IA) =P(B) . 

Hs <pOPMyJIhI (2.3) cneztyer <popMYna BhI'lHCneHWI BepOllTHOCTR npOH3Be

,lleHHHC06hITHH ARB: 

13 
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P(AB) = peA IB) P(B), (2.4) 

KOTOpIDI HMbIBaeTCR rpOPMYJIOH )'MHO)l(eHIDI BepORTHOCTeH. )Ln.R He3aBHCHMbIX 

Co6bITHif A H B OHa npHHHMaeT 60JIee npocroa BH,l\: 

P(AB) = P(A)P(B) . (2.5) 

PaCCMOTPHM 3a,lJ.aQH, npa peurenaa KOTOpbIX HCrrOJIL3)'lOTcR $OPMYJIbI 

CJIO)l(eHIHI H YMHO)l(eHHR aepoaraocrefi. 

33,lJ.3'13 2.1. ):{Ba CTpeJIKa nopascaior MHIIIeHb C BepORTHOCTblO 0,6 H 0,8 

COOTBeTCTBeHHO. OHH rrpOH3BeJIH 3aJIn rro MHiliemf. Tpefiyercs onpertenars sepo

RTHOCTb roro, 'ITO MHilielib 6Y,lJ.eTrropasceaa. 

Peuienue. 

Crroco6 1. 0603HaqHM sepea Al H A2 - nonanaaae B MHmeHb nepsax 

H BTOPbIM CTPeJIKaMH COOTBeTCTBeHHO, a sepes B - nopaxeuae MHmeHH. MH

ureas 6Y,lJ.eT nopascena, eCJIH B nee nonazter XOTR 6bI O,lJ.HH CTpeJIOK, rr03TOMY co

6bITHe B paBHOCliJIbHO C)'MMe Al + A2 · Torna, y'lHTbIBIDI rpOPMYJIbI CJIO)l(e-

HHlI Ii YMHO)l(emHI BepoRTHocTeif, a TaK)I(e TO, 'ITO C06bITHR A I H A2 He3aBHCH

MbI (MeTKocTb - aro sayrpeaaee CBOHCTBOcTPeJIKa), rroJIy'lHM 

PCB) = P(AI + A2 ) = P(AI ) + P(A2 ) - P(AI )P(A2 ) == 

= 0,6 + 0,8 - 0,6 . 0,8 = 0,92. 

Crroc06 2. C06h1THe - MHllIeHb rrOpa)l(eHa - npoTHBOrrOJIO)l(HO C06bITHlO 

o6a cTPeJIKa npouaxaynacs. 1103ToMY 

PCB) = 1- PCB) = 1 - peAl A2) = = 1- 0,4 ·0,2 = 0,92.1- P(A I)P(A2) 

33,lJ.3'13 2.2. 1-13 KOJIO,lJ.hI xapr B 36 JIHCTOB rrOCJIe,lJ.OBaTeJIbHO BbI6HpalOTCR 

ase xaprsr, l1epBIDI BbI6paHHIDI xapra OKMaJIaCb KpacHoH MaCTH. Onpenenars 

BepORTHOCTb roro, 'ITO H BTOpIDI xapra 6YlleT KpaCHOH MaCTH. 

Peiuenue. Ilycrs A H B - nOllBJIeHHe xaprsr xpacaoti MaCTH npa rrep

BOH Ii BTOPOH BbI60pKax COOTBeTCTBeHHO. B KOJIO,lJ.e 18 xapr xpacsoa MaCTH H 18 

14 

f
 

.~ 
{f 

i. 
.............
 

sapr sepsoa Macrn. TaK KaK npa nepaoa BbI60pKe rrpOH30mJIO c06bITHe A, TO CO


CTaB KOJIO,lJ.hI H3MeHHJICR: B KOJIO,lJ.e CTaJIO 17 xapr KpaCHOH MaCTH H 18 xapr 'Iep


HOH. BbNHCJIRR PCB IA) KaK OTHOIIIeHHe 6JIarorrpHRTHoro 'IHCJIa HCXO,lJ.OB K 06


mesry, rroJIy'lHM
 

17 
PCB IA)= 35 . 

33,lJ.3'18 2.3. B ypae 3 6eJIbIX H 5 QepHbIX mapos; H3 ypasr nOCJIe,lJ.OBa

TeJIbHO BhlHYJIH ,lJ.Ba nrapa, xoropsre OKMaJIHCb pMHOI.{BeTHbIMH. KaKOBa seposr

HOCTb, 'ITO nepssra 6bIJI BbIHYT 6eJIbIH IIIap? 

Peuienue. BBe,lJ.eM 0603HaqeHHR ,lJ.JIR CO"6bITOH:
 

Ai - rrORBJIeHHe fienoro mapa rrpH i-if Bbl60pKe;
 

B, - rrORBJIeHHe QepHoro mapa npa i-H BbI60pKe;
 

C- BbIHyTbI p33HOI.{BeTHbIe mapsr.
 

!B sanase 'rpefiyercs HaihH peA I tC), rr03TOMY, HCXO)1)I 03 onpeneneaaa 

yCJIOBHOH BepORTHOCTH, onpenenax P(C) H peAC). 

C06bITHe - BbI60pKa pMHOI.{BeTHIdX mapOB - eCTb cyMMa ,lJ.Byx HeCOBMe

CTHbIX C06bITHH: rrepBbIH BbIHYTbIH map 6eJIbIH, a BTOPOH - qepHbIH; nepasnt BbI

HYThlH map qepHbIH, a BTOPOH - 6eJIbIH.1103ToMY 

P(C) = P(AIB2 ) + P(B jA2 ) . 

lli nora paBeHCTBa, y'lHTbIBaR rpOPMYJlY )'MHO)l(eHHR seposraccrea (2.4), 

. rroJIyqHM 

P(C) = P(B 2 / Aj)P(AI) + P(A 2 / Br)P(B1) . 

110 yCJIOBHlO B ypne 3 6eJIbIX H 5 qepHIdX urapos, a HX ofimee qHCJIO pas

HO 8. Bepo~THoCTH C06bITHH A I H B1 onpenenaex KaK OTHOIIIeHHe 6JIarOrrpHRT

noro qHCJIa HCXO,lJ.OB K 06m;eMY: 

P(Aj ) = "8
3 
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- -

II 

H 

5 
P(Bl ) = g. 

ECJIH npOH30IlIJIO C06hITHe A I HJIH B I, TO COCTaB urapoa B ypne H3MeHHJl


CH. YCJlOBHhIe BepOHTHOCTH C06hITHH B2 H A2 HaxO):lHM aHaJJorlfllHO:
 

p(B2 IA1) = '7
5 

3p(A2 1 B1) =7' 
!I 

IIO):lCTaBJUlH nonyseaaue 3HatleHHH, BhItlHCJlHM BepOHTHOCThC06hITHH C: 

5 3 3 ~ _ 15 (P( C) = 7.8+ 7 .8 - 28 . 

)l;rHI 'roro, '1To6hI orrpenemrrs BepOHTHOCTh PiA1C), 3aMeTHM, 'ITO C06hI

THH A I II C rrpOHCXO):lHT COBMeCTHO TOJIhKO B TOM cnysae, xorzta npOHCXO):lHTCO

6hlTHe B2• 3TO 03HaQaeT, 'fTO 

~C==AB2 

H,CJle):lOBaTeJIhHO, 

P(AIC) = P(Al B2) =P(B2/A1)P(A 1). 

BepOHTHOCTHP(B 2 / AI) H peAJ)6hillH BhItlHCJIeHhI paaee, nosrosry 

5 3 15 
P(AI C) =7' 8 = 56 

H, OKOHtlaTeJlhHO, 

16 

15.12=1 .
P(~ IC)= 56' 28 2 

B ):IaHHOM npauepe BepOJlTHOCThP(C) MO)I(HOonpenenars rrponre: KaK oraoine-

HHe finaronpaaraoro 'fHCna HCXO):lOB K 06w:eMy: 

1 1 
C ·C 3·5 15P(C) = 3 5 ---

28 28Cg 

3aAaIJa 2.4. ,I:VuI CHrHaJIRJaUHH 06 asapaa yCTaHOBJIeHhI TpH He3aBHCHMO 

pa6oTaIOw;HX ycrpoacraa. BepOJITHOCTh roro, 'fTO npa asapaa cpafioraer nepsoe 

yCTpOHCTBO paaaa 0,85, sropoe - 0,92, rperse .; 0,75. HaRTH BepoHTHoCTh TOro, 

'ITO npa asapaa cpafioraer : a) TOJIhKO O):lHO YCT}JOHCTBO; 6) TOJlhKO ):IBa yCTpOR

CTBa; B) see TpH yerpoticrsa. 

Petuenue: TIYCTh A - Cpa60TaJIO nepsoe yCTpOHCTBO, B - sropoe, C 

rpen.e, TIo iPopMynaM YMHo)l(eHIDI (2.5) II CJIO)l(eHIDI (2.1) sepoxrsocrea HMeeM: 

a) 

P(ABC +ABC +ABC)=P(ABC)+P(ABC)+P(ABC)= 
0,85·(1-0,92)(1-0,75)+(1-0,85)·0,92·(1-0,75)+(1-0,85)· 
(1-0,92)·0,75 = 0,1835 

6) 

P(ABC + ABC + ABC)=0,85·0,92·0,25+0,85·0,08·0,75+ 
0,15·0,92·0,75=0,247 ; 

B)P(ABC)=0,85·0,92·0,75=0,586. 

2.2. <DopMyJla DOJlBOn BepmITBOcTH. <DopMYJlbllianeca 

C06h1THH AI, A2, •••A" 06PaJ}'lOT rroJIHYlO rpynrry C06hITHR, ecna ssmon

HeHhI ):IBa YCJIOBIDI: OHH norrapao HeCOBMeCTHhI II CYMMa scex C06h1THH HBJIHeTCJI 

):IOCTOBepHhIM co6hITHeM_ ECJIH C06hITHH A], A2, ... ,A" 06PaJ}'lOT nOJlH}'lO rpyrr

ny, TO BepOHTHOCTh mo6oro C06bITHH B MO)l(HO onpenenars rro iPopMyJIe 
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PCB) ""PCB IA)P(A 1)+ PCB IA 2)P(A2) + ...+ PCB IAn)P(An), (2.6) 

KOTOpaH HaJblBaeTC}I tP0PMYJlOH nOJlHOH BepOHTHOCTH. 

3at\alfa 2.5. Pa60qHe H3rOTaBJlHBalOT oznrornnasae p,eTaJIH. Bepozraocrs 

6paKa y nepsoro pafioxero - 0,01, a y sroporo - 0,05. lli rrapraa B nsrscor nera

nea, p,BeCTHH3 KOTOpbIX Cp,eJIaHbI nepasnr pa60QRM, a TpRcTa - BTOpbIM, Bbl6Hpa

eTCH onaa nerans. KaKOBa BepOHTHOCTb roro, 'ITO ara zterans 6paKOBaHHaJI? 

Petueuue. Paccraarpaaaejzax caryanas JlBJIHeTCJl nayxsranaoa: nepBbIH 

sran - 113rOTOBJleHHe neranea pa60qHMH, a aropoii - Bbl60p nerana H3 napraa, 

TIyCTl> coosrrae Ai - H3roTOBJleHRe p,eTaJIH i-M pa60qHM, a cotisrrae B - Bl>16op 

6paKoBaHHoH p,eTaJIH. 3~eTHM, 'iTO mo6aJ1 zterans H3roraBJIHBaeTCJI TOJll>KO on

HHM pa60'iHM, n03TOMY C06blTHH AI H A2 HeCOBMeCTHbl. Kpoue roro, Ka)f()laJI 

p,eTanb H3 napraa H3rOTaBJlHBaeTCH TOJ1bKO 3THMH pa60qHMH H, CJle,l\OBaTeJIl>HO, 

CYMMa C06blTHH AI H A2 ecrs p,OCTOBepHoe C06bITHe. 3TO osnasaer, 'ITO C06bl

THll AI H Az ofipaayror normyto rpyrmy C06blTHH H ,l\IDI onpenenenas BepOHTHO

CTH C06blTHH B MOJKHO HCrrOJlb30BaTl> tP0PMYJlY nOJIHOH BepOHTHOCTH 

PCB) = PCB I~)P(AI) + PCB IAz)P(Az)· 

OrrpeAeJ1HM 3HaqeHHH BepOJlTHOCTeH, BXO,l\HlI.J;HX B upasyto -racn, sroro 

paBeHCTBa. TaK KaK ofimee qHCJlO neranea narscor, a ,l\BeCTH H rpacra neranea 

H3roTOBJleHbI rrepasnr H BTOPblM pa60qHM COOTBeTCTBeHHO, TO BepollTHOCTH 

peA 1)HP(A2 ) panmr: 

P(~)= 200 =~ 
500 5 

H 

" 300 3 
P(A2 ) = 500 = 5. 
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"' 

TIo yCJIOBHIO, eCJlH ,!I;eTaJIb H3rOTOBJIeHa nepBblM pa60qHM, TO BepOHT

HOCTl> 6paKa paaaa 0,01, a eCJIH BTOPblM, TO 0,05. TIonoMY 

p(BI~) ;::: 0,01 

H 

p(BI~) =0,05. 

fIO,l\CT8llJIJIJl norryseaasre 3Ha'leHWI B <p0PMYJl)' nOJlHOH BepOHTHOCTH, 

rronyqHM 

2 3 17
PCB) ;::: 0,01· 5" + 0,05 . '5 = 500 = 0,034. 

3at\alfa 2.6. Y pufiaxa nsa H3mo6J1eHHbIX MeCTa JIOBa, xoropsre OH noce

maer C BepOJlTHOCTllMH. 0,2 H 0,6 COOTBeTCTBeHHO. Ha nepsox MeCTe JlOBa OH Bbl

JlaBJIHBaeT 2 xr pbl6bl C BepOnHOCTl>1O 0,7, a aa BTOpOM C BepOJlTHOCTblO 0,4. C 

pbl6aJlKH OH B03Bpam:aeTCJl C YJlOBOM B 2 xr. Kaxosa BepOHTHOCTb roro, 'ITO psr

6aK JlOBHJl pbl6y aa nepsosr MeCTe? 

Petaeuue. nYCTb A, 0603Ha'laeT C06b1THe - psifiax JlOBHJl pbl6y aa i-M 

MeCTe, a B - yJIOB pbl6bl 2 xr, Hs YCJlOBHJl sanaaa HMeeM 

P(~) ;::: 0,2; P(A ) = 0,6; PCB IA J) ;::: 0,7; PCB IA2) = 0,4.2 

BepOliTHOCTb PCB) Bbl'lHCJlJleM no tP0pMYJle DOJlHOH BepOHTHOCTH 

PCB) = 0,7·0,2+0,4·0,6 =0,38, 

a HCKOMyro BepOliTHOCTl> PtA1IB) DO <POPMYJIaMBaaeca 

0,7·0,2 0,14 -~~0,37p(AIIB) 
0,38 0,38-19 
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2.3.	 DOCJle,lJ.OBaTeJIbHOCTb He3aBHCHMblX HCObITSHHH. 

«J>OpMyJlLJ liepHyJIJlH, Myaapa-Jlannaca, Ilyaccoaa 

liOJIbIIIOB xpyr sanax npaKTHQeCKOrO xapaxrepa MO)KeT 6bITb cBeAeH K 

TeopeTHKO-BepO)!THOCTHOH MOaeJIH TaK HaJblBaeMOH 1I0CJIenOBaTeJIbHOCTH aesa

BHCHMblX acnsrraaaa. CYTb :nOH MOnenH COCTOHT B cnenyiouiea. PaCCMaTPHBa

eTC)! n 0AliHaKOBbIX H He3aBHCHMblXnpyr OTnpyra onsrros, B KOTOPbIX Ha6JIJOAa

ercx C06bITHe A. BepOHTHOCTbsacrynneaas C06bITHH A OAHa Ii ra )Ke AJIll xa

)KAOrO onsrra, B 3THX yCJIOBHHX CTaBHTCH ABe OCHOBHble sanaxa: OOpeAeJIeHHe 

BepollTHOCTH HaCTYITJIeHIDI C06bITHH A pOBHO k pas B n onsrrax; onpezteneaae 

BepollTHOCTH roro, 'ITO C06b1THe A npoasoaner He MeHee kl paJ H He fionee k2 

pas B n onsrrax. COOTBeTcTByrollIHe BepOHTHOCTH 0603HaqaIOTCH xepea PII(k) H 

PIl(k,; k2) . 

PeIIIeHHe nepsori saztaxa MO)KeT 6bITb nonyseao no q>opMYne liepHYJIJIH 

c: k n-kPn (k) = «p q , (2.7) 

me p - BepOHTHOCTb HacTyITJIeHllH C06b1THH A B OAHOM onsrre; a q ~ 1- P 

llBJIHeTCll BepollTHOCTbIOC06bITllH A. 

OAHaKO npasreaeaae q>OPMYJIbI liepHyJIJIH An)! 60JIbIIIliX n 3aTPYAHHTeJIb

HO BBllAY CJIO)KHOCTH BbIqHCJIeHHH. TIo3TOMY AnH pemenas nepsoa 38AaqH npa 

60JIbIIIHX n acnonssyror npH6JIH)KeHHble q>0PMYJIbI noncsera Pn(k) - noxansayro 

<POPMYJIY Myaspa-Jlannaca H <poPMYJIY Ilyaccoaa. 

COfJIaCHO nOKaJIbHOH <popMyJIe Myaspa-Jlannaca, semrsaaa PII(k) npa

6nH)I(eHHO pasaa 

. 1 
p (k) ~ fTIrul cp(X) 

n vnpq	 (2.8) 
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I
 

'0; ; •. !Lffii¥!A1'M&!tid!i~2 ~ 

rAe 1 
--~e<p(x)- Jh 

x2 

-2 ,X == k - np 

..jnpq 

TeM roxaee nonyqeHHhIH pesynsrar. Ta6JIHI~a 3HaQeHHH <PYHKII;HH qJ(x) na npo

Me)KyTKe [0,4] npaseneaa B TIpliJIO)l(eHHH 1, AnH onpeneneaas 3Ha'leHHB qJ(x) na 

npoaexyrxe [-4,0] cnenyer HCnOJIbJOBaTb qeTHOCTb <PYHK@H <p(x). 

Cynrecrsyer eme ozma 1I0CTaHOBKa 3TOB 3a,n;a'lH. Hac 6YAeT HHTepeCO

BaTb BepOllTHOCTb roro, 'ITO B n onsrrax mrrepecyiouree C06bITHe npoH30H):(eT He 

MeHee kI paa H He 60nee k2. IIpH peIIleHHH ):(aHHOH 3a,QaqH TaK)I(e acnonsayrorca 

TIPH 3TOM crrenyer OTMeTHTb, 'iTO 'ieM 60nbille KOJIH'ieCTBO HCnbITaHHB, 

II 

II 

I 

npH6nH)KeHHbIe MeTO,QbI. BepOHTHOCTb PIl(k1;k2) cornacao 

<poPMYne Myaspa-Jlannaca, pasna: 

PJ.~ ;k;) =lP(x) -<P(~), 

HHTerpaJIbHOH 

(2.9) 

rAe 

/21 x-
<1>(x)== I Je 2 dt - <PYHKllllH Jlannaca, 

'V2;r 0 

k 
1 

- np k2 - np 
~'X2= ,Jnpq'x 

I 

Ta6JIHI~a 3Ha'ieHHH <PYHKllHH Jlannaca aa npoveayrxe [0,5] npasezteaa B 

IIpHJIo)KeHHH 2. ):(mI 3Ha'ieHHH x ~ 5 cP(x) nonaraior pasnca 0,5; AJIH onpene

3a,lJ.alJa 2.7. Bpocaerca IlJITb paa arpansnaa KOCTb. Kaxosa BepOHTHOCTb, 

'iTO B :nOB cepaa 6POCKOB asmaaer: nepBoe - pOBHO ):(Be TPOHKH; sropoe - He 

MeHee serupex TPoeK; rperse  XOTH 6LI oztsa TPOHKa? 

Peusenue. C06bITlle A  ssmazteaae TPOBKH, BepOSiTHOCTb sroro C06bITHH 

neHIDI <PYHKUHll JIarrnaca npa 0TPHllaTenbHbIX x HCrrOJIb3yroT HeqeTHOCTb !PYHK

llHll cP(x). 

1
P(A)=p=(j' BepOHTHOCTb BLIIIa,neHllH ztsyx TPoeK onpenensea rro !p0pMYne 

(2.7), AJIH n=5 H k=2 HaxO,QHM 
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r
 
2( 1)2(5)3 1250 ):(m! pemenaa aroporr, sonpoca HCrrOJIb3yeM HHTerpaJIbHyIO <pOpMyny6 6 ==7776~0,1608.Ps(2);Cs 

Myaspa- Jlannaca (2.11). MMeeMn=100, k, =70, k2=80, p=0,8 H q=O,2. BbI'lHCJISI-

BepOJITHOCTh BhIna,n;eHIDI He MeHeeIfeTblpex rpoex onpe~eJIHeM no 4JopMYJIe 

(2.8), IfMeeM 

I 
i 

~ (4;5) == ~ (4) + ~ (5) ~ 0,0032 + 0,0001 == 0,0033. f 
J 
..

BepOliTHOCTh Bhma.n;eHIDI XOTJI 6hl O~HOH TpOHKH TaIOKe MO>KHO Bbf'lliCJIHTb no
 

$opMyJIe (2.8), HO MOJKHO onpenenars ee rrporu;e, nepexoas K rrpOTHBOrrOJIOJKHo_
 

MYC06hITHIO - He Bbma,n;eHHIO HHO,l1HOH rpoaxa, Torna
 

. s 
0(1)°(5) 3125~ (0) '" Cs 66 == 7776 ~ 0,4019, 

OTK)',l1a HCKOMali BepOJlTHOCTb 

~(1;5) == 1-~(0) ~ 0,5981. 

3a,n;alfa 2.8. CrpeJIOK nopazcaer MHruem. C BepoHTHOCTbIO 0,8. OH npoas


BeJI cepaio H3 CTa BbICTpeJIOB. Tpe6yeTCJI orrpe,n;eJIHTb BepoHTHOCTH cJIe):\}'IOUUlx
 

C06bITHR: nepsoe - rronanaaae B MHllleHb pasao 75 pas; sropoe - rtonananae B
 

MHlIIeHb He MeHee 70 pas If He 60JIee 80 pas; 'rperr,e - rrorra,n;aHHe B MHllleHh He
 

60JIee70 pro. 

Petaenue. llOCKOJIbKY IfHCJIO HC1ThITaHHH n ,n;ocTaTOIfHo BeJIHKO, a npoas

senernre np cymecrseano 60JIblIIe e,n;HHH1U>1, TO .l(JIH OTBeTa na nepssia sorrpoc 

HCnOJIb3yeM JIOKaJIbHyro 4JopMynyMyaBpa-JIanJIaca (2.9). MMeeM n»100, k=75, 

p'=O,8 H q=0,2, rorna 

75 -80 5 
X == =- - == -I 25

~IOO'O,8'0,2 4 ' 

YIfHTbIBali. tITO 4JYHKUHH 9'(xheTHalI, r.e, q;(x) == q;(-x), no Ta6JIHI:\e (llpHJIOlKe

HHe 1) HaxO,n;HM 3Ha'leHHe rp (1,25) == 0,1826, a 3aTeM HCKOMyro BepoJITHOCTh 

1 
~oo(75) R; -·0,1826 R; 0,0457

4 

22 

eM3HatIeHIDI XI H X2 

. 70-80 -!Q=-2,5,x=---=== x =0. 
1 ~l 00.0,8.0,2 4 2 

TIo Ta6JIRQe (TIpHJIOJKeHHe 2) HaxO,n;HM 3Ha'leHHH <P(O) =0 H 

<P(2,5)=O,4938.TaK KaK <PYHK~HH JIaITJIaca neseraas, TO lP(-2,5)==- 0,4938. 

HCKOMali BepOHTHOCTb pasna: 

Roo(70;80) ~ 0-(-0,4938) == 0,4938. 

Aaanoraxno pemaercs H TpeTHH rryHKT3a,n;a'lH. MMeeM 

Xl = -20, X2 = -2,5; 

<P(-20)=-0,5. <P(-2,5)=-O,4938. 

HCKOM8lI BepOHTHOCTb pasna
 

~oo (0;70) ~.lP(-2,5) - <P(-20) ~ -0,4938 + 0,5 == 0,0062 .
 

3. CJly'laiiHhle BeJlH'IHHLI 

3.1. 3aKOB pacnpeneneaas CJ1YlfauHoD BeJlHlfHHbl 

CnyqaHHOH Beml'lHHOH Ha3hIBaeTCJI TaK8lI senasaaa, KOTOp8ll B pesyns

. rare TeOpeTHKO-BepOJITHOCTHoro sxcrrepaaeara MOlKeT rrpaaaxars TO a;IH IIHoe 

saaseaae, npH'leM HeH3BeCTHO sapaaee, xaxoe HMeHHO. 

Cpena CJIY'iaHHhIX BeJIH'iHH BI,r,n;eJIJIIOTCJl nsa OCHOBHbIX rana - ,l1HCKPeT

HhIe H nerrpepsmasre CJIY'iaHHhIe BeJIH'iHHbI. Cnyxaaaas BeJIH'iHHa Ha3b1BaeTCg 

,n;HCKpeTHOH, ecna OHa rrpRHHMaeT H30JHrpOBaHHble 3HaQeHHlI, H nenpepsrauoa, 

eCJIH ee 3HaqeHHJl cnnours 3arrOJIHJIIOT HeKOTOp.bIH rrpOMe:JKYTOK <a.b>. Hanpa

Mep, nosrepa BbIHrpbIlIIHbIX JIOTepeHHhIX 6HJIeTOB JIBJIJIIOTCH ,n;HCKpeTHOH CJIy

qaHHOH BeJIH'IHHOH, a BpeMJI O>KH,n;auIDl" aarooyca sa OCTaHOBKe - aenpepaasoa. 
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C TeOpeTHKO-BepOHTHOCTHOH TOlfKH spenaa, CJI)"IaHHall BeJIHlfHHa nOJIHO

CTblO onpenenena, eCJIH H3BeCTHa BepmITHOCTb, C KOTOpOH OHa npHHHMaeT 3Ha

lfeHHH H3 JIlO60ro saztaanoro HHTepBaJIa. CooTHomeHHH, onpezrensromae 3TH Be

pmITHOCTH, Ha3bIBaIOTCjj 3aKOHOM pacnpenenenas CJIYlfaHHOH BeJIHlfHHb!. 3aKOH 

pacnpe.n;eJIeHHH CJIY'laHHOH BeJIHlfHHbI MO)J(eT HMeTb pasnasnste <pOPMbI: Pjj.n; 

pacnpe.n;eJIeHHjj, MHoroyroJIbHHK pacnpenenenas, <PYHKQHH pacnpeneneaaa, 

nJIOTHOCTb BepOjjTHOCTH H T.n. 

Pjj.n;OM pacnpeneneaas .n;HcKpeTHOH CJI)'lfaHHOH BeJIHtIHHbI X aassrsaerca 

J 

rafinaua, B KOTOpOH npasenensr see B03MO)J(HbIe 3HalfeHHH CJIYlfaHHOH BeJIH'IHHbI 

X" Xl, X3, ... H COOTBeTCTBYlOIQHe HM BepOjjTHOCTHPi= P{X=Xj}. PHc.3.1 

Cnenyer OTMeTHTb, 'ITO npnseneansre <pOPMbI 3aKOHa pacnpezteneaaa 

rrpHMeHHMbI JIHmb K .n;HCKpeTHbIM CJIYlfaHHblM BeJIHtIHHaM. O.n;HaKO HMeeTCjjIffiJ X2 I .qq.~- ) 
yaaaepcanssas <popMa 3aKOHa pacnpeneneaaa, rrpHMeHHMall )l;Jljj OnHCaHHjj cnyIC~~ pz ~~~ J 
lfaifHbIX BeJIH'lHH 060HX THnOB- !PYHKQHH pacnpezieneaas. 

3.2. «I>yHK"HB pacnpenenenna H nJlOTHOCTL pacnpeneaeaaa
) 

CJIyqaiiHOii BeJlHIfHHLIOrMeTHM, 'ITO ~ Pi =1. BepOjITHOCTb rrpHHHTHH CJIY'laHHOH BeJIHlfHHOH 3Ha
I ) 

'1eHHHH3 ztaaaoro npoaeacyrxa <a.b> onpenenaercs no <popMyJIe 
<I>yHKQHeH pacnpeneneaas CJIYlfaHHOH BeJIHlfHHbI aaasrsaercx !PYHKQHjj 

F(x), onpezrensronras seposraocrs roro, 'ITO X npmser aaaxeaae MeHbIIIe X 

p{xE<a,b>}= 'LPj. (3.1) F{x)=P{X < x}. (3.2)
xjE<:.a,b> 

M3 onpeneneaaa F(x) cnezryer, 'ITO OHa npHHHMaeT 3Ha'ieHIDI B npoue


)J(YTKe OT UYJIjj no e.n;HHHQbI. ITepelfHCJIHM OCHOBHble CBOHCTBa<PYHKQHH pacnpe


Fparpanecxoe H306pa)J(eHHe psna pacnpeneneaas aaasrsaercs MHoro zteneaas: F(x) xanaercs Hey6bIBaIOlUeH <PYHKQHeH; BepOjjTHOCTb nplUU1THH CJIy


yroJIbHHKOM pacnpenenenaa (pHc.3.1). lfaHHOH BeJIH'lHHOH X 3Ha'leHHH H3 npOMe*YTKa [a,b) onpenenaerca !P0PMYJIOH 

P{a s X < b} =F(b) - F(a). (3.3) 

3a~aqa 3.1. ITo pxny pacnpe.n;eJIeHHH CJI)"IaHHOA BeJIHlfHHbI X 

24 25 
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x1 x2 x3 x4 K 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 

http:xjE<:.a,b


\; I: I ~ I ~ I ~ I
 
HaHTH cPYHKUHlO pacnpeAeneHHJl, nOCTpOHTb ee rpadiax H orrpenemrrs sepoarao-

CTH npHIDITHJl CnytIaHHOH BeJIHqHHOH 3HaqeHHH B npoMeX<)'TKax (2,5), (-1,0) H 

(3,8). 

Petueuue. TIyCTb X :::;; 0 , rorna cofisrrae X E (-00, x) HBIDIeTCH HeB03

MO)l(HbIM, TaK KaK cnyqaHHaH aerraxaaa X He npHHHMaeT orpanarensnsrx aaase-

HHH H n03TOMY F(x) =0. Ecna 0 < x ::;; 2, TO B npOMeX<)'TKax (-oo,x) HMeeTCH 

ronsxo OAHO.3HaqeHHe cnytIaHHOH BenflqHHbl, a HMeHHO aynesoe. TI03TOMY, ysa

rsrsas cP0PMYJIY (3.1), HMeeM 

1 
F(x) = P{X < x} = PI =

8 

AHaJIOrHqHO onpeAeJUUOTcH 3HaqeHHJl cPYHKUHH pacnpeAeneHHH na npo

Me)l(yTKax: (2, 3], (3, 6], (6, +GO). B arore noJIytIHM : 

o ,x~O; 

"81 ,0<x~2; 

F(x) = , ~ , 2<x~3; 

3 , 3<x~6;-
8 

1 , 6 <x. 

fpacPHK cPYHKUHH pacnpeAeneHHJl npasenea aa pHC. 3.2. 
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F(x 

__ h n_nu hn nn_ .. 

7/8 I-------------nn :.. 

:, 
:, 
,I 
I 
I 

3/8 L ~ 
I
 

,I ,,
 
, I 

,, ,I 
1/8 I... : : 

: 
I 

o 2 4 5· 6 7 x 

PHc.3.2 

TInOTHOCTblO pacnpeneneaaa CJIytIaHHOH senasaasr X Ha3b1BaeTCH He

orpanarensnas cPYHKUHJl f(x}, YAOBJIeTBOpHIOIllaH paaeacrsy 

x
F(x)::;: Jf(t)dt, (3.4) 

-GO 

rne F(x) - cPYHKUHH pacnpeneneaas, 

Ecna F(x) AHcPcPepeHUHpyeMaH cPyHKUHJl, TO F'(x) =j{x), n03TOMY nJIOT-

HOCTb Ha3blBaJOT raiose AHcPcPepeHUHaJIbHOH cPyHKUHeH pacnpeneneaaa. OCHOB

nue CBOHCTBa nJIOTHOCTH: 

1. j(X)~O; 

+00 

2. J j(x)dx=l; (3.5) 
-00 

3. P{a-<X-<b}= 1f(x)dx. 
a 

3aMeTHM, qTO B COOTHOIIIeHHH 3 ]IJ060H 3HaK crpororo HepaBeHCTBa MO)l(HO sa

MeHHTb aa 3HaK necrpororo aepaseacraa. 
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3.3. qHCJloBble xSpSKTepHCTHKH CJIY"lSUUblX OeJlH"lHH 

MaTeMaTH'IeCKHM O)l(H,llaHHeM HJIH cpeztaasr 3Ha'leHHeM cJIY'lauHoH Be

JlH'lHHbI X Ha3b1BaeTCJ:I 'IHCJlO, onpeneneaaoe paBeHCTBaMH: 

M[X] = ~>iPi' 

,nJIJI ,llHCKpeTHblx c.rry'lili1HbIX BeJlH'IHH; 

+<0 

M[X] = Jx!(x)dx, (3.6) 
-00 

,nJIJI HenpepblBHblx CJIY'!aHHbIX BeJIH'lHH. 

MaTeMaTH'IeCKOe O)I(H,llaHHe - 3TO raxoe snaseaae, soxpyr xoroporo 

rpynnHpYIDTCJ:I 3Ha'leHHJ:I CJlY'!aHHOH BeJIH'IHHbI. 

llepe'lHCJlHM OCHOBHble CBoHcTBa MaTeMaTH'leCKOrO O>KH,llaHHJ:I: 

_ MaTeMaTH'IeCKOe O)l(H,naHHe nOCTOJ:IHHOH ecrs cassa nOCTOJ:IHHaJI 

M[C] =C; 

_ nOCTOJ:IHHbIH MHO)l(HTeJIb MO>KHO BblHOCHTb sa 3HaK MaTeMaTH'leCKOrO o>KH,naHHJ:I 

M[CX] = CM[X]; 

_ MaTeMaTH'IeCKOe O)l(H,naHHe CyMMbl ,nByx He3aBHCHMblX cnysaaasrx BeJlH'lHH 

pasao cyMMe MaTeMaTH'IeCKHX O>KH,naHHH 3THX BeJIH'IHH 

M[X + Y] = M[X] + M[Y]; 

_ MaTeMaTH'IeCKOe O>KH,naHHe npoasseneaas zrayx He3aBHCHMbIX CJIY'!aHHblx Be

JIH'lHH pasno npoH3Be,neHHIO MaTeMaTH'IeCKHX O>KH,naHHH 3THX BeJIH'IHH 

M[XYJ = M[X]M[Y]. 

Pa3HOCTb Me>KAY CJlY'iaHHOH BeJlH'lHHOH H MaTeMaTH'leCKHM O>KH,naHHeM 

X - M[.x1 Ha3bIBaeTCJ:I OTKJlOHeHHeM CJlyqaHHOH BeJlH'IHHbl. MaTeMaTHqeCKOe 

28 

O>KH,naHHe xnaapara OTKJlOHeHHJ:I cJ1Y'iaHHoH BeJIH'lHHbl Ha3blBaeTCJ:I ,nHcnepcHeH. 

,l{HcnepCHJ:I xapaxrepasyer crenens KOHIJ;eHTpaIJ;HH 3Ha'leHHH CJlY'!aHHoH BeJlH

'IHHbl OKOJIO cpenaero 3Ha'leHHJ:I. lJeM MeHbme ,llHCnepCHJ:I, TeM 60JIbllle 3Ha'leHHH 

CJIY'!aHHOH BeJIH'lH.HhI nOJ:IBJIJ:IeTCJ:I B6JlH3H MaTeMaTH'IeCKOrO O>KH,naHHJ:I H Ha060

pOT. KBa,n:paTHbIH xopens H3 ,lUfCnepcHH Ha3bIBaeTCJ:I Cpe,llHeKBa,n:paTH'IHbIM OT-

KJlOHeHHeM 0'[X] = Jjj[X]. ,l{HcnepCHJ:I 0603Ha'laeTCJ:I JlH60 D[X], JlH60 

0'2 [ X]. 

OCHOBHble CBOHCTBa zracnepcaa: 

- ,nHCnepCHH nOCTOJ:IHHOH pasaa aymo D[X] = 0; 

- nOCTOJ:IHHDriI: MHO>KHTeJlb MO>KHO BblHOCHTb aa 3HaK nacnepcaa, B03BOM ero B 

xsanpar D[CX] = CD[X]; 

- ,nHCnepCHH aeorpauarensna D[X] ~ 0; 

- lIHCnepCHH CyMMbl He3aBHCHMbIX CJlY'!aHHbIX BeJlH'lHH pasaa cyMMe zracnepcaa 

3TUX BeJIH'IHH D [X+1) = D[X] + D[Y]~ 

Ilpasenea pacxerasre tPOpMyJIbI ,llJlJ:I BbI'IHCJIeHHJ:I ,llHCnepCHH: 

D[X] =L (Xi - m)2 Pi, 
i 

ll,IDl.,llHCKpeTHbIX CJIY'laHHblX BeJlH'lHH;
 

+00
 

D[X] = J(x-m)2 j(x)dx, (3.7) 
-00 

,llJlJ:I aenpepsrsasrx CJIY'laHHblX BeJIH'IHH, rne m - MaTeMaTH'leCKOe O>KH,llaHHe 

CJlY'iaHHOH BeJlH'lHHbl X 

Ha npaxraxe yztofiaee 1I0JIb30BaTbCJ:I cnenyroniea tP0PMYJlOH AJIJ:I Bbl'lHC

JleHHJ:I ,llHCllepCHH: 

D[X] =M[X] - (M[Ali. (3.8) 

3S,llS"lS 3.2. ,l{JIJ:I ,lUfCKpeTHOH CJIY'!aHHoH BeJIH'IHHbI X; sanaaaoa pH,llOM 

pacnpeneneaas 

29 Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



I:I~ En ; I ; I 

onpenenars MaTeMaTWleCKoe OIKH,naHHe, nacrrepcmo H cpenaexeanparaaaoe OT-

KJIOHeHHe. 

Peuienue. ITo <popMyJIaM (3.6) HMeeM 

1 1 1 1M[X] = 0 . _. +3. _. + 4 .- + 8.- = 32 2 8 8 . 

,lVui orrpe).leJIeHHH ,nHcrrepcHH BOCIIOJIb3yeMcH <pOpMyJIOH (3.8), rorna 

1 1 1 1 2
D[X] = 0·-+9· -+16·- +64··· -(3) = 55 

2 2 8 8 ' 

H 

a-[X]=N ~2,345. 

3a,naQa 3.3. Orrpezremrrs MaTeMaTH'IeCKOe OIKH,naHHe, nacnepcmo H 

cpe,nHeKBa,npaTH'IHOe OTKJIOHeHHe CJIYt:IaHHOH BeJIWlHHbI x; IIJIOTHOCTb pacrrpe

,neJIeHHH KOTOpOH 

0, x<O; 

f(x)= 
{ 

2e -2x , x ~ 0. 

Pemeaae. ITo <popMyJIaM (3.6) HMeeM 

+00 +<Xl -2 _ 1 eo 1
M X = J xf(x)dx= J x2e xdx=-(xe 2x+_e-2x)1 =-. 

[ ] 
-00 0 2 02 

,lVui orrpe,neJIeHHH ,nHcrrepCHH HCrrOJIb3yeM <pOpMyJIy (3.8): 

30 

+00 00 122e-2xdx-D[X]= f x 2!(x)dx-(M[X])2 = fx = 

-00 0 4 
00=_(x2e-2x+xe-2x+1e-2x) _}. =1_1=11 

2 0 4 2 4 4 

o-[X]= V4[1 =1. 
2 

3a.rca'la 3.4. ):VicKpeTHalI cJIY'laHHalI BeJIH'IHHa X MOlKeT npaaaxar» TOJIb

KO naa 3Ha'leHHH XI H rrpWleM XI < X 2 • IhBecTHbI - BepOHTHOCTb PI 3Ha'leHWrX 2, 

Xl' MaTeMaTHl:J:eCKOe OIKH,naHHe M(X) H nacnepcas D(X). HaRTH 3aKOH pacrrpe

,neJIeHHH :noH CJIYt:IaHHOH BeJIWlHHbI, eCJIH PI =0,95,M(X) =3,2,D(X) =0,1. 

Peuienue. M(X)=x
I 
·0,95+x2·0,05 =3,2; 

D(X) = (XI -3,2)2 ·0,95+(x2 -3,2)2 ·0,05 = 0,1. 

l1MeeM nsa ypaaaeaas MH HIDWIK,neHHH HeH3BeCTHbIX Xl H X 2• Pemas ary CHCTe

MY ypaBHeHHH, orrpenenaesr Xl =3,128,x2 =3,564. TaKHM 06paJOM, 3aKOH pacrrpe

.neJIeHHH cJIYt:IaHHoH BeJIWlHHbI X HMeeT BH.n: 

- 3,128 3,564 

P -10,95 0,05E i
I 

3a.rca'la 3.5. CJIYt:IaHHalI BeJIH'lHHa X sanaaa <PYHKIJ;HeR pacnpenenenaa 

F(x). HaRTH rrJIOTHOCTb pacnpenenenaa f{x), MaTeMaTWleCKoe oIKH,naHHe M(X) 

H .nHcrrepcHJo D(X) CJIYt:IaHHoii BeJIHqHHbI X. 

0, x~3, 

F(x)= 
X
--1, 
3 

3<x~6, 

1, x>6. 

Pemenae, COrJIaCHO <popMyJIe (3.4) HMeeM: f(x) =F'(x), TO ecrs 
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0, x:S;3, 

3<x:S;6,f(x)= i3' 
1 

0, x>6. • 
113 <poPMYJI (3.6) 1I (3.7)
 

6 6 X 1 x216 1 9

M(X) = Jx-j(x)dx=J-dx=-'- =-(36-9)=-;

3 33 3 2 3 6 2 

(9)2 6( 9)2 1 3D(X)= 00J' x-- f(x)dx=J x-- -dx=
-00
 2 3234 

3.4. HOpMaJIbHOe pacnpeaeneaae 

CnyqaHHaJl BeJIH'lHHa X pacnpe.n:eJIeHa no HOpMaJIbHOMY 3aK0HY Cna

paMelpaMH a 1I a ,eCJIH ee IIJIOTHOCTbj{X) pasaa 

_ (x_a)2 

1 20-2 
f(x) (3.9)

.J21l0-e 

BepORTHOCTHbIi!: CMbICJI napaaerpos pacnpeneneaas cnenyro

mllil:: a-no MaTeMaTH'IeCKOe Q)KH.n:aHlIe, (1 - cpeaaexaanpanrsnoe OTKJIOHeHlIe 

cnyqaHHoi!: BeJIH'fHHbI. 

3aMeHa nepexeaaoa 

y= X-a 
(3.10)

a
 

n03BOMeT JIlo6}1O cnyqaHHYIO senasaay X, pacnpenenemryro no HOpMaJIbHOMY
 

3aKOHY Cnapasrerpaaa a H (1, npnsecra K cnyqaHHOi!: BenH'lHHe Y, pacnpeztenea

HOi!: no TaKHa3bIBaeMOMY CTaH.n:apTHOMY HOpMaJIbHOMY 3aKOHY C napasrerpaaa 0
 

H 1. )lruI cTaH.n:apTHoro HOpMaJIbHOrO 3aKOHa pacnpezteneaas rrJIOTHOCTb paana
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2 x
1 -2 

(3.11 )f(x)=~21r e 

a <PYHKUlIJl pacnpeaenenas 

1
F(x) =-+ <P(x) (3.12)2 ' 

rzte <P(x) - <PYHKUHR JIarrnaca: 

z2
1 x-

(/J(X)=-Je 2 dz (3.13) 

.J2n 0 

3~a'la 3.6. Ha CTaHKe H3roTaBJIHBaIDT nerans. ):ViliHa .n:eTaJIH X RBJIReT

CH cnyqai!:HoH BeJIH'IliHOH C napasrerpaaa a=20 CM H (1 =0,2 CM. Hai!:TH BepORT

HOCTb roro, 'ITO ,IJ;JIHHa nerana 6y.n:eT 3aKJIlO'IeHa Me)l(,IJ;y 19,7 CM H 20,3 CM, r.e. 

OTKJIOHeHlIe B TY HJIH HH}1O CTOpOHY He npessrcar 0,3 CM. 

Petueuue. OrKJIOHeHHe IX -al <6 cnyqaHHoi!: BeJIH'IHHbI X paBHOCHnbHO 

£ 
OTKJIOHeHHIO Iyl < cr CJIY'!aHHOH BeJIH'IHHbI Y, pacnpeneneanoa no CTaH.n:apTHO

3 3 
My HOpMaJIbHOMY 3aKOHY (CM. (3.10)). ):ViR aamero CJIY'!aJl - 2" < Y < 2". Bepo

3 3 
RTHOCTb nonaaaaas CnyqaHHOH BeJIH'llIHbI Y B HHTepBaJI (- 2 ' 2") pasaa 

3 3 3 3 3 3 3
P{-- < Y < -} =F(-) - F(--) =<P(-) -<P(-:-) = 2<P(-)

2 2 2 2 2 2 2· 

Onpenerraa rro Ta6JIHue Ilpanoxeaas Il2 saaseaae <P(1,5), nOJIY'lHM 

p{lx - 201 < 0,3} = p{/yl < 1,5} = 2·0,4332 = 0,8664. 

3a~aqa 3.7. CnyqaHHaJl BeJIH'IHHa X pacnpezrenena no HOpMaJIbHOMY 

3aKoHY C napasrerpaaa 3 H 5. Orrpe.n:eJIlITb BepoRTHoCTb ee nonanaaas B HHTep

BaJI (-1,2). 
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Peuseuue. HepaaeHcTBo -1<X<2 ,nJIJI CJl)":IaHHOH BeJIH'IHHbI X PaBHO

-1- a < y < 2 - a ~JIJI CTaH):~aPTHO pacnpezreneasojiCHJIbHO HepaBeHcTBy 
u U 

CJI)"IaJ!HOH BeJIHqHHbI Y (3.10). TI03TOMY, j"fHTbIBM, qTO a = 3, {J = 5, HMeeM 

P{-l < X < 2}= P{-0,8 < Y < -0,2} = (j)(-0,2) - (j)(-0,8)::: 

= -0,5793 - (-0,7881) ::: 0,2088 . 

4, 3J1eMeHTbl MaTeMaTHlJeCKOii CTaTHCTHKH 

4.1. OCHoBHLle nOHHTHfi 

K OCHOBHMM 3MaqaM MaTeMaTHqecKoH CTaTHCTHKH OTHOCHTCH: 

1.	 HaxO)K~eHHe no OllbITHbIM (cTaTHCTHqeCKHM) ~aHHbIM 3aKOHa pacnpenene

HHH Ha6JI1o~aeMOH cJI)"IaHHoH BeJIuqHHbI - CTaTHCTuqeCKoro 3aKOHa pac

npeneneaas, 

2.	 HaXO)K~eHHe no CTaTHCTHqeCKHM ~aHHblM napasrerpos pacnpeneneaaa aa

6JIIO.l(aeMOH CJIyqaHHOH BeJIHqHHbI - roae-raoe H HHTepBaJlbHOe oneaasa-

HHe rrapaaerpos pacrrpe~eJIeHHH. 

3.	 CTaTHcTuqecKM nposepxa rnnoressr 0 TeOpeTH'IeCKOM 3aKOHe pacnpezte

JIeHWI Ha6JI1O~aeMOH CJIy'IaHHOH BeJIHqHHhI. 

TIepBM H STOpM 3a.llaqH peIIIaJOTcH rrocpencrsox BbI60PKH 60JIbIIIOrO H 

MaJIOrO 06'beMa. ,LVIH cTaTHCTHqeCKOH nposepxa rarroressr 0 3aKOHe pacnpe

.l(eJIeHWI (3imaqa 3) HCrrOJIb3)'lOTCH cneuaansasre KpHTepHH (Ilapcoaa, KOJIMo

roposa H T.n.). 

34 

4.2. CTaTHCTH'IeCKHe xapaKTepUCTHKH onLITHLIX JlaHHLIX 

Ilpocmoii cmamucmu',ecKUU pRO. 31'0 - nepBHqHM <popMa 3anHCH CTaTH

crmecsoro MaTepHana. Hanpavep, crryqaHHM BeJIHqHHa X npa 15 Ha6JIIo~e-

HHJIX npHHHJIa CJIe~mHe3HaqeHHH: 

t 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Xl -20 -60 -10 30 60 70 -10 ·30 120 -100 -80 20 40 -60 -10 

TIpOCTOH CTaTHCTHqeCKHH pszt MO)KeT 6bITb 06pa60TaH Pa3JIHqHbIMH cno- . 

C06aMH. 

CmamUCmU'IeCKaJI t/JYIIK~WI (3aKollj .pacnpeOeJlellWl. TaK Ha3bIBaeTCH qac

TOTa C06bITWI X < x B ,D;aHHOM cTaTHCTHqeCKOM MarepHane 

F*(x)=P*(X<x) . 
TaK, ~JIH paCCMOTpeHHoro npocroro CTaTHCTHqeCKoro psna npa X=x=-IOO 

6y.l(eT F'(-IOO)=O; Kor.l(a·100<x<-806Y.l(eT F(x)=1/15;BTOqKe x=-80 F"(x) B03

pacrer eme aa 1/15; B TOqKe x=-60 F'(x) B03paCTaeT na 2/15 H TaK nanee ~o 

F'(x)=1 npa x>120. TaKHM06pa30M, F'(x)TepnHTpa3pbIBbIBTOqKax x=-IOO, 

x= -80, x=.60 H T.~. fpa<pHK ee - cryneflqaTM JIHHWI, pacrrOJIO)KeHHM Me~ 

F'(x)=O, x<-IOO, H F'(x)=1 npa x>120. 

Bee MHO)KeCTBO 3HaqeHHH, Ha6mo.l(aMbIX B pe3YJIbTaTe orrsrra, Ha3bIBaeTCH ze

IIepanl1110U coeosynnocmno. a qHCnO Ha6JI1O~eHHH - ee ofibi!.MoM (n=15 -06'beM 

B paccMoTpeHHoM npasrepe). 

TIPH 60JIbIIIOM qHCJIe Ha6lllO.l(eHHH y.l(06Hee nOJIb30BaTbCH HeKoTopbIMH yc

peilHeHHbIMH xapaKTepHCTHKaMH. Pa3.l(eJIHM sees ARana30H Ha6nlO.l(aeMbIX 3Ha

qeHHH aa HHTepBaJIbI (Pa3pRObl) H noncaaraev KOJIHqeCTBO 3HaqeHHH m. npaxo
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,!UII~HXCR aa KaX<.L\blH t-H p33pR.L\; sro '{HCJIO pa3.L\eJIHM aa ofimee qHCJIO Ha6mo

* .L\eHHH n H HaH.L\eM qaCTOT)', COOTBeTCTBYJOJUYlO .L\aHHOMYP33PR~ P. =m./ n
1 1 

(CyMMa qaCTOT pasaa 1). COCTaBHM Ta6JIHl(y: B nepsoa crpoxe npHBO,l:\lfM p33pR

,L\bl, BO BTOPOH - KOJIHqeCTBO 3HaqeHHH: B .L\aHHOM paspane, B rpersea - COOTBeT

CTB)'lOmHe qaCTOTbI; sra Ta6muJ;a Ha3blBaeTCR cmamucmuvecsuu pR()OM. Flyers 

n =500, 1,= p33pR.L\: 

t 1 2 3 4 5 6 7 8 

II -4; -3 -3; -2 -2; -1 -1; ° 0; 1 1; 2 2;3 3;4 

PI" 0,012 0,05 0,144 0,266 0,24 0,176 0,092 0,02 

rpa<pHK CTaTHCTHqeCKoro pxna - zucmoepasosa; B paccvorpeaaoa npave

pe OHa HMeeT BH.L\: 

I'acrorpaseaa npH6JIHX<eHHo coorsercrsyer 3MnHpHlfeCKOH nJIOTHOCTH pac

npe.L\eJIeHIDI HenpepbIBHoH CnylfaHHOH BeJIH'lHHbI X. 
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4.3. qHCJJoBble xapaKTepHCTHKH CTaTHCTH'IeCKOrO pacnpe.neJleHHH 

3MnHpHlfeCKHM ananorosr MaTeMaTHtIeCKoro OX<H.L\aHIDI RBJIReTCJl cpenaee 

apH<pMeTHlfecKoe Ha6mo.L\eHHblX 3HalleHHH CJIY'laHHOH: BeJIHlfHHbI 

* 1 n * 
M (X)=-- L xi=m (4.1) 

x
ni=l 

_cmamucmuuecxoe cpeouee C/ly'laiiuoii eenuuuuu, TIPH HeorpaHHlleHHOM yBe

JIHlfeHHH lfHCJIa onsrroa CTaTHCTHlleCKoe cpennee npH6JIH)I(aetCJl K MaTeMaTHlle

CKOMY O)l(H.L\aHHlO. M' (X) JlBJIJIeTCR cJIYllaHH.OH: BeJIHlfHHOH:,KOTOpaJITeM He 

MeHee .L\aer nexoropoe npe.L\CTaBJIeHHe 0 HeH3BeCTHOM3HalfeHHH M(X). 

AuanOrHtIHO onpe.L\eJIJIeTCR cmamucmuuecuan oucnepcus CJI)"laHHOH: Be

JIH'lHHbI 

2 
* 1 n [ *J (4.2)D (X)=;.L xi-mx 

1=1 

TIPH He 3aMeTHO 60JIblIIOM KOJIHlfeCTBe onbITOB npHMeIDUOT CJIe):(yIOmHH: 

npHeM - BOCnOJIb3yeMcR CTaTHCTHlleCKHM PR.L\OM, nonyqeHHbIM H3 TOH )l(e reae

pansnoa COBOKYJIHOCTH. Torna 6Y.L\eM HMeTb 

* *) k_ *_ (4.3)m =M (X = L X.p. =X ,
XlI 

i=l 

rae X BbI60pOlfHaJI Cpe.L\HJlR , X; - "npe.L\CTaBHTeJIb" i-oro P33pR.LIa (nanpa-

Mep, cpeanee apH<pMeTHlfeCKoe aaaxeaae x .L\J1R .lJ:aHHOrO p33pR.L\a- cepenaaa HH

repaana (x"X;+I); P; -lfacToTa; k: - KOJIHtIeCTBO p33pR.lJ:OB. Aaanoraxao 
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D *(x) = .2:k [~xi-mx*J2If,* ~D*~)=a , (4.4) 

1=1 

me D'(x} - BbI60pOqHM ,n;HCIIepCIDl; a - cpeouee K6aopamUIlecKoe omWIOHe-

Hue 6b160pKU. 

4.4. OueHKD 'IDCJlOBbIX xapaKTepHCTHK 

113 paCCMO'Il'eHIDI CTaTHCTHqeCKOrO MaTepHarra MO>KHO cneaars IIpe,n;IIO

JIO>KeHHe 0 3aKOHe pacrtpeneneaas CJIY'IaHHOH BeJIHqHHbI. Torna B03HHKaeT aaaa

qa OTbICKaHIDl IIapaMeTPOB, KOTOpbIMH OIIpe,n;eAAeTCj/ 3TO pacnpeneneaae; aa

npaaep, )l;JIj/ aopxansnoro 3aKOHa He06xo,n;HMO HaHTH BeJIHqHHbI a H a. Ta

xoe rrpH6JIH>KeHHOe aaaseaae napasrerpa j/BJIj/eTCj/ CJIY'IaHHOH Bemf1lHHOH H aa

3bIBaeTCj/ ero O~eHKOu. nYCTb a- CTaTHCTHqeCKM OI~eHKa HeH3BeCTHoro rrapa

xerpa a, BbI6paHHoro (npezmonaraeaoro) 3aKOHa paCIIpe,n;eJIeHIDI. )l(eJIaTeJIbHO, 

'IT06bI npa YBeJI~eHHHqHCJIa HCIIbITaHHH n OHa IIpH6JIH>KarraCb, cxonanacs IIO 

BepOj/THOCTH K BeJIHqHHe a. O~eHKa, 06JIa,n;lllOII\M TaKHM CBOHCTBOM, Ha3bIBaeT

cs eocmonmensuoii: 

KpOMe TOrO, He06xo,n;HMO, qT06bI, 3aMeHj/j/ BeJI~HHY a IIpH6JIH>KeHHO na 

a,MbI He nenana CHCTeMaTHqeCKOH OIllH6KH, r.e, 'IT06bI BbIIIOJIHj/JIOCb yCJIOBHe 

M(Ii} =a. TaKM oueaxa Ha3bIBaeTCj/ HeCMeU{eHHOu. 

HaKOHe~, >KeJIaTeJIbHO, 'IT06bI BbI6paHHM HeCMeII\eHHM oueaxa HMeJIa 

MHHHMaJIbHOe 'paccesaae OROJIOMaTeMa~eCKoro O>KH,n;aHIDl, T.e. ofinaztana rro 

CpaBHeHHIO C ,n;PYfHMH O~eHKaMH MHHHMaJIbHOH zracnepcaea D(a} = min. TaKM 

oueaxa Ha3bIBaeTCj/ 3f/Jf/JeKltlU6HOu. 

TO'leIlHOU Ha3bIBaeTCj/ oueaxa, KOTOpM onpenenserca O,n;HHM qHCJIOM. 

Ilpa He60JIblliOM qHCJIe Ha6mo,n;eHHH TO'IeqHM oueaxa aeassecraoro napaxerpa 

MO>KeT 3Ha'IHTeJIbHO OTJIH'IaTbCj/ OT oueaasaeaoa BeJI~HHbI, r.e, IIpHBO.n;HTb K 

rpy6bIM OIIIH6KaM. Ilo3ToMY B 60JIbIIIHHCTBe aaaax TPe6YeTcj/ He TOJIbKO HaWfH 
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,n;JIj/ napasterpa a nonxonsmee qHCJIeHHOe 3Ha'IeHHe, HO H O~eHHTb ero TO'IHOCTb, 

Ha,n;e>KHOCTb, T.e. HY>KHO yCTaHoBHTb, K KaKHM OIIIH6KaM rrpasezrer 3aMeHa napa

MeTpa a ero O~eHKOlf Ii, H C KaKOlf CTeIIeHbIO yBepeHHOCTH MO>KHO yrsepsoiars, 

'ITO 3TH OIIIH6KH He BbIH.n:yT aa nanaue npeztenu, 

4,5, )l;oBepHTeJlbHblii HHTepBaJl, )l;oBepHTeJJbHaH BepoHTHoCTb 

(Ha~emHocTb) 

nYCTb )l;JIj/ napasserpa a IIOJIY'IeHa H3 OIIbITa HeCMeII\eHHM ouenxa a. 

O~eHHM B03MOJKHYlO omaoxy, Ha3HaqHM aexoropyto, 6JIH3KYIO K 1, sepos'rnocrs 

(HaIIpHMep, fJ =0,9; 0,95 HJIH 0,99). TaK qTO paccaarpasaeaoe cnyqaHHOe C06bITHe 

C aepOj/THOCTblO fJ MO>KHO C'IHTaTb IIpaKTHqeCKH ,n;OCTOBepHbIM. Half,n;eM raxoe 

'IHCJIO 8 > 0, 'ITO 6y,n;eT 

p(jO' ~al<£)= fJ , (4.5) 

T.e. BepOj/THOCTb roro, qTO onenxa a OTJIHqaeTCj/ OT HCTHHHoro (reoperaxecxo

ro) 3Ha'IeHHj/ napaxerpa a MeHbIIIe, qeM na 8, paana fJ. Torzra B03MO>KHble 

OIIIH6KH IIpaKTHqeCKH He BbIXOMT H3 anrepaana (-8;8). 60JIbIIIHe OlliH6KH MOryT 

IIOj/BHTbCj/ C MarrOlf BepOj/THOCTblO a = 1- fJ . 113 (4.5) cnenyer 

p(O'-£<a<O'+£)=fJ , (4.6) 

qTO osaaxaer, qTO C Bepoj/THoCTbIO fJ napaxerp a nonanaer B anrepsan 

I fJ =(0'-£,0'+£) . (4.7) 

3,n;eCb napasrerp a aecnysaea, a aarepsan I fJ- cnyqaHHbIH - cnyqaHHo ero 

IIOJIO>KeHHe aa OCH OX, onpenenseaoe ~eHTPOM a; CJIyqaHHa Hero ,n;JIHHa 28. 

BeJI~HHY fJ He06xo,n;HMO TOJIKOBaTb KaK BepOj/THOCTb roro, 'ITO cnyqaHHbIH HH
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£" .4._ ., 

TepBaJI I fJ nOKpbIB8eT HeH3BeCTHbIH napaaerp a. Bemr'IHH8 pHa3bIB8eTClI ooee

pume.nbHoii 6epoRmHocmbIO HJIH H8Ae)I(HOCTbIO, 8 HHTepBaJI I fJ- ooeepumens

HblM uHmep6aJlOM. rp8HHUbI AOBepHTeJIbHoro HHTepBaJI8 a) =Ii - 8, a2 =Ii + 8 

Ha3bIBaIOTClI (J06epume.nbHblMU lpaHUu,aMu. 

IiH6J1HOrpacIJH'IeCICHH CDHCOK 

rMypMaH B.E. PyKOBOACTBO K petuenmo 3a):\8q no reopasr
 

BepmlTHOCTeH H MaTeM8TH'IeCKOH CT8THCTHKe. M.: Hsn-so «BbIClIIalI
 

IDKOJI8», 1975.
 
rMYPM8H RE. TeopIDI sePOjiTHOCTeH H MaTeMaTH'IeCKOH CTaTHCTHKe. M. : 

113A-BO «BbICIIIalI IIIKOJIa», 1975. 

• ( .'l#, 

IIPHJIOlKEHIDI 

ITpHJImKeHHe 1 

Xl:1 --e 2Ta6J1Hua 3Ha..eoHH clJYHICUHH q>(X) = J2ic 
x 0 1 2 3 4 5 6 7 8 9 

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 3621 3605 3589 3572 3555 3538 

0,5 3521 3503 3485 3467 3448 3429 3410 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 1826 1804 1781 1758 1736 

1,3 1714 1691 1669 1647 1626 1604 1582 1561 1539 1518 

1,4 1497 1476 1456 1435 1415 1394 1374 1354 1334 1315 

1,5 1295 1276 1257 1238 1219 1200 1182 1163 1145 1127 

1,6 1109 1092 1074 1057 1040 1023 1006 0989 0973 0957 

1,7 0940 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 

2,0 0540 0529 0519 0508 0498 0488 0478 0468 0459 0449 

2,1 0440 0431 0422 0413 0404 0396 0387 0379 0371 0363 

L2,2 0355 0347 0339 0332 0325 0317 0310 0303 0297 0290 
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x 0 1 2 3 4 5 6 7 8 9 

2,3 0283 0277 0270 0264 0258 0252 0246 0241 0235 0229 

2,4 0224 0219 0213 0208 0203 0198 0194 0189 0184 0180 

2,5 0175 0171 0167 0163 0158 0154 0151 0147 0143 0139 

2,6 0136 0132 0129 0126 0122 0119 0116 0113 0110 0107 

2,7 0104 0101 0099 0096 0093 0091 0088 0086 0084 0081 

2,8 0079 0077 0075 0073 0071 0069 0067 0065 0063 0061 

2,9 0060 0058 0056 0055 0053 0051 0050 0048 0047 0046 

3,0 0044 0043 0042 0040 0039 0038 0037 0036 0035 0034 

3,1 0033 0032 0031 0030 0029 0028 0027 0026 0025 0025 

3,2 0024 0023 0022 0022 0021 0020 0020 0019 0018 0018 

3,3 0017 0017 0016 0016 0015 0015 0014 0014 0013 0013 

3,4 0012 0012 0012 0011 0111 0010 0010 0010 0009 0009 

3,5 0009 0008 0008 0008 0008 0007 0007 0007 0007 0006 

3,6 0006 0006 0006 0005 0005 0005 0005 0005 0005 0004 

3,7 0004 0004 0004 0004 0004 0004 0003 0003 OOO~ 0003 

3,8 0003 0003 0003 0003 0003 0002 0002 0002 0002 0002 

3,9 0002 0002 0002 0002 0002 0002 0002 0002 0001 0001 

i 
I 
I 

TIpHJIO)l(eHUe 2 I I 

OKOHQaHUe Ta6Jl. TIl I 

2 I 

f 
z 

x 

1 2 
Ta6JIHQa 3HaQeUHii 4»YHKQHH et>(x) = r;:.- e dz 

,,21l 0 

x i/>(x) X i/>(x) X i/>(x) X (/J(x) 

0,00 0,0000 0,22 0,0871 0,44 0,1700 0,66 0,2454 

0,01 0,0040 0,23 0,0910 0,45 0,1736 0,67 0,2486 

0,02 0,0080 0,24 0,0948 0,46 0,1772 0,68 0,2517 

0,03 0,0120 0,25 0,0987 0,47· 0,1808 0,69 0,2549 

0,04 0,0160 0,26 0,1026 0,48 0,1844 0,70 0,2580 

0,05 0,0199 0,27 0,1064 0,49 0,1879 0,71 0,2611 

0,06 0,0239 0,28 0,1103 0,50 0,1915 0,72 0,2642 

0,07 0,0279 0,29 0,114 0,51 0,1950 0,73 0,2673 

0,08 0,0319 0,30 0,1179 0,52 0,1985 0,74 0,2703 

0,09 0,0359 0,31 0,1217 0,53 0,2019 0,75 0,2734 

0,10 0,0398 0,32 0,1255 0,54 0,2054 0,76 0,2764 

0,11 0,0438 0,33 0,1293 0,55 0,2088 0,77 0,2794 

0,12 0,0478 0,34 0,1331 0,56 0,2123 0,78 0,2823 

0,13 0,0517 0,35 0,1368 0,57 0,2157 0,79 0,2852 

0,14 0,0557 0,36 0,1406 0,58 0,2190 0,80 0,2881 

0,15 0,0596 0,37 0,1443 0,59 0,2224 0,81 0,2910 

0,16 0,0636 0,38 0,1480 0,60 0,2257 0,82 0,2939 

0,17 0,0675 0,39 0,1517 0,61 0,2291 0,83 0,2967 

0,18 0,0714 0,40 0,1554 0,62 0,2324 0,84 0,2995 

0,19 0,0753 0,41 0,1591 0,63 0,2357 0,85 0,3023 

0,20 0,0793 0,42 0,1628 0,64 0,2389 0,86 0,3051 

0,21 0,0832 0,43 0,1664 0,65 0,2422 0,87 0,3078 
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OKOHQaHHe Ta6Jl. IT2ITpo.n:OJDKeHHe Ta6JI. I12 

X <P(x) X <P(x) X <P(X) X <P(x) 

0,88 0,3106 1,13 0,3708 1,38 0,4162 1,63 0,4484 

0,89 0,3133 1,14 0,3729 1,39 0,4177 1,64 0,4495 

0,90 0,3159 1,15 0,3749 1,40 0,4192 1,65 0,4505 

0,91 0,3186 1,16 0,3770 1,41 0,4207 1,66 0,4515 

0,92 0,3212 1,17 0,3790 1,42 0,4222 1,67 0,4525 

0,93 0,3238 1,18 0,3810 1,43 0,4236 1,68 0,4535 

0,94 0,3264 1,19 0,3830 1,44 0,4251 . 1,69 0,4545 

0,95 0;3289 1,20 0,3849 1,45 0,4265 1,70 0,4554 

0,96 0,3315 1,21 0,3869 1,46 0,4279 1,71 0,4564 

0,97 0,3340 1,22 0,3883 1,47 0,4292 1,72 0,4573 

0,98 0,3365 1,23 0,3907 1,48 0,4306 1,73 0,4582 

0,99 0,3389 1,24 0,3925 1,49 0,4319 1,74 0,4591 

1,00 0,3413 1,25 0,3944 1,50 0,4332 1,75 0,4599 

1,01 0,3438 1,26 0,3962 1,51 0,4345 1,76 0,4608 

1,02 0,3461 1,27 0,3980 1,52 0,4357 1,77 .0,4616 

1,03 0,3485 1,28 0,3997 1,53 0,4370 1,78 0,4625 

1,04 0,3508 1,29 0,4015 1,54 0,4382 1,79 0,4633 

1,05 0,3531 1,30 0,4032 1,55 0,4394 1,80 0,4641 

1,06 0,3554 1,31 0,4049 1,56 0,4406 1,81 0,4649 

1,07 0,3.577 . 1,32 0,4066 1,57 0,4418 1,82 0,4655 

1,08 0,3599 1,33 0,4082 1,58 0,4429 1,83 0,4664 

1,09 0,3621 1,34 0,4099 1,59 0,4441 1,84 0,4671 

1,10 0,3643 1,35 0,4115 1,60 0,4452 1,85 0,4678 

1,11 0,3665 1,36 . 0,4131 1,61 0,4463 1,86 0,4686 

1,12 0,3686 1,37 0,4147 1,62 0,4474 1,87 0,4693 

X <P(x) X <P(X) X <P(x) X <P(x) 

1,88 0,4699 2,12 0,4830 2,48 0,4934 2,84 0,4977 

1,89 0,4706 2,14 0,4838 2,50 0,4938 2,86 0,4979 

1,90 0,4713 2,16 0,4846 2,52 0,4941 2,88 0,4980 

1,91 0,4719 2,18 0,4854 2,54 0,4945 2,90 0,4981 

1,92 0,4726 2,20 0,4861 2,56 0,4948 2,92 0,4982 

1,93 0,4732 2,22 0,4868 2,58 0,4951 2,94 0,4984 

1,94 0,4738 2,24 0,4875 2,60 0,4953 2,96 0,4985 

1,95 0,4744 2,26 0,4881 2,62 0,4956 2,98 0,4986 

1,96 0,4750 2,28 0,4887 2,64 0,4959 3,00 0,49865 

1,97 0,4756 2,30 0,4893 2,66 0,4961 3,20 0,49931 

1,98 0,4761 2,32 0,4898 2,68 0,4963 3,40 0,49966 

1,99 0,4767 2,34 0,4904 .2,70 0,4965 3,60 0,499841 

2,00 0,4772 2,36 0,4909 2,72 0,4967 3,80 0,499928 

2,02 0,4783 2,38 0,4913 2,74 0,4969 4,00 0,499968 

2,04 0,4793 2,40 0,4918 2,76 0,4971 4,50 0,499997 

2,06 0,4803 2,42 0,4922 2,78 0,4973 5,00 0,499997 

2,08 0,4812 2,44 0,4927 2,80 0,4974 

2,10 0,4821 2,46 0,4931 2,82 0,4976 
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