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NMPEANCITIOBUE

HacToswee yyebHO-MeTOAMYECKOE MOCOOMe npeAHasHayeHo AN1d CTYAeHTOB
BbICLUMX YYeOHbIX 3aBefeHW, B KOTOPbIX MPeLyCMOTPEHO W3yYeHWe 3/1eMEHTOB
Teopumn BEPOATHOCTEN 1 MaTEMATUYECKOIN CTaTUCTUKM B 06beme Ao 108 yacos.

[na ycBoeHMs mMaTepuasia Mocoous [LOCTaTOYHO 3HAHWUA MaTemaTUyecKoro
annaparta B 06beMe 00bIYHOI Mporpammbl Mo Bbicweld maTtematuke (4o 320 yacos).
[Mocobue 3HAKOMWUT C OCHOBHbLIMW MOHATUSAMW M HEKOTOPbIMU METOoLamMn Teopuwu
BEPOSATHOCTENM WM MaTeMaTUYeCKOW CTaTUCTMKK, 3HaHWE KOTOPbIX HEobXoaumo BO
MHOIMX 06/1aCTAX TEXHUKN, 3KOHOMWUKW, YMPaBieHWs.

Teopusi BEpOATHOCTEN, 3apOAMBLUMCL B MPOLECCE aHaim3a asapTHbIX urp,
[laBHO MepeLlarHyna 3ToT pPybeX pasBUTUSA; CTaB HayKoi O Cny4vae, CryyaliHbIX
COBLITUAX U MpoLeccax.

3agaun mateMaTMyecKou CTaTUCTUKKN CBS3aHbl C pa3paboTKon MeToA0B cbopa
M 00pabOTKM  CTAaTUCTUYECKUX  [AaHHbIX  Pas/IMYHbIX  SBMIEHWA,  OMbITOB,
9KCMEepMMEHTOB, MNPOLECCOB  TEXHMYECKOro, MNPOU3BOACTBEHHOrO, COLMA/IbHO-
9KOHOMMYECKOro W ApYroro xapakTepa C Lefbio NosyyeHUss HayyHO A0CTOBEPHbIX
3HaHWIA O HUX.

Mocob6uie MeEeT CrieaytoLLyto CTPYKTYPY.

Pasfen Teopumn BepoSiTHOCTEN BK/IOYAeT AeCATb TEM.
Pasfen MaTemMaT M 4YeCKOM CTaTUCTUKN — CEMb.
MNogpasgensl BKAKOYaKoT:
» OCHOBHble NMOHATUSA N (DOPMY/Ib;
» NTeparypy;
» TUNOBble MPUMepbI;
» MeTOANYEeCKMe YKazaHWs;
> YNPaXKHEHWUS.
[Mpumepbl, NpMBOAMMbIE B TEKCTE MOCOOWA, WrpalT BaXKHYH po/b B
Pa3bACHEHNM W YCBOEHUW OCHOBHbIX MOHATUIA. WX pekomeHAayeTcs pasbupathb
NMoApo6Ho.
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PA3AE/ 1. TEOPUA BEPOATHOCTEWN

1.1. MpeameT Teopun BeposiTHOcTel. OCHOBHbIE MOHATUS

Teopuss  BEPOSITHOCTEM  3aHMMaeTCsi  pa3paboTKOM M U3YYeHUEM
MaTemMaTUYecKMX MOAENel Cny4anHbIX COObITUIA, HOCALWMX MaCCOBbIA XapaKTep
06/1ajal0LLMX CTAaTUCTUYECKOW YCTOMYMBOCTBIO NMapaMeTpoB, XapaKTepusyoLwmx aTm
cobbITUA.

CobblTMeM Ha3blBaeTCA pe3ynbTaT Hab/ogeHNs, OnbiTa, UCMblTaHUs. YToObl
COObITVE MPOM3OLLIO0 HEOOXOAMMO BbINOHEHME Psaa YCNOBUIA — S,

CobbITna 6bIBatOT 4OCTOBEPHbIe (0603HAYaeTCA AOCTOBEPHOE COObITME Yepes
U), HeBO3MO>KHble (0603HauaeTcs Yepes V) 1 cryvaiHble.

JlocToBepHoe cob6bITNE 0653aTeNIbHO NPOUCXOAUT MPU 33faHHbIX YCIOBUAX S
onbITa. HEBO3MOXHbIE HE MPOMCXOAAT.

CnyyalriHblM COObITMEM Ha3blBaeTCA COObITME, KOTOPOe MpW BbINOSIHEHNM
YCNOBMI S MOXET MPOU3OWTU WM He NPOM30MTU. Hanpumep, BbinageHune repba
(peLuKn) npm 0gHOKPATHOM 6POCAHNN MOHETbI.

CnyuyaliHble cObbITUS NoAPa3AeNATCS Ha:
» 3aBUCUMbIE;
» HesaBUCUMBbIE;
» COBMECTHbIE;
» HECOBMECTHbIE;
» PaBHOBO3MOXHbIe M T.M.

O603HavaloTCs  CryyaliHble COObITUA 3arfiaBHbIMKW OyKBaMW NATUHCKOMO
angasuta A, B, C,....

MpocTenLunin (Hepas3noXXmMMblif) pesynbTart onbITa Ha3bIBaeTCH
3/IEMEHTapHbIM COObITMEM WM MUCXOLOM U 0603HaYaeTca yepe3 o. Mpu onbiTe
HEM30eXXHO HacTynaeT KakKoW-TO MCXO0f W TOMbKO OAMH. Mcxom — nepBUYHOE
((hopmanbHO He onpefenseMoe) noHATME. MHOXECTBO BCEX BO3MOXHbIX WMCXOLOB
OMbITa Ha3bIBAETCS NPOCT PAHCTBOM 3/IEMEHTapHbIX COObITUIA 1 0603HaYaeTcs Q.

BBeeHMe NPOCTPaHCTBa 3M1EMEHTapPHbIX COObITUIA NO3BONSIET (hOPMasIbHO
ONpeaennTb CAy4ailHoe Cob6bITME — 3TO /NH060E MHOXECTBO WCXOAOB, T.€.
MOAMHOXECTBO npocTpaHcTBa Q. Mcxodbl, M3 KOTOPbIX COCTOMT COObITUE A,
Ha3bIBatOTCS GnaronpusaTHeIMU AnA A (o e Ac Q).

Cob6biTie A HacTynaeT Npu OMbITeé TOrAa M TONbKO TOrAa, KOrAa HacTynatoT
GnaronpusaTHbIe 419 HEro UCXOApbI.



OueBMAHO, MHOXeCTBO ) eCTb JOCTOBEPHOE COObITME, MYCTOE MHOXECTBO
ncxopos (<) — HEBO3MOXHOE, HECOBMECTHbIE COObLITUA He COoAepXKar O6LLmMX
6naronpUATHbLIX UCXOA0B.

Cuctema cny4aiiHblx co6bITUn. MHOXecTBO cobbiTuii {Ay, A, ..., An}
Ha3blBaeTCA CUCTEMON COObLITUIA, €CNIKM 3TO MHOXECTBO He COAEPXWUT HW OLHOWA
napbl paBHbIX COOLITMIA. ECKM BCe COOLITUA B CUCTEME MOMApHO HECOBMECTHbI, TO
OHa Ha3blBaeTCA CUCTEMON HECOBMECTHbIX COObITWIA. MocnegHss Ha3blBaeTCA
MOMHOM CUCTEMOM, EC/N ee 3/1EMEHTbI 06pa3ytoT A0CTOBEPHOE CobbITHE U, T.€.

> A=U.
i=1
Nntepatypa [5, C. 7-15; 13, C. 12-29; 10, C. 21-30].

Tunosble Npumepsbl
1. OgHopa3oBoe noAbpacbiBaHKe UrpasibHOM KOCTU.

Mpn 3TOM wUCMbITaHUM MHOXEeCTBO ucxogoB Q = {wi}, rae (w; = «npu
nogbpacbiBaHum Bbinana uudgpa i» (i=1, 2,..., 6).

CoObITMAMU MOTYT 6bITb, HANPUMEP, CeAYHOLLME:
A = «BbINas0 YETHOE YNC/IOY;

B = «BbINaso HeYeTHOE YMCNO0»;

C = «BbINaso Yncno, gensueecs Ha 3».

Cobbitna A, B n C BblpakalTcAd 4epes o; U ABAATCA CNOXHbIMM
(cocTtaBHbIMM). OUYeBMAHO, YTO A MPOUCXOAMT TOr4a 1 TONbKO TOrAa, Korga UMeroT
MECTO UCXOAbl My, NN my4, WU mg. B 3TOM cnyyae nuwyT

A= {coz,o)4,c06}.
AHanorn4yHo,
B = {0, 03,05, C={os, 0.

B paHHOM npUMepPe MNnpocTpaHCTBO 3NEMEHTAPHbLIX cobbITnin Q cocTouT ”3
LeCTn 31€EMEHTOB.



2. PU3MK-3KCrnepuMeHTaTop 0OCTPe/IMBAET HEKOM 3/1eMeHTapHON YacTuLen
KBapaTHbIA 3KpaH.

cxogamuy aToro ncnbitaHus 6yayT nonagaHvs B TOUKW KBagpaTa. Beegem Ha
M/IOCKOCTM 3KpaHa MNpPAMOYrofibHyt0 cucteMy KoopamHat xOy. Torga MHOXeCTBO
BCEX MCX0A0B m = (X, ) MOXHO 3anucaTb B BUe

Q={o}={(x,y): —a<x<a, —a<y<al.

3/1ecb MHOXKECTBO MCXO/0B MCMbITaHUS HECUETHO. CNOXHbIE COObITVS MOTYT
OMpefienaThCs Kak Mo0ble NMOAMHOXKECTBa KBagpaTa. Hanpumep, A = «nonafgaHue
YaCTMLbl B 3aMKHYTbII KPYT C LIEHTPOM B Hauasne KOOpAMHaT paauyca r »(r < a).

MeToamnyeckne ykasaHud

CnepyeT BHUMaTe/IbHO NPOYMTaTh, BO3MOXHO MHOrOKpaTHO, MaTepuan,
yKasaHHbIi B pyopuke «JluTepaTypa», OCMbICIUTb MNPUBEAEHHbIE B [JaHHOM
noapasgene 6a30Bble TMOHATUA TeOPUM BEPOATHOCTER, WX NPAMYIO CBSI3b C
peasibHbIMU SBNEHUAMM XXMU3HW. [19 3TOr0 PeKOMeHAYeTCsa KpOMe BHUMATEIbHOIo
PacCMOTPEHMUS NPUBEAEHHbIX TUMOBLIX NPUMEPOB, UNOCTPUPYIOWNX 06pa3oBaHme
MPOCTPaHCTBA 3/1IeMEHTAPHbIX COOLITUIA Q N CNyYalHbIX COObITUIA, CAMOCTOATE/NBHO
NPUBECTU W 3a()MKCMPOBaTb B CBOEM KOHCMeEKTe MOAO06Hble ABa-TpU npumMepa u3
cthepbl IMYHBIX NN MPODECCUOHASIbHBIX NHTEPECOB.

YnpaxHeHUsA

1. CKO/IbKO 3M1eMEHTAPHbIX COObITUI MOXET UMETb MeCTO NP ABYKPATHOM
nofbpacbiBaHUN UrpasibHOW KOCTN?

2. CKO/IbKO 3/1eMeHTapHbIX COObITUI BO3HWKAET NpW NATUKPATHOW CTpesbbe
B LUenb?

3. MoHeTa nog6pacbiBaeTca Tpy pasa nogpsasg. MocTpomTs NpocTpaHcTBo Q.
Onucatb cobbiTe A, COCTOSLLEe B TOM, YTO BbIMasio He MeHee [ABYX
«repboB».



1.2. Onepauunn Hag cobbITUAMU. Anrebpa cobbITUI

Onepauun Hag coBbITUAMIN U X 3aMNNCb aHaNOrMYHbI MPUHATLIM B OMepaumsx
HaJ MHOXXECTBaMM.
3anncb ®; € A 03Ha4aeT, YTO ®; eCTb BJ1AronNPUATHLIA UCX0A CobbITUA A, a

®; € A — ®; He eCTb TaKOBbIM.
3anucb A — B 03HayaeT, YTO coObITME A BNeYeT 3a coboin cobbiTne B. Ecnun
AcB, a BcA 10 cobbitus A 1 B HasblBalOT paBHbIMU (3KBUBAIEHTHbLIMN,

paBHOCU/IbHbIMW) 1 3anucbiBaloT A = B.

Cymma cobbiTit A n B ectb cobbitne C, 3anucbiBatoT C=A+ B wnm
C = AU B, cocTosllege B HacTynaeHun nnéo A, nmbo B, nmbo ob6omx cobbiTuiA B
OfHOM orbiTe. Ecnv cobbitna A 1 B onpeaenstoTcs 3/1eMeHTapHbIMU COObITUAMMU,
T.e. A={w}, B={¢i},10

C={mi} v {oi}.

Pa3HOCTb coObITMIN A 1 B ecTb cobbiTne C = A — B, cocTosLee B TOM, 4TO A
npoucxoauT, a B He nponcxoamT.

MpounsseneHne cobbiTii A n B ectb cobbite C = A B umm C = A N B,
cocTosiLLee B HacTyneHun obounx cobbitnid. Ecnn A = {w;}, B = {¢;}, T0 cobbiTne C
onpegenseTcs 06LMMN 3N1EMEHTAPHBLIMU COOLITUAMMK, BXOAALWMMN U B A 1 B B.

Onepaunn CNoXKeHNs 1 YMHOXEHUS COObITUIN 0606LLa0TCA Ha MPOM3BO/bHbIE

(KOHEUHoe MM cYeTHoe) uncno cobbithii (A ), (k =1,n):

C-AtAtt A=A, CoA-A A=A,
=1 k=1

Co6bITie A eCTb NPOTUBOMOMOXHOE COBLITUIO A. 3TO COBbLITUE 03HAYAET, UTO
CO6bITUE A He MPONCXOANT.
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MpunBeaeM Npasuna BbIMNOHEHUS Onepauuii Haf COBbITUAMN.

1. A+A=A 10. A+U=U
2. A+B=B+A 11. A-V=V

3. A+ B+C)=(A+B)+C 12. A-U=A

4. AB=BA 13. A+B=A+B
5. AA=A 14. A+B=AB
6. ABC)=(AB)C 15. U=V

7. AB+C)=AB+AC 16. A+A=U
8. A+(BC)=(A+B)(A+C) 7. A-A=V

9. A+V=A 18. A=A

STV NpaBUNa Nerko NPoBepsOTCs C MOMOLLbIO KpyroB Jiinepa.

Anrebpa cobbiTin. Cuctema cobbITUIA S, HasblBaeTCA anrebpoin cobbITUiA,
€C/I1 BbINOJIHAKTCA CNefytoLLme YCnoBus:

1) QeS,.

2) N3 Toro, uto AeS, n BeS,, cnegyer, uto ABeS,, A+BeS,,
A\BeS,.

Anrebpa cob6bITUN Ha3blBaeTCA G airebpoil, ecim m3 TOro, 4to A, €S,,

n=12...,cnepyet [ JA, €S,, [1A €Sa.
n=1 n=1

Nutepatypa [5, C. 11-14; 13, C. 18-27; 10, C. 21-26].

Turnosble NpUMepsbI

1. Myctb A, B 1 C — cnyyaiiHble cobbITMA. 3anucaTtb CObbITUSA, COCTOALLME B
TOM, 4TO M3 A, B, C npomn3sowwnu (npon3soLuso):

a) BCe TPW COoObITUS;

6) No KpaiHei Mepe 0AHO COObITUE;

B) TONIbKO OZHO COObITUE A;

r) cobbiTve A n B, n He nponsowwsio cobbitre C .
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PeweHwune

a) UMeeT MecTo cobbiTe D=A-B-C’,
6) npounsownv unu A, unu B, nnm C , unn nobble ABa U3 HUX, UK BCe BMECTE,
T.€. UIMEEeT MecTo cymMma cobbiTmin D =A + B + C;

B) A — HacTynuno, B n C — HeT, T.e. nponsowwnv B u C, cnefosatenbHo
D=A-B-C;

r) aHanormyHo, D=A-B - C .

2. Mpu Kaknx cobbITnAX A 1 B BO3MOXHO paBeHCTBO A + B = A?

PeweHwune

YKa3aHHOe paBeHCTBO 03HA4aeT, YTo CcobbITME A BKIKOYAeT B cebs cobbITHe B.
3. YnpoctuTb BbipakeHne (A + B) - (A + B), rae A n B — cnyuaiiHble
COObITHA.

PeweHwune

icnonb3ys CBOMCTBa onepauuii Haf CoObITUAMK, NONYUNM

(A+B)-(A+ B)=AA+AB+ AB + BB =
=A+AB+B)+V=A+A-U+V=A+A+V=A

MeToanyeckune ykasaHusa

MpuBeAeHHbIE NUTepaTypHble WCTOYHMKM [OCTaTOYHO MOJIHO OCBELLaT
BOMPOCbI 3TOr0 noapasfena. [ANs Ny4yllero YCBOEHWS [aHHOro Matepuana
PEKOMEH/IYETCS CaMOCTOSATENbHO NpUAaymaTh [ABa-TPU MPUMEPa, OPUEHTMPYACH MpW
3TOM Ha NPUBEAEHHbIE TUMOBbIE NPUMEPBI.
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YnpaxHeHus

1. Haypady nogbpacbiBaeTcd urpasibHas KocTb. MycTb A = «BbIMano YeTHOe
yncno»; B = «BbINano uMCno MeHblue Tpex». OnucaTb cobbITus: A, B,
A+B,A-B,A+B,A-B, A-B,(A-B).

2. W3 25 ctygeHToB 20 yBnekaroTcsa cnoptom (cobbitve A), 9 — My3bIKOW
(cobbiTe B) 6 — my3bIKoil 1 cnoptom (cobbiTne A - B). C nomoulbto
Kpyros Jiinepa BbIICHUTb, B YeM COCTOAT cobbITUs A - B, A -B, A+B.

3. YNpoCTUTb BbIpaXXeHne Ans cobbIThs

(A+B)-(A+ B)- (A +B).

4. CoBMeCTHbI nn cobbiTua Au A-B?

1.3. OTHOCMTENbHAsA YacToTa C/ly4YaiiHOro cobbITus,
ee YyCTOUMBOCTb. BeposiTHOCTb COBLITUS, ee onpefeneHmne

OTHOCMTENbHON  4acTOTOM  C/y4alHOTO  COObITMS  (CTATUCTUYECKOM
BEPOSITHOCTbIO) Ha3bIBAETCA OTHOLUEHWE uucna (T) CnyyaB MOSIBNEHWUS 3TOrO

A m
CO6bITUA K 06LLeMY Ymcny (M) NPOM3BELEHHBIX UCTIbITAHWUI — () :
n

~ m
B pasHbIX fOCTaTOYHO 60bLLMX cepnax ncnbiTaHMM OTHOLLEHWE (j, KaK
n

MOKasblBalOT MHOMOYMUC/IEHHbIE OMbITbl, 06/M1a4aeT ONpeaeneHHOW YCTONYMBOCTbIO,
T.e. YAC/OBbIE 3HAYEeHNA YKa3aHHOro OTHOLLUEHWNS TPpYnnupyroTCa OKO0 HEKOTOPOro
MOCTOSHHOrO  uucna. Hanpumep, aHrnninckuin - matematmk  Kapn  TupcoH
nopbpacbiBasi  MOHeTy 24000 pa3. [lpu 3tom rep6 Bbinan 12012 pas

m 12012
—=-———=0,5005.... Apyrve nofobHble WCMbITaHNA TaKXKe [alT 3HaAYeHune

n 24000

m
OTHOLUEeHWSA (j 6nm3koe K 0,5.
n

YCTORUYMBOCTb OTHOCUTENbHOW 4YacTOTbl MOXET ObITb OOBSCHEHA, TOMbKO
MPOsIBNEHNEM OOBEKTMBHOIO CBOICTBA CNy4aliHOTO COGbLITMS, 3aKNOUatoLLEerocs B
OnpeaeneHHON CTemneHW ero BO3MOXHOCTW. Takasi BO3MOXKHOCTb KOMMYECTBEHHO
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OnpeaenseTcs NOHATMEM KlacCUYeCKasi BePOSTHOCTb.

Knaccmnyeckoi BepoAsTHOCTbIO CyyaiHOro cobbitust A (o6o3HadvaeTcs P(A))
Ha3blBAETCA OTHOLLUEHME 4mucra 3MeEMEHTaPHbIX COO6bITUIA, 6NaronpUATCTBYHOLLNX
CO6bITUIO A, NPEAMNONOXMM TaKOBbIX T, K 06LLeMY Ymcy coobITuiA — n. Torga

P(A)="". (11)

CeomeTpuyeckasd BepOATHOCTb. ATa BEPOATHOCTb pacCcMaTpUBaeTCs B Cy4vae
C/TIOXHbIX COObITWA, KOrfga MpPOCTPaHCTBO 3/IEMEHTAaPHbLIX COObLITMIA € cofepXuT
OeCKOHEeYHYI0 NocnefoBaTe/lbHOCTb MCXO0B, a HEKOE COObITVE A MHTEpPMpeTUpYyeTCs
Kak BbIGOpP HayJady TOUKM M3 MOAMHOXeCTBa (A") HEKOTOPOro OrpaHWYeHHOro
MHOXecTBa () N-MEpHOro eBKNWOBa MPOCTPaHCTBA. B uacTHOM cryuae, 370
MOXeT OblTb OTPe30K, YacTb MaocKocTM (cm. mpumep 2 n. 1.1), npoctpaHcTBa. B
06LLeM cyyae Mnof reOMeTpUYecKor BepPOATHOCTLI0 MOHMMAETCS YMCO

P(A)="4, (1.2)

roe H(A*), p(Q*) — Mepbl MHOXecTBa A™ 1 ©Q (Ha NPAMON — [/IUHbI, Ha NJIOCKOCTU —
naowaam, B MpoCTPaHCTBe — 00bEMBI).

Hanbonee o6LLee NOHATUE BEPOATHOCTU, 0XBaTbIBatOLLEe NPUBELEHHbIE BbiLLe,
OnpesesieHHo Mpy  akCMOMATMYECKOM  MOCTPOEHUW  TeOpun  BEPOATHOCTEMN,
OCYLLECTB/IEHHOE BbljatoLLmmMes matemaTkoMm A.H. Kosnimoroposbim (1903-1987.)

Uncnosasa yHKUms P(A) onpefenseTcs Ha anrebpe coobITUIA S, ABNAIOLLENCA
c-anreéponi (cm, n. 1.2) cnegytowmmM o6pasom.

[C0BOPAT, UTO Ha c-anrebpe S, 3afaHO pacnpefenieHne BEPOATHOCTEN, ec/un
KaXaoMy cobbITMi0O A € S, OlHO3HAYHO MOCTaBfieHO B coOoTBeTCTBUE ymncio P(A),
Ha3blBaEMOE BEPOATHOCTHIO COObITUA A TaK, YTO BbIMOMHAKTCA CleAytoLLme
YCNOBMS (aKCUOMbI TEOPUN BEPOATHOCTEN):

1.0<P(A)<1.

2.P(U) =1.

3. Ecnm cobbitns A e S, (n = 1,2,...) NonapHO HecoBMeCTHbl (A -A; =V,

1= j;1)=12..),T0
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0

(Sa)-Se(a)

CoBOKYNHOCTb Tpex 06bekToB (€2, S;, P(A)), B KoTOpoil S, ABNseTCA
c-anredpon ¢yHkuma P(A) yaooBneTBopsieT akCMOMaM Teopuu BEPOSITHOCTEN,
Ha3blBaeTCA BEPOATHOCTHbLIM MPOCTPaHCTBOM.

Nntepatypa [5, C. 15-30; 13, C. 29-37; 10, C. 26-36].

TunoBble NpUMepbI

1. Kyb6, BCe rpaHM KOTOPOro OKpalleHbl, pacnuieH Ha 1000 Ky6ukos
O[MHaKoBOro pasmepa. lMonyyeHHble KyOUKK TLLaTeNbHO NepemeluaHbl. OnpeaennTb
BEPOATHOCTb TOrO, UTO KYOWK, W3BMEYEHHbIW Hayaady, O6yaeT WMeTb [Be
OKpaLLeHHble CTOPOHbI.

PeweHne

Ky6 nmeeT 12 pebep, Ha KaXAOM U3 KOTOPbIX, OYEBUAHO, MO 8 KyOWUKOB C
[BYMS OKpaLLEHHbIMW CTOPOHaMW. [03TOMY YMCIO0 UCXOA0B, 6/1aronpPUATCTBYHOLLMX
N3B/IEYEHNIO KybMKa C ABYMS OKpalleHHbIMW CTOpoHamu (cobbiTwe A) paBHO
T =812 =96. O6uee uncno ncxogos n = 1000. OTcroga

——=0,096.

P(A)= r: - 1330

2. CTyaeHueckas rpynna, cocTosllas U3 NaTHaaUaTh AeByLUeK U ABeHaALaTy
lOHOLLIEli, BbIOMpPAaeT MO XKPebW Tpex npeAcTaBuTeNeld Ha NPOGICOIO3HYHO
KOH(hepeHUMn. KakoBa BEPOSITHOCTb TOFO, YTO CPeAM NpPeACcTaBUTENel OKaXKyTCs e
[EBYLLKWU U OAVH HOHOLLA?

PeweHne
O6LLiee unCo PaBHOBO3MOXHBIX MCXO/0B BIGOPA M0 Xpebuto n=C5, (41cno
coyeTaHuin n3 27 no 3). CobbiTe A = «BblOOP ABYX AEBYLUEK M OAHOrO HOHOLLN»
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COLlEPXKMT 61aronpUATCTBYHOLWNX UCXOL0B M = C Cllz, rae C15 — YMCNI0 CoYeTaHUK
13 15, no 2 onpegensier KoMYeCTBO BapuaHTOB BO3MOXHOI0 Bbibopa [BYX AeBYyLUEK,
a C,,=12 — Bblbopa IoHOWeEW. WX npousseseHne U [aeT  uYMCIO
6naronpuATCTBYHOLLMX COBbITUIO A ncxogos. OTcroaa

2 A1
mzcls‘clz

3
n 27

P(A)= =0,4308

3. M3 npomexyTtka [0, 2] Haygady BblOpaHbl [Ba uMcna X U y. Haitu
BEPOATHOCTb TOTO, YTO 3TV YMUC/A Y/OBNETBOPAIOT HEPABEHCTBY X* < 4y < 4X .

PeweHne

Byaem MHTEPNPETUPOBATbL YKa3aHHbIM BbIOOP [ABYX YMCEN KaK BbIOOP Haydauy
TOUukM M(X,Yy) M3 MHOXKECTBA BCEX TOYEK KBajpaTa CO CTOPOHOI paBHOW [BYM.

PaccMOTPUM MHOXECTBO A’, npefcTaBnsiollee co60Oi TOUKM KBagpata
(MHOXECTBO '), KOOpPAMHATbI KOTOPbIX Y/OBMETBOPSIOT ABONHOMY HEpPaBeHCTBY

x2 <4y <4x. (puc. 1.1).

y =
2 .
_x
b 4
0 ¥

Puc. 1.1
CobbiTve A = «aBa uncna u3 [0, 2] y40BNeTBOPSIOT YCI0BUIO X* < 4y < 4X»

MPOVCXOAUT TOrAa U TOMBKO TOrAa, Korda Touka M(X,y) npuHagnexut obnactn A’
Mo dopmyne (1.2) MCKOMast BEPOATHOCTb PaBHa OTHOLLIEHMIO NOLaan hurypbl Q K

nnoLlaamn Keagpara:
2
I[x - jdx
P(A)=" 1

4 3
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MeToanyeckune ykasaHus

Cnegyet ACHO MpeacTaBnATb, UTO MMOHATME  BEPOATHOCTM  AB/SETCH
MepBMYHLIM, OCHOBHbIM MOHATMEM, 1 B 00LLIEM C/ly4Yae ero Hesb3s ONpeaevThb Yepes
6onee npocTble MOHATUSA. TOMbKO B HEKOTOPbLIX OTHOCUTE/IbHO MPOCTbIX CXeMax
BEPOSATHOCTb MOXET ObITb BblUMC/IEHA HEMOCPEACTBEHHO. YunTaTesto peKomMeHyeTCs
CaMOCTOATE/IbHO, MO aHaNorMm ¢ NpuBeAeHHbLIMU TUMOBLIMU NpUMepaMn NpUaymMaTb
MPUMepPbI, B KOTOPbIX BEPOSTHOCTb COOLITUS MOXET ObITb BblYMC/IEHA MO MPOCTOWA
CXeMe.

O6paTvM BHMMaHWe yuTaTeNst Ha CNeaytoWwmnini MHTEPECHbIA (akT. Tak, ecnu
P(A)=1, TO npu KNacCUYeCKOM OMpedeneHnn BEPOATHOCTU COobbITME A —
[OCTOBEpPHO. [lpy  reomeTpuyecKOM Moaxofe 3TO  3aK/NHOYeHWe  HEeBepHO.
[leficTBUTENbHO, Bblfenss B paccmaTpusaeMoit o6nact Q n060e NoAMHOXECTBO
Mepbl HYNb (HAa OTPe3Ke KOHeYyHOe WM CYETHOE YMC/I0 TOYEeK, YacTu MIOCKOCTU —
NVHUIO U T.[A.), Mepa OCTaBLUeCs 4acTu o6nact € 6yAeT No-npeXxKHeMy pasHa
Mepe Bcell 06nacT Q. Mo3TOMy BEPOATHOCTb MOMafaHns TOUKW B OCTaBLLYHOCH
yacTb obnactM 6yaeT paBHa eauHuue. OfHako, 3TO COObITUE He SABNAeTCH
[IOCTOBEPHbIM, T.K. BO3MOXHbI MOMagaHWsi B BbleNeHHYHD 4acTb 006nacTu.
AH/I0MMYHO BEPOATHOCTb MOMAaJaHNs TOUKM B BblOENEHHYI0 YacTb 06nact
paBHa Hy/Mt0, B TO BpPeMsA KaK 3TO COObITME ABNAAETCA BO3MOXHbIM. ITOT (aKT
cneflyeT yumTbIBaTb NPV reOMEeTPUYECKOM Moaxoae K onpeaeneHnio BEPOATHOCTMY.

YnpaxHeHUsA

1. OTaen TEXHUYECKOro KOHTPOS 06HapyXun B naptum u3 1000 nagenuii 20
OpakoBaHHbIX. HaliTM 4acToTy W3roToBMEHWA  GpakoBaHHOIO W
HebpakoBaHHOI 0 N3eNus.

2. B Havane KoopauHaT pacrosiokeHa NoABMXKHAA TOUKa. Kaxayt CekyHay
OHa C paBHOM BEPOATHOCTHLIO CMELLAeTCst MO BEPTUKaIM Ha eAVHULYY BHU3
nméo BBepX. CKONbKO BpemMeHM Toyka OyAeT HaxoauTbCs Ha
MOIOXKUTENBHOW NOMYOCU KOOpAMHAT, ecnv Habnogathb 3a Held 30 ¢?

3. OpHOBpemMeHHO Haydayy nofbpacbiBatOT [iBe UrpasibHble KOCTU U Cnefat
3a cobbITUAMKN: A = «CyMMa BbIMaBLUMX YKCen paBHa 7» U B = «cymma
BbIMaBLUMX Yncesn paBHa 8». UTo BeposTHee: cobbiTne A unu B?
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4. TMocne 6ypn Ha yyacTke mexgy 40-m u 70-m KuiomeTpamuv JIMHUK
afneKTponepeaayn npousoLen obpbiB nposoga. Kakosa BEPOATHOCTL TOrO,
4TO 06pbIB Npoun3soLLen Mmexay 45-m 1 50-M KnnomeTpammn IMHUN?

1.4. YcnoBHas BePOATHOCTb. He3aBNUCUMOCTb COObITUIA.
Teopema YMHOXEHNSA N CNIOXKEHNS BEPOATHOCTEN

YCNOBHOM BEPOSSTHOCTbLID COObITUS A HasbIBaeTCA BEPOSATHOCTb  €ro
MOABMIEHNSA, BbIYUCNEHHAA B MPEAMNONIOXKEHNN, 4YTO MMeeT MecTo cobbiTue B.
O6o3HavaeTca — P(A/B). CobblTns Aun B Hesasucumsl, ecnn P(A/B) = P(A).

BepoAaTHOCTb Npon3BeLeHNs ABYX COObITUIA OnpeaenseTcs no opmyne

P(AB) = P(A)P(B / A) = P(B)P(A / B), (1.4)

KoTopasi 0606LLaeTca Ha Npou3BedeHne N COObITUIA:
P(ﬁl/x} =P(A)P(A, | A )P(A AlAz)---P[An /'ZA] (15)

CobbiTna A, A,,..., A, He3aBUCUMbI B COBOKYMHOCTM, €CAN ANA N0ObIX T
(T=23,....,m)nmobbixk; j =1,2,...,n) 1<k, <k, <..<k, <n

fin-fira)

BeposATHOCTb CyMMbI [IBYX COObITWIA OnpesenseTca rno qopmysne
P(A + B) = P(A) + P(B) - P(AB). (1.6)

Ncnonb3yss npaBwna onepauvin  Hag COObLITUAMW, HETPYAHO NOAYYUTb
(hopmyny Ans cnyyas Tpex cobbITUiA

PA+B+C)=P(A+(B+C))=PA)+PB+C)-PAB+C)) =

=P(A) + P(B) + P(C) - P(BC) - P(AB + AC) =

= P(A) + P(B) + P(C) — P(BC) — P(AB) — P(AC) + P(ABC), KOoTOpYt0 Nerko
0606WKNTL Ha 60/bLLIEE YACIO COOLITUIA.

Nutepatypa [5, C. 31-34; 13, C. 41-42; 10, C. 40-44].
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Turnosble NpUMepsbI

1. Pa3pbIB 3M1EKTPUYECKON LENn MPOUCXOAUT B TOM Clydae, KOraa BbIXOAUT U3
CTposi XOTA Obl OAWMH W3 TpPex MocneAoBaTe/lbHO COeAMHEHHbIX 3/1EMEHTOB.
OnpegenniTb BEPOATHOCTb TOrO, YTO He OydeT paspbiBa LEnW, ecinm 371eMeHTbI
BbIXOAAT N3 CTPOSA, COOTBETCTBEHHO, C BepoATHOCTbIO 0,3; 0,4 n 0,6. Kak n3meHUTCH
MCKOMasi BEPOSATHOCTb, €C/IN BTOPOW 3/1EMEHT He BbIXOAUT U3 CTPOS?

PeweHne

ickomasi BEpOATHOCTb P paBHa BEPOSATHOCTM TOrO, YTO BCE TPWU 3/1EMeHTa He
BbIAAYT 13 CTPOA. B cuny He3aBMCMMOCTM OTKas3a B paboTe KaXAoro u3 aTux Tpex
3N1eMeHTOB creayet

P=(1-0,3)(1-0,4)(1-0,6)=0,7-0,6-0,4=0,168.
Ecnu BTOPOI1 3N1EMEHT He BbIXOAUT U3 CTPOS, TO
P=0,7-04=0,28.

2. OnpefennTb BEPOATHOCTL TOrO, YTO BbiGpaHHbIe Haydavy u3fenne ABAseTCs
MepPBOCOPTHbIM, €CIM W3BECTHO, 4TO 4% BCceli npoaykumMm ecTb 6pak, a 75%
HebpaKoBaHHbIX M3AeNNiA - NepPBbIA COPT.

PeweHne

[MycTb cobbITME A = «BblOpaHHOE n3aenne HebpakoBaHHOE», B = «BblbpaHHOE
n3[enme NePBOCOPTHOE». TOrAa OYEBNAHO

P(A)=1-0,04-0,96;, P(A/B)=0,75.

ckomas BeposaTHocTe P = P(AB) = 0,96 - 0,75 =0,72.

3. B flWmMKe HaxoguTcst N W3AENNA, U3 KOTOPbIX T CTaH4apTHbIX. HaiTu
BEPOATHOCTb TOr0, YTO cpean K Haydauy M3B/eYEHHbIX AeTaseil XoTa Obl 0gHa byaeT
CTaHAapTHOMN.

PeweHne
O603HaunM uepe3 A uUckomoe cobbiTre. P(A) = 1 — P(A). A — cpeau
N3BNEYEHHbIX [eTaneil HET HU OfHOVW CTaHAapTHONM. HecTaHAapTHbIX fAeTaneli n-T,
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k

N3 KOTOPbIX K PpasnMyHbIX HEeCcTaH4ApTHbIX [JeTaneid MOXHO Bbl6pate C,

cnoco6amu. O6Lige YncIo cnocoboB BhIGopa U3 N AeTanel k pasnmuHbIX pasHo Cf.

OTtcroga

k k
P(ﬂ): Cé—km _ Chom

;. P(A)=1 o

MeToanyeckune ykasaHusa

MpuBefieHHbIE NNTEPATYPHble WCTOYHUKM [0CTAaTOYHO MOSIHO OCBELLAOT
BOMPOCHI [aHHOM TeMbl. MpU UCMONb30BaHUM (HOPMYN YMHOXEHMS U CNOXKEHWS
COObITUI BAXHO YSICHWUTL SBASIKOTCS /M PACCMATPUBAEMbIE COBLITUS COBMECTHBIMU
MAN HeT. STOT (haKT 3a4acTylo HesiBHO BbIpaXatoTCs B YCNOBMAX 3agaun. Cnenyet
TaKXXe BHUMATe/IbHO Pa306paTb MPUBEAEHHbLIE TWUMOBbIE MPUMEPLI U MOMbITATHLCS
CamMOCTOSITENIbHO MOBapPbMPOBAaThb YCNOBUS B HUX.

YnpaxHeHusA

1.

MycTb cobbITUs A 1 B TakoBbl, uto P(A)= ;
COBMECTHbI I OHK?

BepoaTHOCTL Bbixogda 13 cTpos k-ro 6/10ka KoMnbroTepa 3a BpeMsa T paBHa
P (kK = 1,2,..n). Onpegenntb BEPOATHOCTL BbIXO4A W3 CTPOSA 3a
yKasaHHbI1 neprog XoTs Obl 0AHOro M3 n 6/10KOB, ecin paboTa BCex
6/10KOB He3aBMUCHUMa.

BepoATHOCTbL MOABMEHNS COObITUA A B K&XOM OMbITe OAMHAKOBA N paBHa
0,2. OnbITbl NPON3BOAATCA NOC/EA0BaTENIbHO 40 HACTYMN/EHNA COObITUA A.
OnpenennTb BEPOATHOCTb TOFO, YTO MPUAETCA MPOU3BOAMTL YETBEPTbINA
OnbIT.

Kaxaoe ©3  4YeTblpeX HECOBMECTHbIX COObITUIA MOXET MPOU30NTY
COOTBETCTBEHHO C BeposaTHocTbio 0,012; 0,010; 0,006 wn 0,002
OnpenennTb BEPOSTHOCTb TOF0, YTO B pe3y/bTaTe OnbiTa NPOM30NAET XOTH

Obl OAHO M3 3TUX COOBLITUIA.
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5. CnoBo «[MATMAXA» COoCTaBfieHO M3 OYyKB pa3pe3Hoil a3byku. 3aTem
KapTOuKM C OyKBamu nepemMeLlaHbl Y U3 HUX W3B/IEKAKOTCA MO O4epean U
packnaablBatoTCs B paf Kakume-To yeTbipe. KakoBa BEPOSITHOCTb MOMYYUTb
Taknum nytem cnoso «MMATMA»?

1.5. dopmyna rnosiHoM BEPOATHOCTH,
dopmyna baneca ((hopmyia BEpOATHOCTU FMMNOTE3)

Mycts Hi. (i = 1,n) — NOMapHO HECOBMECTHble COGLITUS, COCTaBNAIOLLE
MOJHYIO rpynny coobITUA U NyCTb U3BeCTHbI P(H;), ycnosHble BeposaTHocTU P(A/H;).
Torga meeT MecTo hopmyna NOIHON BEPOSATHOCT W.

P(A)=P(H,JP(A/H,). (L7)

i=1

Co6bITVS Hj N0 OTHOLLIEHWIO K COBLITUIO A Ha3bIBAIOTCSA MMMNOTe3aMM.

[MyCTb BbINOMHEHBI NPeAbIAYLLME YCNOBUSA U CTAN0 U3BECTHO, YTO COBbITUE A
npousowno. Torga [Ans HaxoXpieHusi (YTOUYHEHWs) YCNOBHbIX BeposITHOCTEN
P(H; / A) nonb3ytotcst hopmynoii Baiieca.

P(H,)-P(AY H,)

P(H,/A)= P(A)

(1.8)

roe P(A) onpepensietcsd no qoopmyne (1.7).

Nintepatypa [5, C. 34-40; 13, C. 46-52; 10, C. 48-52].

Turnosble NpUMepsbI

1. imetoTca TpK NapTUM NepCoHa/IbHbIX KOMMbIOTEPOB B KonnyecTtse 20, 30 n
50 WTyK. BepoATHOCTN TOro, YTO KOMMbIOTEPDI, NPUOBPETEHHbIE Y PasHbIX QUpM,
npopaboTaroT 6e3 peMoHTa 33aHHOEe BpPeMms, paBHbI, COOTBETCTBEHHO, 0,7; 0,8; 0,9,
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KakoBa BepoATHOCTb TOro, 4YTO BbIOpaHHbLIM Hayfgadyy OAMH W3 CTa [aHHbIX
KOMMbIOTEpPOB NpopaboTaeT 6e3 peMoHTa 3ajlaHHOe BpemMs?

PeweHne
CobbiTve A = «BblGpaHHbIA KOMMbIOTEP MpOpaboTaeT 3aJaHHOe Bpems 6e3
pemoHTa». [llyctb runotesbl H; (i = 1,2,3) 03HayalOT, 4YTO BblOpaH Haygady

KoMMbloTep U3 i-ii napTumn. Bce runoTesbl H; nonapHO HECOBMECTHbI M 06pasytoT
MosHyto rpynny. Mo Knaccuyeckomy onpeaeneHuto BEPOSTHOCTU Haxoamm

20 30 50
P(Hy) =20 =02, P(H,)= 0 =08, P(H;)= 1 =05,

W3 ycnosus sagaun cneayet P(A/H,)=0,7, P(A/H,) =0,8, P(A/H;) =0,9.
Mo dopmyrne (1.7) Haxoaum

3
P(A)=> P(H;)P(A/H;)=0,2-0,7+0,3-0,8+0,5-0,9=0,83
i=1
3. lNepepaBaemass MHQopmaumsa coctouT M3 «0» n «1». CraTucTU4eckme
CBOICTBa MOMEX TaKOBbl, YTO UCKaXKatOTCsA B cpeaHeM 2/5 umdpbl «0» n 1/3 umdgpbl
«1». VI3BECTHO, YTO cpeau nepefaBaeMor MHGopMauum «0» 1 «1» BCTpeyaroTcs B
OTHOLLEeHUM 5:3.

OnpefennTb BEPOATHOCTb TOr0, YTO MNPUHATA NepefaBaeMas MH(opmMaLms,
ecnu: a) npuHsaTa umdgpa «0»; 6) npuHATa umdpa «1».

PeweHne

O603HauMM cobbITre A = «npuHaTa ungpa «0»», B = «npuHaTa yngpa «1»».
ImMeeT mecTo age runoTesbl: H; — nepegaHa ungpa «0», H, — nepefaHa uudgpa «1»,
Mo ycnosuto 3agayun P(H;)/P(H,) = 5/ 3. Kpome Toro P(H;) + P(H,) = 1 — nonHas
rpynna cobbiTuin). Otctoga P(H,) =5/ 8, P(H,) = 3/ 8. 13 ycnosus Takxe cneayeT
P(B/ Hy) =2 /5 (MCKaxXeHHble noMexamun «1» BOCNpMHUMAOTCA Kak «0»), oTcroga
P(A/ H,)=3/5. AHanornyHo

P(A/H,)=1/3 = P(B/H,)=2/3.

BeposiTHOCTM co6bITMIA A 1 B Haxogum no qopmyne (1.7)
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L. p@)=2.2,32_1
=7 P(B)=g 3 2

AICKOMble BEpOSITHOCTU, T.e. BEPOATHOCTb TOr0, YTO MpUHATa Lmdpa «0» npu
nepegayn «0» 1 NpuHATa «1» Npu nepegade «1» 6yayT paBHbI

53
_P(H,)P(A/H,) 85 3.
P(H,/A)= P(A) T 1/2 4
(H)P(BIH,) 33
_PHZPB/HZ _g'g_l
P(H./B)= =5y =172 =2

MeToamnyeckune ykasaHud

CnepyeT 06paTtuTb BHMMaHME Ha MPAKTUYECKYH 3HAYMMOCTL dopmyn (1.7) un
(1.8), cofepxaTefibHbIi CMbIC/T KOTOPbIX COCTOUT B cnefytoweM. o nosBneHus
cobbiTus A BeposiTHocTv P(H;) (i = 1,n) runoTes H;, HeMocpeACTBEHHO CBA3aHHbIX C
NosAB/EHNEM COObITUS A, Ha3bIBAKOT anpUOPHbLIMU U JOOMbITHbIMMU.

[Mocne HacTynneHns cobbITMAs A BeposiTHOCTbL runotes P(H;) MOXHO
MepeoLeHnTb, T.e. BbIYMCUTL YCN0BHbIe BepoATHOCTM P(H;/ A) no copmyne (1.8).
AT YTOUHEHHbIE BEPOSATHOCTU Ha3bIBatOTCA anoCTePMOPHLIMM (MOC/IEONbITHLIMM).

[Moao6HbIE 3a4a4M PeLlakoTes Nno Cxeme:

» BbIAICHUTb, B YeM COCTOUT UCMbITaHWE;
» CO0ObITUE, BEPOATHOCTL KOTOPOrO MLeTcs, 0603HaUYNTb, Hanpumep,
OyKBOW A;
» COCTaBUTb MHOXECTBO MonapHO HECOBMECTHbIX COObITUIA /runoTe3 {Hi};
BbIUMCANTB BeposiTHOCTM P(H) M P(A/H) (i =1 n);
no dopmyne (1.7) HaTv P(A). ECnv n3BECTHO, YTO COObITUE A yXKe
npoun3oLLno, To no opmyne (1.8) onpegenntb P(H;/ A).

Y VY
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YnpaxHeHus

1. B ctygeH4eckon rpynne 20 gesywek u 10 toHowei. K npakTnyeckomy
3aHATMIO MO TEOPWUM BEPOATHOCTU He MNOArOTOBUAWUCL 4 [eByLKA N 3
IOHOLIKN. BbI3BaHHbIA CTYAEHT OKa3a/ica He MOAroTOoB/EHHbIM. KakoBa
BEPOATHOCTb, YTO OTBeYaTb Obl/1 BbI3BaH HOHOLIA?

2. W13 nonHoro Habopa KocTeil AOMWHO Hayrag 6epyTcs ABe KOCTW. Hailtu
BEPOSTHOCTb TOr0, YTO BTOPYHO KOCTb MOXHO MPUCTaBUTb K MEPBON?

3. W3 nmaptum B NATb U3LeNniA Hayfady B3ATO OAHO M3[eNine, OKasaBLueecH
OpakoBaHHbIM. KonmyecTBO 6pakoBaHHbIX W3AE/IMA  PaBHOBO3MOXHO
noboe. Kakoe npeanosiokeHWe 0 KOMMYeCTBe OpakoBaHHbIX W3LeNunii
Hanbosiee BEPOATHO?

4. OnpefennTb BEPOATHOCTb TOro, Yto cpean 1000 MoBUNbHLIX TenedoHOB
HeT HW OfIHOr0 HEWUCNPaBHOro, ec/in U3 B3ATbIX Haydadyy 100 TeneoHOB
BCe OKasa/ICb MCMpaBHbIMK. [peanoniaraeTcs, YTO YWUCI0 HeucrnpaBHbIX
TeneoHos 13 1000 paBHOBO3MOXHO OT O A0 5.

1.6. YcnoBHasi BEpOSATHOCTb. He3aBMCMMOCTb COObITUIA.
TeopeMa YMHOXEHUS U CNOXEHNS BEPOSATHOCTEN

B cxeme HA. BepHynnn (1654-1705) paccmaTpuBaeTca CEpUs N He3aBUCUMbIX
NCMbITAHWUIA, KaXKA0€ N3 KOTOPbIX MMEET /INLLb ABa MCX0Aa: HACTYMNIeHNs HEKOTOPOro
Co6bITUA A WNN ero HeHacTynseHus. Mpu 3TOM M3BECTHA BEPOATHOCTb P(A) =
p(0<p<1). OHa MOCTOSiIHHa B CepuM UCMbITaHMA. Ynucna N 1 p HasbIBaKOTCH
napameTpamMu Cxembl BepHynnu.

BeposTHOCTb P, (T) (0 < T < n) HacTynneHns cobblTua A paBHO T pa3 npu
He3aBMCKMbIX UCMbITAHMAX ONpeaenseTcsa no gopmyne bepHynm

P,(m)=C"p"g"™", (1.9)

rae q=P(A)=1-p.
BepositHoct P,(m) (T = 0,1,2,...,n) Ha3blBalOTCA 6UHOMMHAMbHBIMU, T.K.

npasast YacTb hopMmysbl (1.9) npeAcTaBnseT coboi 06LWMIA YNeH pa3oXKeHns GUHOMa
HbloTOHa
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n

(p+q)n _ Zcr:n pmqn—m

m=0

OTcroga cnefyet, UTo CyMma BCeX GUHOMMHa/IbHbIX BEPOATHOCTEN paBHa 1.
Mpn 60nbWMX N U T BblYACNeHUA no qopmyne (1.9) cBA3aHbl C HeMabIMK
CMIOXXHOCTAMM (pacTeT 06bEM BbIYWCIEHUA). B 3TOM cnyvae A0S HaxOXAeHWs
BeposiTHOCTE P, (M) Lenecoo6pasHo Nosb30BaTbCs NPUBIKEHHBIMU (HOPMYy/ami,
KOTOpble JatoT MpWY LOCTAaTOYHO 60/bLUMX M CKOMb YTOAHO Manytd OTHOCUTE/bHYHO
MOrpeLHOCTb BbIYUCIEHWIA.

3 nokasibHOW npegenbHoM TeopeMbl MyaBpa-/lannacca cnefyet

p,(m)= f—qcp(x), (1.10)

rae (p(x):ie 2. x_MZNP
NpE NI
NHTerpanbHas npefenbHas Teopema MyaBpa-/lannaca yTBepXpaaeTt, yto Ans
cXeMbl BepHynnv npu 6onbwmx n n p e (0;1) cnpaBeannBo NPUOGIMMKEHHOE
PaBEHCTBO

XZ

P e 2dx=®dy(x,)—Dy(x) (1.11)

n

(m<m<

X2
mz)zlj

x =P =12

" Jnpg

Ans BbluncneHnin no qopmyne (1.11) (MHTerpan B Hei He BbIYUCNAETCA B
aNEMEeHTapHbIX  (PYHKUMAX)  UCnonb3yeTcs  yHkumA  Jlannaca  (MHTerpan
BEPOATHOCTM).
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obnagaroLlast CBOMCTBaMMU:
v\ ®(x) — HeueTHas dyHKuUMS. (D(-X)=—-D(x));
v ®,(x) - Bo3pacTaeT Ha R;
v lim @,(x)=1;

X—>+00

v lim @y (x)=-1;

X—>—00
v npn x>4  dy(x) =0,9998...
DyHKUMS D,(x) TabynmposaHa (CM. Tab. 1 NPUIoXKeHUA)

3 npepenbHol TeopeMbl [lyaccoHa [Ans CXeMbl BepHynnu, ecnm n— oo,
p—>0Tak,utonp > A, O0<A<ow,cnegyer

(M)~ e (1.12)

Nuntepatypa [5, C. 41-51; 13, C. 57-75; 10, C. 52-67].

Tunosble NpUMepsbI

1. BepoATHOCTbL nonajaHua CTpPesKoM MulleHb pasHa 0,6. MNMpoussegeHo 8
BbICTPenoB. Halitn: a) BepoATHOCTb TOro, 4TO MNpW 3TOM OyfAeT POBHO [Ba
nonagaHus; 6) HauBeposTHelllee YWUCN0 MonagaHWin U COOTBETCTBYHOLLYIO
BEPOATHOCTb.

PeweHne

NcnbiTaHna (BbICTPenbl MO MuLWIeHW) Oyaem cumTaTb HesaBUCUMbIMM, a
BEPOSATHOCTb MONafaHWs B MULLEHb HEM3MEHHOW. Torga MOXHO MCMO/b30BaTb B
KayecTBe Mogenn cxemy bepHynnwn. Mo dgopmyne (1.9) nonyyaem

R,(2)=C2(0,6)°(0,4)* ~ 0,041.

[ns onpefeneHns Hanbosee BePOATHOIO YmMcia nonagaHuin T UCMOoNb3yeTcs
(opmynanp—q <. mg < np + . OTKyAa
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8-06-04<m,<8:-06+04 = m,=5,

a COOTBETCTBYHOLLAA BEPOATHOCTb
R,(5)=C3(0,6)-(0,4)’ ~0,28.
2. B HEKOTOpPOM NPOW3BOACTBE BEPOSTHOCTb TOrO, YTO OTAE/NbHOE WU3faenue
OKaXeTcs 6pakoBaHHbIM NOCTOsAHHA 1 paBHa 0,005. KakoBa BEpOSATHOCTb TOMO, YTO B
napTum u3 10 000 n3pennii 6pakoBaHHbIX 6yaeT He 6onee 70?

PeweHwune
3[1ecb MOXHO BOCMNONb30BaTbCs hopmynoit bepHynnn. Torga

70
Ploooo (0 sm< 70) = Z C5000 (0’005)"1 (01995)10000—m
m=0

OueBMAHO, YTO BbIYMCMIEHWA MO 3TOM (hopmynie AOCTATOUYHO TPYAOEMKM.
[MoaTtomy Bocnosnb3yemcs gopmynoit (1.11). Mpn atom T4 = 0, T, = 70, n = 10000,
p = 0,005, g =0,995. Haxoanwm

_Mzzog’ X, :uzz,%_

X, =
* Jnpg Jnpg

Monb3ysach CBOWCTBAMM (YHKUMNM D,(X) M ee TabAMUHLIMK 3HAUEHWAMM
HaxoAuM:

Poooo(0< M < 70)~ = (0, (2,84)+ D, (7,09)) ~ 0,4977 + 0,5~ 0,9977 .

N|

3. BeposiTHOCTbL fonycTUTb OLWIMOKY nNpu Habope HEKOTOPOro TeKCTa,
coctoswero mn3 800 3HakoB, paBHa 0,005. HailTu Hambonee BepOATHOE 4UWUCNO
CleNaHHbIX OLWMOOK B 3TOM TEKCTe M ero BEPOATHOCTb.

PeweHwune
OueBNHO, MOXXHO MPUMEHATL CXeMy bepHynnn. 3 gpopmyrnbl

np-g<.m<np+qg. = my=4.

Mo opmyne (1.12) c A =np =4, nony4vaem
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Poo(4) = me“‘ ~0,1954.

3amMeTuM, 4TO TouHast (hopmyna (1.9) aaet Pyy,(4)~0,1954.

MeToanyeckune ykasaHusa

Cxema bepHynnu — maTemMaTvyeckas MOAeNb peanbHOro seneHvs. [ns ee
MPYMEHEHNS K PeLLeHMIO 3aa4 HeO6X0AMMO BbIMNOSIHEHME YC/IOBUIA:
» NPOBOAMMbIE UCMbITAHWA ObLIN HE3aBUCUMbI;
> KaX[J0e UCMbITaHVe UMENO TOMbKO [Ba UCXO0La;
> BEPOATHOCTb  MOSIB/IEHUS  MHTEPECYIOWEro COoObITUS B KaXAoM
MCNbITaHWM OblNa OfHA 1 Ta Xe.
Mpy BbIGOPe pacyeTHbIX (OpMyNn CcnefyeT PYKOBOACTBOBATHCA TaKMMM
CO0OpaKeHNAMN:
1. Ecnm ymcno ucnbiTaHuid N AOCTaTOMHO BENNKO U BeposTHOCTL p € (0; 1) He
Masa, a uMcno npg > 10, TO A7s HaxoxaeHUs BeuumH P,(m) n P,(m, <m<m,)
ncnonbayetcs gpopmynbl (1.10) n (1.11) COOTBETCTBEHHO;
2. Ecnv n gocTtaTtoyHo BennKO, a BEPOSTHOCTb P Masia HacTO/bKO, YTO YMC/IO0
np He BeNuKo (06bluHO p < 0,1; npqg < 10), To ans HaxoxaeHus P.(m) ymo6Ha

topmyna (1.12). MNpy 3aTKX >Ke NPeAnoNIOKEHUAX WU MasioM 4YuUCie claraembiX B

mp
Cymme Z Pn (m) MO>XHO NCMOJIb30BaTb dJopmyny

m:ml

m
L, Dz ogm
=
o M

YnpaxHeHUsA

1. BeposiTHOCTb BbIMIpbIla MO OAHOMY f0TepeliHOMy 6uneTy pasHa 0,2.
KakoBa BEpPOSITHOCTb TOFO, YTO M3 LUECTW MPUOBPETEHHLIX GWUNETOB ABa
OKaXKYTCS BbIMIPbILUHBIMW?

2. HaliTn BeposTHOCTb OCYLLECTB/IEHUS OT ABYX A0 YETbIPeX pa3roBOPOB MO
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TeneyoHy npyv  HabMOLEHUN NATU  HE3aBUCUMbIX  BbI30BOB, €C/U
BEPOATHOCTL TOr0, YTO PasroBop cocTomnTcs, pasHa 0,7.

3. 13BecTHO, 4YTO neBWN B cpefHeM cocTaBnatoT 1% HaceneHua. KakoBbl
LLAHCbl Ha TO, YTO cpean O0TobpaHHbIX Haydady 200 4enoBEK OKaXKyTCH
POBHO TpW NEBLLUN?

4. Y4yebHuK nsgaH tmpakom 100 000 ak3. BepoATHOCTb TOro, YTO HEKOTOPbIE
3K3eMnnapbl 6yayT cOpOLUOPOBaHbl HenpaBuibHO paBHa 0,0001. Haiitu
BEPOATHOCTb TOrO, YTO TUPAXKW COLEPXKAT POBHO MNATL OPAKOBAHHbLIX KHUT.

5. OnektpocTaHuma nutaeT cetb M3 10 000 noTpebuTeneil. BeposATHOCTb
TOr0, YTO KaXKAbli NoTpebutesib B BeYepHMe Yacbl OyfeT Mosb30BaThCA
3NEKTPO3Hepruel pasHa 0,7. ONpeaennTb BEPOSITHOCTb TOrO, YTO YMCIO
OAHOBPEMEHHO MOAKIHOYEHHBbIX K CETU MOTpebuTeneil Byaet HaxoauTcs
mexay 5 900 u 6 100.

1.7. CnyYaiiHble BeINYUHBI
AVCKpeTHas cnydaiiHas BennvnHa

PaccMOTpMM  NPOCTPAHCTBO  3/IEMEHTAPHbIX  COOLITUIA  Q, 31eMeHTaMu
KOTOPOro m oteBeyaet P(w).
OnpepgeneHve. ANCKPETHOM CNnyyailHOW BeNWMUUHLI & HasbiBaeTCA (DYHKUMA
E(w), onpefenieHHas Ha MHOXeCTBe (2 U NPVMHUMatOLLAasA ANCKPETHbIE BELLECTBEHHbIE
WA KOMMNMEKCHbIE 3HAYEHWS.
a a, ..
EE

Tabnmua Buaa
r4e B BEPXHEN CTPOKe CTOAT BO3MOXHble 3HAYeHWs CNyyaiHOW Be/M4uMHbl &, a B
HUKHEW CTPOKe Mof KaX/bIM 3HAYEHMEM ClyvaliHOW BENIMUYUHBLI CTOUT BEPOSATHOCTb
P; = P(§ = &) TOro, 4to & NpMHMMaEeT 3TO 3HaYeHWe, HasbIBaeTCA pacrpesesieHeM
ANCKPETHOWN CNyYyaHON BEMYMHBI,  NPUYEM

ZP(Q:ai):l.

Nutepartypa [5, C. 58-65; 13, C. 64; 10, C. 73].
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Tunosble NpUMepsbI

1. MycTb cnyyainHoe cobbliTe A nMeeT BeposaTHOCTb P(A) = p. Hasosem
NHOMKATOPOM COObITUA A C/y4YaillHYHO Be/IMUMHY |5, KOTOPas NMPUHUMAET TOJIbKO
[1Ba 3HaYeHNA HY/b U OfVH.

In.= 1 — 03HayaeT, YTo cobbITHE A «MPOU3OLLIIO.

I» =0 — 03Hayaet, 4To cobbITE A «HE NPON3OLLISIO».,

OueBMAHO, YTO MHAMKATOP COOLITUA A eCTb AMUCKPETHas Cly4vailHas BeNnMYnHa
C Tabnumuein pacnpeieneHus.

N 0
p(la) 1-p

2. 113 ypHbI, B KOTOPOI Nexat 2 6enbiX U 8 YepHbIX LLIapoB, NocneaoBaTe/ibHO
BbIH/MAHOT LLUAPbl [0 TEX MOp, MOKa He MOSBUTCS YepHbIi wap. Ynucno & BbIHYTbIX
Npy  3TOM LWIAapOB €eCTb [AMCKPETHas ChyyaiHas BenuuyMHa. HaliT  3aKoH
pacnpeaeneHns ee BePOATHOCTEN.

PeweHne

BO3MOXHbIMW 3HaYEHUAMUN BENMUUHBI & ABNAKOTCA uncna 1, 2, 3.
p(§ = 1) — BEpOATHOCTb TOr0, YTO OYAET BbIHYT TO/IKO OZAMH LUap, T.e. NepBblii Lap —
YepHbIA, TOrga

o~

ple=1)=15=

p(§ = 2) — BEPOATHOCTb TOr0, YTO OYAET BbIHYThI TO/LKO ABa Lapa, T.e. NepBblil LWap
— Gesblid, a BTOPOIA — YepHbIiA, Toraa

2 8
p(@:Z):E-gzﬁ’

p(§ = 3) — BEPOSATHOCTb TOr0, YTO MEPBbLIV 1 BTOPOIA LWap 6yayT 6enble, Torga

21 1
p(§=3):E'§ZE-
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3aKOH pacnpeaeneHns KomMyecTBa BblHYTbIX LLIAPOB 3amnyLLETCS

g
p(©)

45 45

(&2 [N NIy

3. BbINonHseTca cTpenbba MO MULIEHW [0 MEpBOro Mpomaxa, Mpuyem
4
BEPOATHOCTb MONAAHIA B MULLIEHb MPI KAKAIOM BbICTPENe OfHa 1 Ta e ¢ . £ -

KONMYECTBO BbINOSIHEHHbLIX BbLICTPE/IOB [0 MEPBOr0 MpoMaxa B MMLUEHb €CTb
CcryyaiiHas BesMUMHa. 3anmcaTth ee 3aKOH pacnpesenieHus.

PeweHwne
Ctpenbba 3akaHuMBaeTca Ha k-om BbICTpene, ecnn k-1 nepsbiX BbICTpena obiiu

k-1
yCcrelHbl, a Mnpu Kk BbICTpene fAonylleH npomax. Torga P(F,:k):(%j %

k=1, 2, .... MonyyeHHas hopmyna sKBUBaSIEHTHA Psfly pacrpeaeneHus:

£ 2 K

P(&)

1
1 1
5 5

[$21FN

OC06eHHOCTb AaHHON 3afayM COCTOMT B TOM, UYTO TEOPETMYECKU YUCO
NCMbITAHUA MOXET ObITb OGECKOHEYHO 60/bLUMM, OAHAKO BEPOSTHOCTb TaKOro
COBbLITUS CTPEMUTCS K HY/HO.

4. MoHeTa noabpacbiBaeTcs YeTbipe pasa. HaliTu 3aKoH pacnpeaeneHns ymcna
NosiBNeHNA repba, ecnim BEPOSTHOCTbL ero MosIBMEHMS NPU KaXKAoM nogodpackiBaHUN

1

5

PeweHwune

& — KONNYeCTBO NOSIBNEHWIA repba npy 6pocaHnM MOHETbI YeTbIpe pasa MoXeT
NpuHUMaThb 3HadeHns 0;1; 2; 3,4.
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p(€ = m) BbluMCnAeTCA Mo hopmye

nl mnN—m
P(E=m)= mi(n—m) prg T,
onga Hawero cnyyaan=4,P=0,5,9g=05m=0,1, 2, 3,4.

Tabnuua pacnpefeneHns BeMUmHbI & BbIFNSANT CreayHoLIMM 06pasom

g 0 1 2 3 A
p(§) 0,0625 0,25 0,375 0,25 0,0625

MeToanyeckne ykasaHuUsA

O6patute BHMMaHWE Ha TO, YTO CyMMa BEPOSTHOCTE BCEX BO3MOXHbIX
3Ha4YeHWI ANCKPETHOM CMy4YailHOW BENNYMHbLI PaBHA €ANHULIE, YTO MOXXET CNYXUTb
KOCBEHHbIM KPUTEPMEM NPaBW/IbHOCTU PELLEHMS 3aa4yn Ha OnpeaeneHme ee 3akoHa
pacnpegeneHns. Kpome TOro, 3akOH pacnpefenceHuss MOXHO  M306pa3nThb
rpaguueckn. [ns 3Toro B MPSAMOYrofbHOW CUCTEME KOOpAMHAT CTPOAT TOYKU
M, (%, P) M,(X,, P, )y M (X, P, ..., TOE Xi — BO3MOXKHbBIE 3HAUEHWs CyqaliHOVA
BEMMYMHBLI, a P; — COOTBETCTBYIOLIME BEPOATHOCTM W COEAMHAOT  UX
nocneaoBaTeNlbHO  OTpe3kamy  NpsMbIX.  [lonyyeHHYHO  (Urypy  HasblBatOT
MHOIOYro/lbH/KOM pacrnpegeneHns Ana AUCKPETHOW CiyyaiHOM BeIMUMHbI &,

YnpaxHeHusA

1. BpocaeTca urpanbHas KOcTb. O603HaUMM COObITME A = «YMCNO BbIMABLUMX
OYKOB YETHO», B = «uMCNO BbINABLUMX OYKOB AENUTCS Ha 3». 3anmcatb
TabmLy pacnpegeneHus la, lg.

2. N3 28 KocTel [OMMHO C/ly4alHO M PaBHOBEPOSTHO BbIOMPaEeTCA OfHa.
HainTn 3akoH pacnpefeneHns CyMMbl OYKOB & Ha ee MoIoBUHAX.

3. 3anucatb  psAg  pacnpefeneHns M NOCTPOUTb  MHOrOYrofIbHUK
pacnpefeneHns ymcna nonagaHnii Ma4oM B KOP3UHY Npu AByX GpoCKax,
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eC/IM BepOATHOCTb NonagaHus npu kaxaom épocke 0,4.

4. W3 naptum B 25 un3gennia, cpean KOTOPbIX MMEKTCA 6 6pakoBaHHbIX,
BblOpaHbl CNyYaiHbIM 06pa3om 3 M34enns ANs MPOBEPKM UX KayecTsa.
HainT 3akOH pacnpegeneHus cnyyaHoro uucna &  Ko/nmyecTsa
OpaKoBaHHbIX W3[eNni, COMdepXKallMXca B BbIOOPKE M M306pa3nTb €ero
rpacduyeckn.

HenpepbIBHbIe CyyaliHble BETMUNHbI

OnpepgeneHne. BemmumHa &  HasbiBaeTCA  HEMPEPbLIBHOM  CryyaiiHoW
BE/IMYMHOMN, €CNM BEPOATHOCTL MOMafaHust ee 3Ha4YeHUs B KOO0 MHTepBa (X1, Xo)
MOXXeT ObITb NpeACTaB/eHa B BUAE

P(x, <€ <x,)= ff(x)dx
X
npy 3ToM PyHKUMS f(X) AOMKHA BbITb HEOTPULIATENLHA M HOPMIPOBAHA YC/IOBHEM
[ f(x)dx=1.

PyHKUMs f(X) Ha3bIBAETCA NNOTHOCTbIO PacrpeaeneHns Be/MUmnHbI &,
Nuntepatypa [5, C. 69-72; 13, C. 83-86; 10, C. 111-119].

Tunosble NpUMepbI

1. BennunHa & MmeeT NAOTHOCTL pacnpeseneHms
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0- npu X <0,
f(x)= %sinx—npm 0<x<m,
0- npwu X > T.

HaliT BEpOSITHOCTb TOro, YTO B pPe3y/bTaTe WUCMbITaHWA BeNMYMHA & NpUMeT

T
3HaYeHUs U3 NHTEpPBasIa (O;Zj.

PeweHne
3 onpeaeneHns HeNpPepbIBHOW CNYy4YailHO BENUUYNHBI UMEEM:

nnn

A
eX+e’
(-0 < X <+00). HaltTn a) Koa(h(MumeHT A; 6) BEpPOATHOCTb TOrO, YTO B fBYX

2. TMNOTHOCTb BEPOSITHOCTW CAyYaliHON BennumHbl & pasHa f(x)=

HE3aBUCUNMbIX Ha6mo,qu|/|ﬂx F; NPUMET 3Ha4YeHNE MEHbLLIE EANHNLIBI.

PeweHne
a) W3 ycnosust HopmuposaHus f(x) nmeem

+00 1
Al ———dx=1.
_Lex +e7%

nnn
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+ 0 T
A j ——dx=Aarctge’ = A(—O),
el +e” — 00 2
An 2
HO 7_1, 0TKyJa A_%.
6) Bbluncnnm
1 x
P(co<g<1)= j —arctge

2
Earctg € — BEpPOATHOCTb TOr0, YTO BeIMUYMHA § NPUMET 3HAUYEHME MEHbLLE eANHNLbI

B O4HOM WUCMbITaHWUW, TOr4a B ABYX HE3aBUCUMbIX UCMbITaHNAX BEPOATHOCTb 3TOr0

2
cobbITUA ByaeT (% arctg ej ~ 0,6015.

3. CnyuvaitHas BenMuMHa & Ha3blBaeTCA pacrpefeneHHo HopMasbHO C
napameTpamu a, o (o > 0), ecnn ee NNOTHOCTb

BeposTHOCTL nonafgaHWa CRy4YanHoW BeNnMUMHbI & pacnpefeneHHor Mo
HOpPMa/IbHOMY 3aKOHY BbIYMCASETCA NO opmyne

s en=g o557

rge

2 L0
D(x)=--—Je 2dt
21
CaoiicTaa (hyHKLMM ®(X) npuBedeHbl B . 1.6.
BbIUMC/IUTL BEPOSATHOCTb MONafaHNst HOPMaSIbHO pacrpe/eneHHol CnyyainHom

Be/IMUYNHbI € ¢ napameTpamu a, ¢ (o > 0) B uHTepBaie a—3oc<{<a+3o.
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PeweHwune

P(a~3c<E<a+30)= %(@(#) _ qn(%f‘an - 0(3).

Mo Ta6nmue @®(3) =0,9973. M3 3TOro COOTHOLLIEHNS! NPAKTUYECKN JOCTOBEPHO

cnefyeT, 4TO 3HAYeHUs CNyyaHO BeNUYMHLI & pacrnpefenieHHoW HopMasibHO
HaxoaaTcs B uHTepBase (a—3c; a+ 30 ). YKazaHHOe yTBEPXAeHNe HOCUT Ha3BaHWe
npasua Tpex CUrm Ans HopMasibHOro pacrnpegeneHuns.

MeToan4yeckune ykasaHunsa

HeobxoamMmo 06paTtuTb 0C060e BHMMaHME Ha M3y4YeHMe HOPMasibHOro 3aKoHa
pacnpefeneHns, ero BaXXHOCTb OMpeenseTcsa Tem, YTO K HeMy O6bIYHO MPUBOAAT
3af]a4m CBsi3aHHbIE C pacrpeenieHMemM CyMM 60/bLLIONO YMCAA CYHaRHbIX BENIMUNH.

YnpaxHeHusA

1. MINoTHOCTb pacnpefeneHus & 3aaaHa hopmynoi

3
F(x)= cX 2 npn x=1,
0 - npn x<1.

Haintu c.

2. MycTb BCe BO3MOXHbIE 3HAYEHMS CMyYaliHO BENMYMHBI & COCPefOTOUEHbI
Ha WHTepBane (ou; B) U NNOTHOCTL pacrpefeneHns ee NocTosHHa. 3anucatb f(x) u

BEPOATHOCTL MOMajaHna BennuuMHbl & B UHTEpBan (Xi; Xp).ecnn x € (o PB),
X, € (o;B).

3. CnyyaitHas BefiMuMHa MMEET HOpMasibHOe pacripefesieHne ¢ napameTpamu
a=0, o=1.Yto 60nbLLE
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P(-05<£<-01) nwm P(l<&<2)?

1.8. dyHKUMSA pacnpeaeneHns BEPOATHOCTEN
C/TyYaHOWN BESINYUHBI

OnpegeneHne. ®yHKuMs F(X) HasbiBaeTcs (hyHKUMEn pacnpegeneHust
BEPOSITHOCTEM C/lyYaiHOn BENMUMHBLI &, €CM ee 3HaueHWe B TOUYKE X PaBHO
BEPOSATHOCTM TOr0, UTO CMyyaliHas BeNMYMHA & NPUMET 3HaUYEHME MEHbLLE X, T.e.

F(x)=P(& <x).

[nsi HeNPepbIBHON Cy4aintHON BENNUNHDI &

X

F(x)= [ f(t)t,

—00

rae f(x) — NNOTHOCTL pacnpeseneHns BePOSTHOCTEN CyYaliHOM BeNMUUHLI &,
3 aToin hopmy bl cnenyeT

NPV YCOBUM KYCOUHOM HEMpepbIBHOCTY (yHKumM f(X).

[ns  ONCKPETHON cnydyaliHOW BEeNWYMHBLI &  (PYHKUMA  pacnpeaeneHus
BEPOATHOCTEN eCTb CyMMa BEPOATHOCTEN TEX €€ 3HAUYEHWI, KOTOPbIE MEHbLLE X.

PyHKUMSA pacnpeieneHns MeeT CBOMCTBa:

1. 0<F(x)<1.

2. P(a<é<b)=F(b)-F(a).

3. F(x)< F(x,), ecnm x, < X,.

4. F(-»)=0, F(+)=1.

Nutepatypa [5, C. 65-72; 13, C. 77-86; 10, C. 111-119].
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Tunosble NpUMepsbI

1. 3akoH pacnpefeneHns AUCKPETHOM Cy4yalHOW BeNNYMHBI

Tabnmuei

£ 1 2 3

P(&) 0,3 0,5 0,2

3anucatb F(X) cnyyainHoin BeiMumnHbI E.

PeweHwune

13 onpeaeneHns QyHKLUM pacnpeaeneHus NMeem

0, npw £<1,
0,3, 1<E<2,
F(x)— npn 1<§
0,5, npn 2<E<3,
1 npw §>3.

[ns yno6eTea 3anmcy Taknux PyHKUMIA BBeAEM PYHKLMIO

0, mpn x<0,
ﬂ(X)—{l’ npu x>0

F(x)=0,3n(x-1)+0,5m(x —2)+0,2n(x - 3)

nnn

F()- X Plk-x)

& 3afaH

2. PaccMOTpeTb (PYHKUMIO pacnpeaeneHnst Ans cTaHAapTHOr0 HOPMasbHOrO

3aKkoHa (a=0, o =1) 3anucartb ee Yepe3 UHTErpas BEPOSITHOCTY.

PeweHne
Mo onpegeneHunto
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nnn

t2

rae @(x) e 2dt; ®(—o0)=-1.

- 5o

Torga F(x)= ;(CD(X)+ 1).

MeToamnyeckune ykasaHus

CneayeT 06paTUTb BHUMaHWE Ha TO, UTO (DYHKLIMS pacrpeieneHns cnyyaiiHol
BE/IMUMHBI SIB/IETCS €8 UCUEPNbIBAIOLLEN XapaKTEPUCTUKOIA.

N3 onpegeneHns yHKUMW pacnpegeneHns crnegyeT, UYTo C ee MOMOLLbHO
MOXXHO 33/1aBaTb KaK 3aKOH PacrpefiefieHnst ANCKPETHOW CrydaiiHOl BeNUMHBI, TaK
1 HEMPEePbIBHON BENNUMHBI.

YnpaxHeHus
1. TNOTHOCTb BEPOSATHOCTM CryuaiiHOW BenmMumHbl & pasHa f(x)= Ax’e™
(x>0, 0<x<+ow). Haiitn: a) KO3(MMUUMEHT A; 6) BbIUNCIUTL BEPOATHOCTH
1
nonagaHua & B UHTepBas O;X .

2. DYHKLMS pacripefeneHns cnyyaiHou BefMumHbl & 3afaHa hopMynoin

F(x)= A+Barctgx, (—oo<X<+mo).
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Haitn:
a) MOCTOsAHHble A 1 B;
6) NIOTHOCTbL BeposTHOCTM f (X);

B) BEPOATHOCTb TOr0, YTO Be/iMYMHa & nonaget B 0Tpe3ok [-1;1].

3. bpocaloT Tpy MOHETHI
a) MocTponTb 3aKOH pacnpefeneHns Cy4yanHoin BeNNYUHBI & MO KONNYeCTBY
BbINAaBLUMX MPU 3TOM «PELLEK», ECNIN BEPOATHOCTb NOSABIEHNA «PELUKU» Ha Kaxaon 1

1
MOHETe - .
2

6) 3anucaTb (yHKLMIO pacnipefeneHns F(X) BenMuMHbI &, MOCTPOUTL ee

rpaguk.
4. @YHKUWA pacnpeseneHuns ciy4yainHoin BeNMUnHbl & MeeT BUA:

0, npu X <0,
F(x)=4x, nmpu 0<x<1,
1, npwu x>1.

a) HaliTu NNOTHOCTb BEPOATHOCTU Cly4aitHON BENNUNHDI E.
6) MocTpouTb rpagmk yHKLMK pacnipedenennst F(x) u ee nnotHoctn f(x).

1.9. 3aKoH pacnpegeneHna QyHKUNK OT
O[IHON CNy4YanHON BENUUYNHBI

Mog dyHKupeid f(x) cnyualiHoil BeMnunHbI & MOHUMAIOT TaKyH CNyyaiiHyto

BE/IMUMHY 1), KOTOPast MPUHUMAET 3HaueHne y = f (&), korga BennumHa & npuHUMaeT

3HaueHue X. OCHOBHOW 3afa4eil 30eCh SBMSAETCA HAXOXAEHME 3aKOHa pacnpeeneHus
BEPOATHOCTEN (hyHKUMM Y = f (&) No 3aKOHy pacnpefieneHuns ee aprymeHTa.

Ecnu cnydaitHas BeniMumHa & UMeET 3aKOH pacnpefeneHus

4 X1 X2
P(€) P, P,
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m y=o(&) MOHOTOHHAA (YHKUMA OT [OEACTBUTENLHOTO aprymeHTa X, Torga
[CKPeTHas crydaiiHas BennumHa 1 = (&) MMEET 3aKOoH pacrnpefeneHms

n P (X1) P (X2)
P (1’]) P 1 Pg

Eciv e QyHKumMa Y = (&) He MOHOTOHHas! (DYHKLMA, TO CPeay ee 3HaueHuil,

MOTYT ObITb PaBHble. B 3TOM cnyyae cTONGLbI C PaBHbIMK, 3HAYEHWSIMA HanpuMep,
a=o¢(x;), OBbEAMHAOT B OAWH cTonbel, M AnA  Bblumcnenns P(o(x)=a)

CK/MafblBalOT BEPOSATHOCTK, KOTOPble B pacrpefenieHun BeMyuHbl & 3anucaHbl B
cTON6UAX Nog X;.

Nintepatypa [5, C. 73-74; 13, C. 48-102; 9, C. 63-64].
Tunosble NpUMepbI

1. AnckpeTHas cnyyaiiHas BenmumHa & MMeET 3aKOH pacrnpeaeneHuns

i i 3n
- 4 2 4
P(©) 0,2 0,7 0,1

MocTponTb 3aKOH pacnpeieneHns Cry4ainHon BennUunHbl 1 = sin &,

PeweHwune
. T . T .3t . W
n sin — sin — sin— =sin —
4 2 4 4
P(n) 0,2 0,7 0,1
2
= 1
N 2
P(n) 0,3 0,7
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Ona & HenpepbIBHOW CNy4ailHOW BENMUMHBLI HIKE PAcCMOTPMM HECKO/IbKO
MpMMepoB, Mocfe  4ero  CHOPMYIMPYEM  MpPaBUIO0  HaXOXAEHWs  3aKoHa
pacnpefeneHns (yHKUUM N0 M3BECTHOMY 3aKOHY pacnpefesieHns HernpepbiBHOM
BE/IMYNHBI &.

2. y=ax+Db.

Monoxum mn=a&+b, ecmm a > 0, TO MO oOnNpefeneHNIO PYHKLUK
pacnpegeneHuns

F,(x)=P(n<x)=P(ag+b<x) = P(&< X_bj: Fa(x_bj'

a>0 a a

Ans Bbiuncnenus f, (x) nmeem

o< o )

Echma <0, 10

F,(x)=P(n<x)=P(a¢+b<x) = P(2;>X_bj:1— F{X_b),

a<0

O6beauHSA 3TW [Ba Cy4Yas, UMeeMm

fn(x)zi fé(x;b).

3. PacCMOTpMM MOHOTOHHO BO3PAcTatoLLYHO (hYHKLIMIO

Monoxum n = &>, ViMeem no onpeaeneHnio MyHKLUN pacrpeaeneHus
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a<0

F,(x)=P(n<x)=P(e* <x) = P[§< X;j - F{X;J.

Torga
_ 3\ (w3123 1 3
fn(x)_(Fg(x ))X—Fa(x )'3X —ng(x )

4. PaccMOTPMM MOHOTOHHO Y6bIBatoLLYH (hYHKLNIO

f(x)=e.
Mpn x>0
F,()=P(n<x)=Ple <x)=
=P(>-Inx)=1-P( <-Inx)=1-F,(-Inx),
0TKyAa
f,(X)=F()=—(F.(Inx), :i f,(~Inx).
Mpnx<0

F.(x)=P(M<x)=0,T.K. n=e°>0.

n

MosToMy Ha oTpuLaTenbHoii nonyocn f, (x)=F, (x)=0.
5. PaccMOTPUM HEMOHOTOHHYIO (hyHKumio Yy =x”. Haligem F,(x) u f, (x)

CNYyYaitHON BEMMUNHBLI 1 = &2,
[Mpu x > 0 nmeem

F,(x)=P(n<x)= P(&Z < x): P(_ﬁ<§<&):
= Plg < /x)-Plg < —/x)= F.(/x)- F.(~/x),

0TKyfa
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f,(0)=F,(x)= F'(f)zf . IX 2Ij

s E R )= () 1)
Mpn x < 0 umeem F, (x)=0n f (x)=

Mocne pacCMOTPEHHbIX MPUMEPOB MOXHO YKasaTb CrieflytoLlee MpaBusio
3aMMcK  3aKOHa pacnpefeNieHnsi HenpepbIBHOM (YHKUMW OT OAHOI cnydaliHol
BE/INUMHbI MO U3BECTHOMY PaCrpefieNIeHNI0 ee apryMeHTa.

MycTb & HenpepbiBHas CryyvaiiHas BeMMUMHA C (PYHKLIME pacnpeaeneHus

F.(x) v nnoTHocTbIO f,(X) 1 hyHKUMA y = (X) MOHOTOHHO Bo3pacTaeT, X =¢ ' (y)

3
— obpartHasa (hyHKumsa. Torga

Ecnm y = ¢(X) — MOHOTOHHO Y6bIBaOLLASH (DYHKLMA, TO

1-F(o™(y)), 1,00=-(F.lo™(¥)..
Nntepatypa [5, C. 73-74; 9, C. 63-64; 13, C. 98-102].

YnpakHeHuA

1. AnckpeTHas cnyyaiiHas BenmymHa & MMeeT 3aKOH pacrnpeaeneHuns

e ) ) 0 1 2
P.(x) 0,1 0,2 03 0.3 0.1

MOCTPONTL 3aKOHbI PACTPeAeneHust CryyaiiHbIX BeMMUMH n=5*+11n &= \Z—,\

2. CnyuaiiHas BenMuMHa pacnpefeneHa MNo HOPMasbHOMY 3aKOHY C
MIOTHOCTbO BEPOSITHOCTY
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A A\ A>3 1
HaiiTi 3aKOH pacnpeeneHns 06paTHOW eil BEMYMHBI 1 :g.

3. HenpepbiBHas cnydvaiiHasi BenMuMHa & UMEeT MIOTHOCTb fé(x). Haiitu

MNOTHOCTb BEPOSTHOCTU CNyYaitHO BeNMUUHBI 1 = 3E,.
- T T
4. CnyyaiiHas BenMYmMHa & pacnpefeneHa paBHOMEPHO B MHTepBasIe [—2; 2]

HainTu 3aKoH pacnpefeneHuns ciy4yainHon BenmUnHbl n=sin&.

1.10. Ymncnosble XapaKTePUCTUKMN CyYarHbIX BeIMYNH

OCHOBHbIMM ~ XapaKTePUCTUKaMK  CNy4YyaiiHON  BENMUMHBI  SIBNISIOTCS
MaTeEMaTNYeCKOe OXWaaHUe U ANCMEePCHS.

MaTemaTnyeckoe oXuniaHue
NEKPETHOM Cy4YalHOM BENNYNHBI

MycTb Ha MPOCTPAHCTBE 3MEMEHTAPHbIX COObITMIA Q 3ajaHa AMCKPETHas
cnyyvariHas BennuunHa &(w) (o €) Tabnuuein pacnpegeneHms

E(w) a a a,

PE(w)) P Py P

npudem psg > &(w)P(E(w)) cxoguTes abContoTHO, TOrAa nco

0eQ)

Mg = Y E(oP(E())

0eQ)

Ha3bIBAETCA MaTEeMaTMWYECKUM OXKUAAHNEM AUCKPETHOV CryyaliHON BENUYNHDI
¢ TMpu abcomoTHol cxopumocTn  psiga > &(o)P(¢(w)) MOXHO MokasaTb

e
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abCO/MIOTHYHO CXOAMMOCTL > &P, 1 paseHcTBO uncen > &(o)P(E(o))=> a,P..
i weQ i

' HaobopoT, M3 abcoMOTHOW cxoaumocTn > &P cnegyeT abcontoTHas
i

cxoaumocTb psiga > E(w)P(E(w)) 1 paseHCTBO uncen
weQ)

;aiPi = > goP(Ew)).

0weQ)
Mo3aTOMy MpaBOMOYHO Clefylollee  ornpegeneHve: MaTeMaTMUYeCKUM
O>KMaHVEM  [AUCKPETHOW  ClyyYalHOW  BeIMYMHbLI &  HasblBaeTCqd  Cymma

Npoun3BefleHNli BCeX ee BO3MOXHbIX 3HAUYeHUid (ay, ap,...) Ha UX BeposTHOCTM (Py,
P,,...) NpX ycnoBum abCcontoTHOM cxogumocTy psiga > a;P, .
i

Nintepatypa [5, C. 85-89; 9, C. 108-110; 13, C. 105-113].

MaTtemaTnyeckoe oXkmnaaHue
HernpepbIBHOW C/1y4YanHOW BEIMYNHbI

MaTemaTnyeckoe o>kugaHne M & HenpepbIBHOW Cry4yaHOW Be/IMUYNHBI
Ha3blBaeTCA WHTErpan OT MPOM3BEAEHMS ee 3Ha4YeHWi X Ha MNOTHOCTb ee
pacnpegeneqmns f(x).

ME=[xf(x)x (1.16)
rfie HeCOBCTBEHHbIN MHTErpan NpeanonaraeTcst abCoMoTHO CXOAALLMMCS.

NuTtepartypa [5, C. 96-98; 9, C. 110-114; 13, C. 105-115].
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MaTemaTnueckoe oxuaaHue QyHKLUMn
OT OZHOM CNy4YaHOM BENNYUNHBI

MOXHO MOKa3aTb CrnpaBea/MBOCTb (DOPMY/N BbIMMCNEHUA NS MaTeMaTu-
YECKOro OXuaaHus OT (QYHKUMM  ClYyYalHOM BeIMYMHBLI, MNpPU  abCOMOTHOM
CXOAMMOCTY COOTBETCTBYHOLLENO psja U MHTerpana.

Myctb n=o(x) Torga

Mo(&)= > o(x )P, (1.17)

roe & — [OMCKpEeTHaA CryuvaiiHasi Be/MUMHA; X; — ee 3HadeHusa u psg > o(x; )P

CX0AMTCA abCONHOTHO.
Ecnu & HenpepblBHasA cyyailHast Be/IMYMHa, TO

Mo(&)= [o(x)f (x)dx (1.18)
rae f(X) — MNOTHOCTb pacrpedeneHust CAydYaiiHOi BeNMUUHBI & W UHTErpa
CXOANTCA abCONKOTHO.

CBoMcTBa MaTeMaTUNYECKOro O>KNgaHns

1. Mc =c, rae ¢ — const.

2.M(c§&)=cME,.

3 MExN)=ME+Mn,rae & U n — nobble Cy4vainHble BeIMUMHDI.

4. M(€ - n) = ME - Mn, ecnu & 1 1 He3aBUCKMbIE C/TyYaiHble BE/IMYMHDI.
CnyuyaliHble BeNMMUYUHBI & 1 1) HA3bIBAKOTCA HE3aBMCUMbIMW, €CNA AN NMOBbLIX X

ny

PE<xn<y)=PE<x)-Pn<y).

Nuntepatypa [5, C. 87-88; 9, C. 118-120; 13, C. 113-117].



46

[vcnepcua n cpegHee KBagpaTuyHoe
OTKJIOHEHWME CyYanHOMN BeNTUUMNHbI

Ancnepcrein cnydainHom BenimunHbl & = & (o), (o € Q) Ha3bIBAETCA YMCO0
Dg = M(g - Mg)* (1.19)

T.e. pAucriepcna paBHa MaTeMaTU4ECKOMY OXWUAaHWKO KBajpaTa OTK/IOHEHUA
Cﬂyl-lal\/llHOI\/'I BENMMYNHBLI OT CBOENT0 MaTEMaTUYECKOI 0 OXKNAaHUS.

Ynucno /DE HasblBaeTCcA cpefHee KBafpaTW4YHOE OTK/IOHEHWE ClydaliHOM

BE/IMUYUNHBI E.
3 onpeseneHns gucrnepcun Ans AUCKPETHOW BEIMUNHBI UMEEM

Dg = 3. (x —ME)°R,

e X; — 3Ha4YeHue Cry4yainHon BeNNUNHbI E.
[nsi HenpepbIBHON BENNUYNHBI &

DE = jw (x = MEY f(x)dx

rae f(x) — NNOTHOCTbL pacnpefeneHns CiyyaiiHoi BeNNUMHDI.
[ns BbluMcneHns gucnepcun ygobHa popmyna

Dg = Mg” —(ME)’.
CaolicTBa agncrepcum
1. Dc =c, rge ¢ — const.

2.D(c&)=c’DE, rae c—const.
3.D(E+n)=DE&=xDn,rge & unn— He3aBUCUMbIe C/yYaliHble BE/IMYMHBI.

Nutepartypa [5, C. 100-106; 9, C. 120-125; 13, C. 117-121].
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Turnosble NpUMepsI

1. BblUMCANTbL MaTEMATUUYECKOE OXKWUAHWUE, AUCNEPCUIO MHAMKATOPa COObITUS

A.
PeweHne
3aKoH pacnpegeneHus I, nmeet Buz
Ia 0 1
P(la) 1-P P

rae P BEPOATHOCTb «MOABAEHUA» coobITNA A B OAHOM UCNbITaHNI.
MIa=0(1-P)+1-P=P,

DIa=M(Ia=M (1))*=(0-P)*(1-P)+ (1-P)*P=
=(I-P)(P*+P-P?) =P(I-P),
nn
Dla=p-q

rpe q=1-P,
2. Bblumcnnte DE n M(E), ecnn cnyyaiiHas BennuMHa & pacnpefenieHa no
OVIHOMMHA/IbHOMY 3aKOHY, T.€.

P(E=m)=Cl'p"q" ",

rge N > m — Uenoe MofIOXKUTENIbHOE YMCNO; P — BEPOSITHOCTb «MOSIBNEHUS»
COObITUS A BEPOSATHOCTb YCMNexa B KaKAO0M eAVHUYHOM UCTbITaHUW; g = 1 — p — «He
MOoSIBNEHMS» COBbITVS A OTCYTCTBME yCrexXa B KaKA0M eAVHUYHOM UCMbITaHUN.

PeweHwune
MpeacTaBum CRyYanHyto BeIMUMHY & ymcna ycrnexoB («nNosiBNeHWn» cobbITuS
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A) Npn N KPaTHOM MOBTOPEHUM B BU/E CYMMbIl UHAMKATOPOB YCMEXOB.
E=1(A) + 1(A2) +...+ 1(Ay).

I(A) = 1 — B cnyyae ycriexa npu k mncnoitaHum n 0 — B NPOTUBHOM C/lyyae.
Mo3aToMy MX CymMMa eCTb C/lyyailHas BenMuuHa & paBHas 4Mc/ly YCMexoB Mpu n
KpPaTHOM MOBTOPEHMMN UCTIbITAHNS.

N3 cBoicTBa (3) MaremaTuyeckoro OXuAaHus W pesynbTara peLleHus
npumepa 1 nmeem

n

Me=3M(l, )=nP (T.k. M(1,, )=P).

k=1

CnyuyaiiHble BennuuHbl 1(A;), 1(Ay), ... He3aBUCKMMbIE, NO3TOMY MO CBOMCTBY (3)
n
aucnepcun DE = ZD(I ) Ho D1, ) =pg, k=0,1,..
k=1

Moatomy DE = npg.
3. Bbluncantb  maTtemMaTMyeckoe  OXMAaHue  CydaliHOW — BeNMYUHBL - &
pacnpeesnieHHo Mo 3akoHy lMyaccoHa

7\.k -\

P(¢=k)= X ,k=0,1,.
M(E)= kak e’ 2(7‘“)—
:e‘k-k-e =2,

T.K.

k

1+ 4. +—+...=¢€".
il k!

DE = M(& — ME)?, BMecTe ¢ TeM ME” = ME (€ - 1) + ME,

Bbluncnnm



[MosTomy
ME =AM+ AU DE=A"+ L —A% = A,

4. MycTb cnyyailHaa BennunHa & pacnpefeneHa paBHOMEPHO Ha [a; Db].
Boluncnnts M(E) n DE.

PeweHune
f(x):i, x e[a; b].
b-a

f(x)=0, xgl[a;b].

[MosTomy

Txdx x> \b:b+a

Ma= ) a ™ 2(b-a)a 2

a

[ins Bbluncnenus D & Bocrnonb3ayemcs hopmynoii D &= M £2 — (M &)° .

Mg:?xzdx: X \b:b2+ab+a2
‘b-a 3(b-a)a 3 '
DE = b?+ab+a® (a+b) _(b—a)’
3 4 12

5. BbluMCIMTb MaTeMaTU4eckoe OXMWAaHMe W AWUCMEPCUID  CNyYaliHOlA
BEMMUMHBI & pacnpeaenieHHOM No NoKasaTe/lbHOMY 3aKOHY, T.€.

f(x)=1e™, x>0.
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PeweHne
Mo hopmyne

+o0
_ 1
ME = [xhe ™ dx = N (MHTEerpa BbIYMCNAETCA MO YacTAM).
0

1 2 1 1

+00
DE = [x* e ™™dx -~ - =,
- £ A2 W A2

5. = [DE ="

X .

+o0
WnTerpan [ x“Le™dx BbIUMCNAETCA KaK 1 NPe/blyLIMiA N0 YacTam.
0

MeToamnyeckune ykasaHus

CnefyeT 00paTuUTb BHMMaHMe Ha COAEPXKATEe/bHbIA CMbICT  YMCNOBbIX
XapaKTEPUCTUK Cly4ainHON BENNYNHDI.

MaTtemaTnyeckoe OXufaHvWe HasblBalOT CPefHUM 3HAYEHWEM Cy4ainHoOW
BE/IMUMHBI &, NOAYepKMBas TEM CaMbIM CTATUCTUYECKMIA CMbIC/ 3TOT0 NOHATUS.

Bvmecte ¢ TeM MaTeMaTMYecKoe OXWAaHMe  HasblBAOT  LIEHTPOM
pacrnpefeneHuns, LEeHTPOM TpYnnuMpoBaHus, LEHTPOM pacCesiHUA  CNy4vanHol
Be/IMUMHbI &, KOTfa XOTAT MOAYEpPKHYTb, 4YTO MaTeMaTUYecKoe OXuaaHue
MPUMEHSETCA B KayecTBE XapaKTEPUCTUKM MOMIOXKEHUA CyYaliHOW  BEe/IMYUHDI.
MartemaTnyeckoe OXugaHne WMeeT pasMepHOCTb OfMHAKOBYHO CO C/ly4aliHOM
BEMUYMHON &. Hapsifly C XapakTepucTMKaMu MOJIOXKEHUSI CNydaliHOW Be/IMYUHBI
OONbLUYIO POJib KaK B TEOPUU, TaK U B MPUIOKEHUAX MMEKOT 3HAYeHUs paccesHUs
3HAYEHWIA CIyYanHOW BENIMUMHbBI OKOJIO0 LIeHTpa ee pacrpegeneHus.

B KauectBe Mepbl paccesHWs MPUMEHSETCA CpefHee  KBaLpaTU4HOe

OTK/NOHeHVe o = /D& cnyyaiiHo BennurHbl &. Mpuyem pasmepHOCTb G COBMAAaET C

Pa3MEepPHOCTLIO CNy4ainHON BENNUYNHBI E.
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YnpaxHeHuA

1. CnyvariHo 6epeTcd OAHa KOCTb [OMWHO. HaliTM MaTemaTunyeckoe
OXKuaHue CyMMbl OYKOB Ha ee nosioBnHax & n n. Haintn M(E + n).

2. MartemaTnyeckoe OXufaHune W [AMCNEPCUS CYyYalHOW BENUUYUHBLI &
paBHbl, COOTBETCTBEHHO, 2 1 10. HaliTu maTeMaTU4eckoe OXuaaHue W
AVCNepcuio BeNNYMHBI 2E + 5.

3. T1noTHOCTL pacnpeneneHns & paBHa

()= x e [12]
0, xel12]

Haiitn ¢, Mg, DE
4. CnydvaliHas BennunHa & MMeeT MI0THOCTb BEPOATHOCTY

Tcos?x, npu IX| < ks
2 ’ 2

7T
0, npn |x> >

Haintn Mg, DE.

1.11. HepaBeHcTBa YebblLLeBa 1 3aKOH 60/1bLLINX YNCeN

[ns nto6oi cnyyaHoW BeIMUMHBI &, UMEIOLLIE KOHEYHYIO AWUCNEPCU0 U A1
noboro yncna g >0

bs
82.

P(g—Mg/>¢g)<

9T0 HepaBEHCTBO MOXHO 3anucaTb B ApYyromM Buje
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P~ Mg<g)21- 2.

3T [1Ba HEpaBeHCTBAa Ha3bIBalOTCA HepaBeHCTBaMK UebbiLLeBa.

Teopema YebbileBa
Ecnn. &y, &,,...E, NOCNeA0BaTE/IbHOCTb C/yYailHbIX BEMYMUH TaKKX, YTO

1). OHM NONapPHO HE3aBUCUMBI;
2). UMEIOT  KOHeYHble [UCMEepCUK, OrpaHUYeHHble OfHOW U TOW XKe

NOCTOSAHHOM € > 0 TO, KaKo Obl HM 6bI10 € > 0,

<S]=1.

Teopema bepHynnu. TlycTb p, — 4YMUCNO YCNEXOB B N UCMbITaHUAX
BepHynnn 1 p BepoOATHOCTL ycrnexa B KaXAOM OTAENbHOM UCNbITaHUKW. Toraa

<8]=1.

Nntepatypa [5, C. 115-119; 9, C. 146-154; 13, C. 130-133].

n—oo

imp{3:5,- 23

ans nooro € >0

i n __
tim e[ .- p

Tunosble NpUMepbI

1. Vcnonb3ys HepaBeHCTBO YeObllleBa, OLEHWUTb BEPOSATHOCTb TOrO, YTO
nobas cnydaiiHas BeMUMHA & OTK/IOHWUTCA OT CBOEro MaTeMaTU4ecKoro
OXWUJaHMA MEHEE YEM Ha TPU CPeAHMX KBaApaTUUHbIX OTK/IOHEHUS 3TOM
BE/TNUMHBI.

PeweHne
3 ycnosus 3agaum D & = 6%, € = 3o, TOraa 13 HepaseHcTBa YebbilLesa MMeeM
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2

PQ@—M@\<3<;)21—9%, Te.

o

P(& - Mg|<3c)= ¢ ~0,89:

O

[Mony4yeHHOE COOTHOLLIEHNE HOCUT Ha3BaHWe «NpaBunio TPEX CUTM».
CpaBHUTE C «MpaBnioM TPexX CUrM» AN HopManibHOro pacnpegeneHus (n.1.7).
2. lnckpeTHas cnyyainHas BenMymHa & 3afaHa 3akoHOM pacrpegeneHus

g 0,3 0,6
P 0,2 0,8

icnonb3ys HepaBeHCTBO UebbILwLeBa, OUEHNTb BEPOATHOCTb TOIO, YTO
£—Mg[<0,2

PeweHne
Bbiuncium Mg, ME* n DE = ME” — (ME)°

Mg=0,3-0,2+0,6-0,8=0,06+ 0,48 = 0,54,

M&Z =0,09-0,2+0,36-0,8=0,018 + 0,288 = 0,306,
D¢ = 0,306 — 0,2916 = 0,0144.

N3 HepaBeHCTBa YebblLeBa Nomy4nm

0,0144

P(5-054/<0,2)>1- 004

=0,64.
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MeToanyeckne ykKasaHusd

HepaBeHCTBO YebblleBa MNO3BO/MSIET OLEHWUTb BEPOATHOCTb  YKIOHEHMS
C/ly4ailnHOWM BENIMUMHBI & OT CBOEro MaTeMaTUUeCcKOro oXmaaHms no n3secTHomn DE.

ATO HepaBeHCTBO BeCbMa [MOMIE3HO MpPU  Pa3INYHLIX  TEOPETUYECKMX
nccnefosaHusx. CogepxxaHue Teopembl YeObilleBa COCTOMT B TOM, YTO CpefHee
apuimMeTMYeCKoe CNy4YainHbIX BeIMYMH (MOMapHO HEe3aBUCUMbIX U C OrpaHNYeHHOM
Aucnepcrein) npu AocTaTouHO 60/1bLWOM N OyAeT Kak YrogHo Mano OTaM4YaTbCs OT
ymcna

1 n

YnpaxHeHusA

1. [nvHa M3rotaB/MBaeMbIX W3AeNNiA NPeacTaBNseT Cy4vaHyto BeMUKHY,
CpefiHee 3Ha4yeHWe KOTOPOi (MaTematuyeckoe oxupaHue) paBHo 90 cM.
Avcnepcua aToil BennuMHbL paBHa 0,0225. mMcnonb3ys HepaBeHCTBO
UebbllweBa, OLEHUTb BEPOATHOCTb TOrO, 4YTO a) OTK/IOHEHME AJ/IHbI
M3roTaB/IMBAEMOr0 M3MeNNs OT ee CpefHero 3HayeHus No abCoNOTHON
BefiMuMHe He npesbicuT 0,4; 6) AMHA W3LENWA BbIPasUTCA YUC/IOM,
3aK/1o4YeHHbIM Mexay 89,7 n 90,3.

2. [aHa nocnenoBaTeNbHOCTb HE3aBUCUMbIX ClyYalHbIX BENUUUH &1, &y, ... &
CnyvaitHas BenmumHa & (0 = 1,2,...) MOXeT MpuHMMaTb TONbKO TpW
sHauenus: ~/n, 0, /n ¢ BEPOATHOCTAMMU, COOTBETCTBEHHO, %1—%%

MprMeHMMa /I K 3TOI NocnefoBaTe/IbHOCTH TeopeMa YebbiLleBa?
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PA3AEN 2. OCHOBHbIE NOHATUNA N METO/bI
MATEMATUYECKOW CTATUCTUKU

2.1. FeHepa/ibHas COBOKYMHOCTb U BbIGOPKA.
BapuaLunoHHbIN psag.

COBOKYMHOCTb O0OBLEKTOB OAHOW NPMPOAbl MM COBOKYMHOCTb 3HAYEHUMN
HEKOTOPOro Mpu3Haka OOBLEKTOB Ha3blBaeTCA reHepasibHOM COBOKYMHOCT biO.
OCHOBHOW 3afa4eit MaTeMaTUYeCKoM CTaTUCTUKM ABNSETCA OnpefesieHne BEPOSTHBIX
XapaKTepuCTUK reHepasbHOA COBOKYMHOCTMU: 3aKOHa  pacnpefeneHus,
MaTeMaTUyecKoro OXuAaHWa Kakoro-mbo npusHaka, ero Aucrepcunm n ap. Kak
NpaBWnoO, MOSIHOE WCCNeAOBaHMe TreHepasibHOM  COBOKYMHOCTM  OKasblBaeTcs
HEBO3MOXXHbIM WM HeuenecoobpasHo. Hanpumep, npu  OLEHKE HEKOTOpPOro
nokasatens kKayecTBa NPOAYKUMM MaccoBOro MNpou3BoAcTBa. [loaTtomy u3
reHepasibHOM COBOKYMHOCTW C/y4yaliHbiM 06pa30oM BbIGUPAKOT 4YaCTb OOBLEKTOB,
KOTOpas Ha3blBaeTCcA BbIOOPKON. UMCNO 06BEKTOB BbIGOPOYHON WM reHepasibHOM
COBOKYMHOCTW Ha3blBaeTCs 06bEKTOM COBOKYMHOCT U.

Mo pe3ynbTataM OOGCNY>XMBAHWA BbIOOPKN [eNaeTcs BblBOA4 O BEPOATHbIX
XapaKTePUCTUKaX  rFeHepasibHOM  COBOKYMHOCTM.  [lpu  3TOM  MNOMb3YyHOTCA
CTaTUCTUYECKOW BEPOATHOCTbIO. Bblbopka Has3blBaeTcA NpeAacTaBUTe/bHOM
(penpeseHTaTUBHOM), €CNN: KaX[blA 3NEMEHT TFeHepaslbHOW COBOKYMHOCTM C
O[JMHaKOBOWN BEPOATHOCTbIO MMEET BO3MOXXHOCTb MOMNacTb B BbIOOPKY; BCE 0OBLEKTHI
BbIGOPKM BblIOpaHbl Cy4YainHo. Pa3nnyatoT NOBTOPHbIE U 6eCrOBTOPHbLIE BbIGOPKMU.
B nepsom criyyae Kax[plil BblbpaHHbIA 06BEKT Nocne 06CnefoBaHNA BO3BpaLLaeTCs
B reHepasilbHYy0 COBOKYMHOCTb Nepes BblbopoMm cregytowero obbekra. Bo BTopom
c/lyyae BCe BblOpaHHble 00BLEKTbI BbIOOPKN B reHepasibHyt0 COBOKYMHOCTbL MOC/e
obcregoBaHMs He BO3BpawjatoTcA. [eHepasibHasd COBOKYMHOCTb MOXET  ObITb
pasfenieHa Ha rpynnbl 1 BbIGOpKa OCYLLECTBMISETCA, HaNpuUmep, No OAHOMY OOBLEKTY
N3 rpynnbl, CEPUN.

Mo reHepanbHOMN COBOKYMHOCTHIO MOXET MOHUMATLCA W UCCnefyemMas
cfyyaiiHast BefmMumHa. py 3TOM BbLIGOPKON OYAeT CAYXWTb COBOKYMHOCTbL ee
3Ha4YeHW, NONYYEHHbIX B pe3y/bTare 3KCNePUMEHTOB C NOCTOSAHHBLIMW YCI0BUSMM.

3mepeHns 3Ha4yeHUss HeKOTOPOro npusHaka 06bekTa BbIOOPKM Ha3blBaeTCH
CTaTUCTUYECKUM HabnwgeHnem. B obwem cnyvyae M3MepeHWs  MOryT
OCYLLECTBNIATLCSA M MO HECKONbKMM MNpU3HaKaM OObeKTOB BbIGOPKW. TycTb & —
CflyyalHas  BeNMYMHA,  NPeACTaBnslollas  HEeKUA  MpU3HaK  reHepasibHOM
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COBOKYNHOCTU; F(X) — ee (PYHKUMA pacnpefeneHus X, X, ... X, — Pesynbrarhbl
He3aBNCKMbIX HabMOLEHNA CNyYaliHOW BENNYUHBI &. DTU pe3ysibTaTthl, 3anuCaHHbIe
B MOPSAAKE X NOMyYeHMss 06pa3ytoT CTaTUCTMYECKUI P UK BbIGOPKY 06bema n
ANA cny4vainHon BenmumHbl E. BblGoOpKa OyAeT HarnsfgHei, ecnm Bce pesy/bTaTbl
yrnopsaounTL MO BO3pacTaHUio Wan yobiBaHuio. OfHAKO B BblIOOpKE HEKOTOpble
3HAYeHUA MOTYT MOBTOPATLCA HECKO/bKO pas. [oaTomy LenecoobpasHo pesysnbTarhl
3anucatb B BMAe Tabnuupl — B NepBoM CTonbue (CTPOKe) KOTOPOro 3anmcbiBakTCH
3HayYeHUs X; B MOpsAAKe WX BO3pacTaHWd, a BO BTOPOM — 4ucria N — 4acToTbl
MosB/EHNA i-ro 3HayeHMs. Takas Tabnuua HasblBaeTCs BapuaLMoHHbIM psgom. Ecnm
BbIOOpKa 06beEMa N COAEPXKUT M PasNNUHbIX 3HAYEHUA W 3HAYEHWE V; (izl,_m)

BCTPEYAETCA N; pa3, TO OTHOWWIEHNE ; =N, /N Ha3blBaeTCA OTHOCUTE/IbLHOWN YaCcTOTOM

m m
pesynbTata y;. O4eBMAHO > n;=n. > o, =1.

i=1 i=1

Ecnm umcno m cAMWKOM BeNMKO waM 61M3KO K N, TO LenecoobpasHo
COCTaBUTb TaK Ha3blBaeMblIi MHTepBasIbHbI BapUaLMOHHbIN psag,.

Mpn 3ToM nepBblii  cTONGEL, (CTPOKa), YyKasaHHbIA Bblle Tabnuubl,
3ano/IHAETCA UHTEPBa/IaMM 3HAYEHWNIA reHepasibHOM COBOKYMHOCTU. 15 NOCTPOEHNS
MHTEPBa/IbHOr0 BapUaLMOHHOIO psiga Heo6XoAMMO ONpefennTb ASIMHY MHTepBana,
MX YUCNO W COOTBETCTBEHHO CrpynnupoBaTb pe3ynbTaTbl HabnogeHuA. NS
OPWEHTUPOBOYHONM OLIEHKM 4ucna MHTEepBasioB K pekoMeHAyeTcs MNob30BaThCs
thopmynon Ctepaxeca.

k~1+3,322Inn

Torpga anvHa HTepBana (Bce O4MHAKOBOW ANMHBI) ONpPeaennTLEs Mo hopmyne

A€ Xpa: Xmin — COOTBETCTBEHHO MaKCMMalbHOE W MWUHUMaIbHOE 3HAYeHUs

BbIGOPKM. DTV 3HAYEHNS JO/MKHbI BOATW COOTBETCTBEHHO B MEPBbIN 11 MOCNEAYOLLIA
VHTEPBA/IbI.

padkn  BapuaLMOHHbIX PSA0B. Vcnonb3yeTcs ABa Buaa rpadMKoB:
MOSIMIOH U TMCTOrpaMmy. ECnM BapuaLMOHHBIA psf COCTaBNeH MO 3HAYEHUAM
Pe3ynbTaToB HAGNIOAEHWIA, TO NOMMIOH CTPOST U3 OTPE3KOB, COEANHSIOLLME TOUKM C
koopauHatamu (X, ®;). TWUcTOrpaMma CMYKUT ANs  W30BPaKEHWs  TO/bKO

MHTEPBa/IbHOIO BapMaL'OHHOTO psaja.
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[Py NOCTPOEHWM TUCTOrPaMMbl Haf, KaKabiM WHTEPBanoM (X, X;, ), CTPOST
NPSMOYTO/IbHYK, BbICOTa KOTOPOr0 NMPOMOPLMOHa/IbHA 3HAYEHUIO ®; UK N..

2.2. dMnnpuryeckas PyHKUUA pacnpeneneHns

"eHepasibHad COBOKYMHOCTb MMEET HeKyl (YHKUUIO  pacnpesesneHms
F(x)=P(£<x), KoTopas, Kak MpaBuiO, HenW3BecTHa. Ha OCHOBaHMM 3aKOHa

6O/bLUNX YMCEN MOXKHO HAWTI 3MMMPUYECKYIO (DYHKLMIO pacripedenennst F(x).
dopmyna a4ns  onpegenedns  F(x) aHanoruuHa gopmyne  yHKLUN
pacnpegenenns F(X) AWCKPETHOM CrydaiiHOW BeNMUMHBI, B KOTOPOW BMECTO

BEPOATHOCTM P; MPUHATA C/yyailHas Be/IMYMHA 3HAYEHWs  X; WCMO/b3YyeTcs
OTHOCWTe/NbHasA YacToTa n; /n, T.e.

Fr(x)= X (21)

Xj <X n

dopmyna (2.1) ncnonb3yeTca U ANs UHTEPBa/IbHOrO BapuaLMOHHOIO psfa.
Mpn 3TOM B KauecTBe MpeACTaBUTENs UHTepBana [x;, X.,| GepeTca ero cepeauHa.
Haye, 0COGEHHO €Cn BCe 3HAYEHMWs C/yYaliHON BENMYUHBI B KaXKAOM WMHTepBase
pacnpefeneHbl PaBHOMEPHO, B KayecTBe MNPeACTaBUTENS WHTepBana 6GepyT ero
MpaBblil KOHeL,

Bbi6opoYyHasa cpefHAS 1 gucnepcus
B kayecTBe BbIGOPOYHOW CpefdHEe MCNONb3yeTcs cpefHee apuUimMeTUyecKoe
BbIOOPKU X1, Xa, ... Xn, 0OBEMA N:

Ecnu no BbIGOPKE MOCTPOEH BapuaLMOHHbIN paj, TO

x=1Syn, (2.2)
Niza
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roe Yi, Y2, ... Ym, — M Pa3fIMUHbIX 3HAYEHWIA CNy4vaiHOW BeNMUYUHBLI & B BbIOOPKE
o6bema n; n; (i =1,m) — yacToTa nosiBNEHNS y;.

B cnyyae vHTepBasibHOro BapuauMoOHHOIO psga B qopmyne (2.2) y; ecTb
CpefHee 3Ha4yeHMe BCeX BbIOOPOYHBIX 3HAYEHWIA, BOLLEALLNX B i-i1 IHTepBaJl.

HecwmelleHHas, T.e. He COfepXKallas CUCTeMATUYeCKON OLIMOKK, BbIBOPOUHaS
Aucnepcus onpesenserca no gopmyne

[ns  BbIGOPKW, NPeACTaB/IEHHON BapvauWOHHLIM  PSAOM,  MCMOMb3YeTCs
(hopmyna

S? =1(iniyf—nx2j. (2.3)

n-1\ia

dopmyna (2.3) NpUMeHSEeTCS 1 ANa cny4vas MHTepPBa/IbHOMO0 BapUaLMOHHOIO
psaa ¢ 3aMevyaHnsAMUN aHaIorMYHbIMU B OTHOLLEHMM hopmyibl (2.2).

Nntepatypa [5, C. 120-125; 10, C. 181-187].

Turnosble NpUMepsbI
1. Ans cnyyariHOM BeIMYMHBI X NOJyYeH CTaTUCTUYECKUIA psg (BbIGOPKaA):

1,9,6,7,7,3,5,6,6,2,4,7,8,0,9,7,5,3,5,2,6,5,4,6,9, 3, 10, 4,
1,6,7,2,4,5,4,6,9,4,2,3,5,2,10,7,2,4,5, 8, 8, 4. O6bem Bblbopkn n = 50.

3anucatb COOTBETCTBYHOLIMIA [aHHON BbIOOPKE BapWaLMOHHbLIA psg U
MOCTPOUTb NOMMUIOH YacTOT BbIGOPKW.
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PeweHwne

Bbi6opka cofepxuT 11 pa3nnyHbiX 3HadeHun (m = 11):
0,1,2,2,4,5,6,7,8,9, 10. 3anucbiBas nx B TabnnLly ¢ COOTBETCTBYHOLLMMM
yacToTaMu, NONyYMM BapUaLMOHHbIN psif

Vi 0 1 2 3 4 5 6 7 8 9 10

2. Mpn wnccnegoBaHMM  HENPEPLIBHOW  CYYalHOW, BeNMYMHBLI  MOSTyYeHa
BbI6OpPKa:

759, 7,48, 746; 740, 7,24, 741, 734, 743, 7,38, 7,60;
126; 7,43, 737, 155, 742, 741, 730; 7,14, 7,42, 7,52;
746, 7,39, 735, 732, 7,18; 7,30, 754, 738, 7,37, 7,34
750, 761, 742, 132, 7,36, 7,40, 767, 731, 7,40; 7,36;
728, 758, 738, 758, 726; 737, 7,28, 739 7,32, 7,20
143, 7,34; 745, 733, 741, 733, 745 731, 7,45, 7,39.

O6bem BblIGOpkK N = 60.
TpebyeTcsa 3anucartb BbIOOPKY B BUJe MHTEPBa/IbHOr0 BapyaLMOHHOIO paja 1
MOCTPOUTL FMCTOrpaMmy BbIOOPKMN.

PeweHune

OueHuM ymncno nHTepsasios no opmyne Ctepgkeca 1+ 3,321g60 ~ 6,90.
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[MprMeM YnCno MHTePBaNOB r = 7. [ANA AaHHON BbIGOPKN Xmin = 7,14 Xmax =
7,61; noaTomMy LUMPUHA MHTepBasa oueHnBaeTcA Kak h = (7,61 — 7,14) : 7 = 0,067.
[MOCKO/MbKY MCXOAHbIe AaHHble onpeaenieHbl ¢ ToyHocTbio 0,01, HeT cmbicna B 6osee
TOYHOM BblYMCNEHMIA h. OKPYrnIMB M HECKO/bKO YBENYMB HaAeHHOe 3HayeHue
(4TOObI He YMEHbLINTb AMana3oH 3HAYeHWn UCCneayeMon Cry4vaiiHOW BENNYUHBI),
npumem h = 0,08. Ecnn NnpuHATL B Ka4eCcTBe /1eBOr0 KOHLLA NMepBOro MHTepBasia Xy =
7,10, TO B CEMM MHTepBaax PasMecTUTCS BeCb AManas3oH BbIOOPOYHbLIX 3HAYEHWUH,
TaK KaK npa.blii KOHeL, NocneaHero (ceabmoro) nHTepeana oyaet

Xer =X+ 7-h=710+7-0,08=7,66 > Xpax = 7,61.

Mpn 3TOM Xpin U Xmax MOMAAANOT MPUMEPHO B CepeAuHbl COOTBECTBEHHO
MepBoro M nocnefHero MHTepBasioB. IMEHHO TaKoe pacnosioXeHWe WHTEepBasiOB
00bIYHO peKOMeHyeTCS.

CocTaBuMm TabmLy B COOTBETCTBUM C NPUHATLIMU 3HAYEHUAMM Xy1, D, N T.

m.
UeTBepTasl CTPOKa [06aBneHa Ans pasMeLLeHUs BeMNUMH n_r; HE06X0ANMbIX

ANA NOCTPOEHUA TUCTOIrPaMMBbl.

M&ITZBZ)“ (7,10;7,18) |(7,18:7,26) |(7,26:7,34) |(7,34:7,42) | (7.42:7,50) | (7,50:7,58) |(7,58:7,69)

Cpeauh-

s | 7114 7,22 7,30 7,36 7,46 7,54 7,62

LJaC)T(iOTbl 1 3 12 22 12 6 4
% 0,21 0,63 2,5 4,59 2,50 1,25 0,83

BbiOpaB  noaxogdwmii  mMacliTab Ha  KOOPAMHATHBIX  OCAX, CTPOUM
rUCTOrpammy.
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3

(S

WY e I

hit 718 7,24 T3y a4 v 7 A

3. Bbluncnnte  BbIOOPOYHOE CpefHee W BbIGOPOUHYKD AMCMNEPCUD  ANA
BbI6OPKU Mpumepa 1.

PeweHwune

Monb3ysce hopmynoi (2.2), nonyyumnm

X:510(0-1+2-1+6-2+4-3+7-4+7-5+8-6+6-7+3-8+4-9+2-10):

-1 259=518
50

AHanornyHo no gopmyne (2.3) BbIMUCISEM BbIOOPOUHYHO AMCMEPCUIO

52 =419(1.0+2-1+6.22+4.32+7.42+7-52+8.62+

+6-72+3-8%2+4-9%+2.10%) =119-305,38z6,23.

MeToanyeckmne ykasaHmns

MpeanonaraeTcd CaMOCTOSITENIbHO MOCTPOUTb  AMMUPUYECKYID  (YHKLIO

pacnpefeneHns ans BbIGOPKM npumepa 1 1 yoeanTbes BU3YyanbHO B BbINOMHEHNN ee
0YeBUAHbIX CBOMCTB.

K uucny wHTepBanoB, OnpefeneHHbIX Mo dqopmyne CTepmxeca, cnefsyet
OTHOCUTbCS KaK K PEKOMeHJaLum.

B cnny HarnagHocTn n MPOCTOThI npuBeaeHHbIX NMPUMEpPOB,
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UNNIOCTPUPYIOWMX  COAEpXKaHWe AaHHOro nofpasfena, HeT  Heo6XoauMOoCcTy
NPMBOAUTL Ha 3Ty TeMy YnpaHeHus. VX npuaymaTb B AOCTaTOYHOM KONMYECTBE
CaMOCTOSTE/BHO.

2.3. TouyeyHas oLeHKa HEM3BECTHbLIX NapaMeTpoB Mo BbIGOPKe

[MpeanonoXum, 4YTo MO 3Ha4YeHWAM BbIOOPKM 00beMa n TpebyeTcs
OLUEHWUTb HEW3BECTHbIN MNapamMeTp O HEKOW BEPOSITHON XapaKTepUCTUKM
reHepabHON COBOKYMHOCTW.

TOYeyHOM  OUEHKOM  HEM3BECTHOro napaMeTpa 6O  Ha3oBem
MPON3BOJIbHYHO PYHKLMIO

0, =0,(Xy, Xy, X))

3HaueHnst yHKLUMK B, (X, X,,..., X, ) TP KOHKPETHbIX B Pe3y/ibTaTe BbIGOPKY
3HaYeHuaX X; =X, X, =X,, ... X, =X,, byieM paccMaTpmBaTb Kak NpuenKeHHoe

3HauyeHve napameTpa o.
YKaXeM CBOMCTBA OLIEHOK, KOTOpble 06ecreunMBaloT MX 6IM30CTh K

oLieHMBaeMoMy napameTpy 0.
OueHka @n napameTpa 6 Ha3bIBaeTCA HECMELLIEHHOM, ecnn M én = 0.

OueHka 6, napameTpa @ HasbiBaeTC COCTOSTESNLHON, €CAN MPU N —> oo
P(6, 6/ <&)—>1 ans noGoro & > 0.

OueHKa HasbiBaeTCs 3(heKTMBHON, €CAM OHa WMEET HaMMEHbLLYHO
BO3MOXXHYHO AMCMNEPCUIO.

NuTepatypa [5, C. 126-130; 10, C. 202-208].

TunoBble NpUMepbI

1. PaccmoTpuM  BbIGOPKY X, X,,...,X, COOTBETCTBYIOLLYIO C/lyyaliHOM
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BemunHe & ¢ F.(x)=P(E<x). TycTb Hac MHTepecyeT napametp a=ME.

MpeanonoXum, YTo Ham M3BeCTHa BennuMHa DE=o® (MM W3BECTHO, YTO OHa
CyLLeCcTBYeT M KOHeyHa). OObIYHO B KayeCTBe OLEHKW napameTpa a BblOuparoT
cpeaHee apudmMeTMUeckoe X 3HaueHWii BbIOOPKW, T.e. monaratoT

g oy =t Kot
n n

CorfiacHo orpefieNeHnto  BbIGOPKN  CNyyaiiHble BenMuuMHbl - X, X,,..., X,
HE3aBMUCUMbI 1 KaXKas UMEET pacnpeeneHne coBnagatoLLee ¢ &.
Mostomy MX, =a, DX, =c”.

N3 onpegeneHns a, W CBOWCTBA JIMHEAHOCTU ANs  MaTeMaTMYecKoro
OXWAAHWS 1 AUcnepcun, Noayymm

Ma, = MX = S (MX, + MX, ...+ MX, )= "2 _ 3,
n n

TeM CaMbIM a'n:Y €CTb HeCMeELleHHada OueHKa MaTeMaTU4eckKoro OoXXmaaHuAd

CNyYainHON BeNIMYMHBI E.
Nanee

~ 1 c
Da, :nZ(DX1+DX2+...+ Dx”):n:n'

Torpaa Ha 0OCHoBaHUN HepaBEHCTBa UebblLLEBA nosiyymnv

~

~ Da c*
P(a, —a/<e)>1- 2l

npu N — oo PQén —a\ < e)—)l, T.e. OUEHKa &, = X ABNSETCS COCTOATE/LHOIA.

Ecnv B KauecTBe OLEHKM NapameTpa o B3dTb 6 = S?, rae

S7=—"_Y(X,-X
n-1i3

TO MOXHO MOKasaTb, YTO S ABMAETCA HECMELLEHHOW OLEHKON o° U eci
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NPeAnonoXunTb, YTO cyljecteyeT ME*, To npu n— o DS? :OG), nocne Yero,

MCMO/b3YA HEPaBEHCTBO YebbILIeBa Moy4MM COCTOATENLHOCTb OLEHKN S2.

MeToanyeckmne ykasaHus

CneayeT 06paTWUTb BHMMaHWE, YTO CBOMCTBO HECMELLIEHHOCTM 03HAYaeT, UYTo
OLIEHKa HE MMEET CMCTEMATUYECKO OLLNGKN.

CBOIACTBO COCTOATENLHOCTM 06ECNEYMBAET CONMKEHNE OLIEHKU C M3MEPSIEMbIM
napaMeTpOM NpU YBENUUYEHNUIN YMCNA U3MEPEHWIA.

ShheKTUBHAsA OLIEHKA MMEET HauMMeHbllee paccesHWe 3HaueHWiA OLIEHKW B
MOCNefoBaTe/lbHbIX  BbIGOPKAX OKOMO  WCTUHHOIO  3HAYeHMst  OLEHWMBAEMOro
napameTpa.

YnpaxHeHuA

1. o gaHHOMY pacnpegeneHunto

£ 1 2 3 4
n 20 15 10 5

HailTu a) BblIOOPOYHYIO CpefHIol0  (CcpefHee  apumeTMyeckoe); 06)
HECMELLIEHHYIO OLLEHKY aucniepcun S°.
2. B pesynbTate NATM U3MEPEHWA ANUHBLI CTEPXHA OAHUM npubopom (6e3
CUCTEMaTUYECKUX MOTPELUHOCTENR) MoslyyeHa cneayrowime pesynbTatbl (B
MM): X1 = 92; X, = 94; x3 = 103; X4, = 105; x5 = 106. HaitTu a) BbIGOPOUHYIO
CPEAHIOK ANMHbI CTEPXKHS; 6) HECMELLEHHYIO OLEHKY AMCMEPCUN OLIMBOK
npubopa.

2.4. V'HTepBa/IbHbIE OLEHKWM HeN3BECTHBLIX MapamMeTpoB
CyLLl,HOCTb MHTepBaﬂbHOVI OLUEHKN COCTOUT B oOnpeaeneHnmn (I'IO JaHHbIM

HabntoAeHNs, BbIOOPKN) TaKoro YMCMIOBOr0 MHTEpBasa, OTHOCUTE/NIbHO KOTOPOro, C
3apaHee YCTaHOB/MEHHOW BEPOSATHOCTbIO  MPABU/ILHOCTM  CYXKAEHWUS,  MOXHO
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3aKMIOUYNTb, UYTO BHYTPU 3TOr0 WHTEpBaiia HaxOAWTCS WCTUHHOE 3HAuyeHue
OLIEHVBAeEMOro rnapamMeTpa.

Hanbonee 4acTo NpUMEHSIeTCS Ha MPaKTUKe BapuaHT MHTePBa/bHOW OLIEHKMN,
KOTOPbIi HOCUT Ha3BaHWe [OBEPUTENBHOIO UHTEPBaa.

Onpegenenne. [loBepUTENbHLIM WNHTEPBA/IOM [G}];eﬁ] ona napameTtpa 6

Ha3bIBAETCA TaKOW WHTEPBa], OTHOCUTENIBHO KOTOPOTO MOXHO C  3apaHee
Onpe/AeneHHoN, 6/IM3KON K eANHULIE BEPOSTHOCTLIO YTBEPXKAATb, UTO OH COAEPXKUT
HEN3BECTHOE 3HAYeHNe napameTpa.

NuTepatypa [5, C. 133-136; 10, C. 233-236; 13, C. 176-180].

TunoBble NPUMepbI

1. Myctb  TpebyeTcsi  MOCTPOWUTb  AOBEPUTENIbHLIA  WMHTEpBa AN
apuHMETNYECKOW CpeaHeit

B reHepa/lbHON COBOKYMHOCTW, MpWU 3TOM MpPeanosioxum, u4to X,
pacnpeeneHbl HOpMasibHO C NapameTpamu (a, o), Torga

—a
(0}
¢ napametpamu (0;1) M no Tabnuue 1 MOXHO HalTW YUCNO ANS KOTOPOro
BbIMO/IHAETCS COOTHOLLEHNE

MoaToMy cnyyvaliHas BeNMunHa

/N MMeeT HopMmanbHOe pacnpeaeneHue

P(—uysx_aﬁsuszy. (2.4)

(¢

Hanpumep, npu y = 0,95 n3 Tabnuubl nmeem u, = 1,96, a npu y = 0,99 -
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u, =2,58.

CooTHoLLeHMe (2.4) MOXKHO nepenuncartb
P(X—u c$<a<X+ukGJ=y.

Ecnm  Habnogaemas  cnyyariHas — BenMuMHa & MMEET  HOPMaslbHOe
pacnpejeneHune ¢ napameTpamu (a, c), HO ee cpefHee KBagpaTUYHOE OTK/IOHEHWE &
HEN3BECTHO, TO MOXHO MOCTPOMTb AO0BEPUTENbHBIA MHTEPBaN AN @, OnMpasch Ha
pacnpegeneHne CrTblogeHTa. W3 Tabnuy pacnpegeneHns CrbtogeHTa ¢ (n-1)
CTerneHAMn cBobOAbI (3HaueHne K) Haxoaum BennuuHy t, 419 KOTOPOi cnpasefMBo
PaBEHCTBO

— S
Pl X —t
( "n-1

2_ 1 Sx _xy
roe S _n—lé(x' X) .

<a<X+t, nS—lj:y' (2.5)

2. HoBbIl copT nweHuupbl 661N BbicesH Ha 10 OMbITHbIX yyacTkax. [locne
cbopa ypoxkas MosiydeHbl Cnefytolive AaHHble 06 YpoXKaiHOCTU B L, Ha
1ra:

Homep
yyacTka
Ypoxain | 25,4 | 28 | 20,1 | 27,4 | 25,6 | 239 | 24,8 | 26,4 | 27,0 | 25,4

1 2 3 4 5 6 7 8 9 10

TpebyeTcs NMOCTPOUTL [0BEPUTENbHBIA MHTEpPBA ANS CPeAHEro 3HavyeHus a
YPOXaHOCTW HOBOI0 COpTa MLUeHULbI, NpUHAB y = 0,95.

PeweHwne
T.K. YpOBEHb YPOXaHOCTM 00bIYHO MMeeT HOpMa/lbHOe pacrpefeneHune, a

napamMeTp ¢ HaM Heun3BeCTeH, TO BOCMO/b3yeMCA COOTHOLLEHMEM (2.5). [na Hawlero
cnyyas X = 25,4; S = 2,12. V3 Tabnuubl 2 pacnpegeneHns CTbloeHTa Haxoaum,
4To Npw K = 1 cTeneHsx cBo6oAp! t, =2,26, NoaTomy
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> =2,26- 212 =16.

" In-1 Jo

OTKyfa LoBepUTe/IbHbIA NHTEPBA 3aNULLETCS

254-16<a<254+16wwm238<acx?27.

3. CnyvailHaa BennuMHa & pacnpefesneHa HopMmanbHo, o: = 1. Haidtu
NIOBEPUTENbHBIN MHTepBan gnsanpu X =2;n=16;y=0,99.

PeweHwune

Mo Tabnuue 1 Haxopum u, = 2,58, Torpa u, [N Hallero cny4yas paBHO

(
1

2,58 2 = 0,65. Mo3aTomy 0BEPUTENbHbIA MHTEPBA UMEET BU/

2-065<a<2+0,65mnm135<ac< 2065
NuTtepaTtypa [5, C. 133-136; 10, C. 233-236].
MeTogmnyeckune ykasaHud

O6paTM BHUMaHWE Ha CNeayoLWwmnin NPaKTUYECKN BaXKHbIN acrexT.

O603Ha4YMM MOJMIOBUHY AJIMHbI  [JOBEPUTENbHOIO WHTepBaia A. B Teopuu
[NOBEPUTENbHBLIX WHTEPBA/IOB BCE TPWM BEIMYMHbLI 7y, A, N 00bIYHO TECHO
B3aMMOCBSA3aHbl WM MPUHAB ONPeAeNieHHOe 3HayeHue [ABYX W3 HUX, Mbl MOXeM
BbIYMC/IUTb BEIMUMHY TPeTbero 3nemeHta. Ha npakTMke Hambonee BaXHa
3aBMCUMOCTb N OT y U A. V36paB 3HayeHMe y [0BEPUTENbHON BEPOATHOCTU, A
«MOMIOBUHKW»  [ANIMHbI  AOBEPUTENBHOIO MHTEPBaNa, 0ObIYHO BbIYUCNAIOT, KaKOB
[0/1KeH ObITb 06beEM BbIOOPKM. OAHAKO MHOrAa BCTPeYaroTCa Cnydan, Koraa 3afaHbl
BE/IMYMHbI N, Y U BbIYUC/ISETCA COOTBETCTBYHOLLAA UM BE/IMYMHA A.

YnpakHeHUA

1. CraHOokK-aBTOMaT LWTamnyeT Baiuku. 1o BblGopke o06bema n = 100
BblUMC/IEHO BbIGOPOYHOE CpefHee [AMAMETPOB W3rOTOB/IEHHBLIX BAJIMKOB.
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HainTn C [goBepuTenbHOW BepoATHOCTbO 0,95 TOYHOCTb, C KOTOPOM
BbIOOPOYHOE CpefHee OLIEHMBAET MaTeMaTU4YecKoe OXWAaHWe AUameTpoB
M3roTaB/IMBaeMbIX Ba/IMKOB, 3Has, 4YTO WX CpefHee KBagpaTU4HOe
OTK/IOHEHWE G = 2 MM.

2. W3 reHepasibHOM COBOKYMHOCTW U3BNeYeHa Bblbopka o6bema n = 10.

£ 2 1 2 3 4
n 2 1 2 2 2 1

OUeHNTb C [0BepUTENBHOM BepoATHOCTLIO 0,95 ME = a npu Hem3BeCTHOM &
HOpPMa/lbHO  pacnpefeneHHOro  npusHaka reHepasbHOM — COBOKYMHOCTM MO
BbIGOPOYHOMY cpeaHeMy (apUPMETUUECKON CpefHein) ¢ NOMOLLLHO 1OBEPUTENIbHOMO
NHTepBasa.

2.5. INpoBepKa CTaTUCTUYECKUX TUMOTES

CTaTMCTMYECKO TUMOTe30M Has3blBAKOT Takyt TUMNoTesy, KOTopas
OTHOCUTCS UAIN K BUZY WK K NapaMeTpam pacnpeeneHuns cnyyaiHom nepeMeHHon 1
KOTOPY) MOXHO MpPOBEPUTb CTaTUCTMYECKM, T.e. ONMpasCb Ha pe3ynbTaThbl
HabMAeHNA B CNyyailHOM BblOOpKe. [MpoBepKY CTAaTUCTUYECKMX  TUMOTE3
BbINO/IHAKOT C MOMOLLbI CTaTUCTUYECKOro Kputepmsi. OH yCcTaHaB/MBAET MpPaBuMIIo:
MNPy Kaknx pesynbratax C/y4yainHoW BbIOOPKM MpoBepsieMas rmnoTesa NpuHMMaeTcs
WNW OTBEPraeTcs?

MpoBepsemyto rMnoTesy 0603Ha4YMm Hy 1 Bygem ee HasbiBaTb OCHOBHOWA,
MPOTMBOMOCTABNAS €6 MHOXeCTBy {H,} anbTepHaTMBHbIX TrUNoTe3 (A MOXET

npoberatb NH060e MHOXECTBO). [lanee MMeeTCA OnbIT, pe3y/nbTaT KOTOPOro X ecTb
3MIEMEHT HEKOTOPOro MHOXECTBA X, Ha3bIBAEMOT0 BbIOOPOYHLIM NMPOCTPAHCTBOM.
Ceasb Mexgy runoresamym H, W pesynbTatoM OfbiTa X COCTOUT B

cnefytoulem. Mpeanonaraetcs, 4To B X BblAeNeH [JOCTaTOYHO LUMPOKUIA Kace
noAMHOXecTB A< X Takux, YTo Npu Nto6oi BepHoli rmnoTese H, onpeaeneHbl

BeposiTHoCTU P(x e A/H, ), T.e. BEpOSTHOCTM TOrO, 4TO X MOMadeT B A, ec/n Ha
camoM fene BepHa rmnotesa H, .
dopmanbHO MpoLecc MPoBEpKM runoTessl H, COCTOMT B TOM, YTO

BblGUpaeTCs (onpeaenseTcs) HEKOTOPOe MHOXECTBO S (Ha3blBaeMOe KPUTUYECKMM
Aans runotesbl H,) 1 NpoBoAMTCA ONbIT. ECM pe3ynbTaT onbiTa X € S, TO runoTesa
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oTBepraeTcs. [Ns MOCTPOEHMS MHOXeCTBa S HeoOX0AMMO BbIGpaTb 3apaHee
«YPOBEHb 3HAYMMOCTW», T.€. MOMOXNTENbHOE YMcno o >0 1 NoTPeboBaTh, YTO Obl

P(XE%OJSOL.

Ecnn Mbl JOPOXXMM rMMOTe30M H, 1 He XOTUM ee OTBEPrHYTb MOHAMPACHY,

TO o [O/MKHO BbITb MasbiM, 00bIMHO BbIGMPaOT 04HO U3 3Ha4veHuid 0,05; 0,01 nnm
0,001.

[na onpefeneHnss MHOXeCTBa S UCMO/b3YHOT CreunaibHO MofobpaHHyo
C/lyYaiHyt0 Be/IMYMHY, TOYHOE WAN MPUBIMIKEHHOE pacrpefefieHne KOTOpOM
M3BECTHO, €€ U Ha3bIBaKOT CTaTUCTUYECKUM KpuUTepueM. 3 ckazaHHOro creayet, To

P(Xe % jSOL eCTb BEpPOATHOCTb OTBEPrHyTb runotesy H, (Korga oHa BepHa).
0

Takast oMbKa Ha3blBaeTCs OLIMGKOI nepBoro poga. W3 P(x S % js o, Cneayer,
0

YTO BEPOSATHOCTb OLUMGKM MEPBOro poAa He MPEeBOCXOAUT YPOBHS 3HAUYMMOCTU o .
KpoMme OLLNGKM MepBOro poja BO3MOXHA ellle OLM6Ka BTOPOro poja, KoTopas
COCTOMT B TOM, YTO rumnoTesa H, He OTBepraeTcs, KOrga OHa Ha CaMOM [Jefie He

BEpPHa, a BEPHa 0AHa U3 r'nnoTes Hk . BepoAaTHOCTb 3TOM OLLUMOKKM eCTb

B(4)= P[E%J =1- P(X © %J - P(%J'

DyHKUMA 1—B(k): P(x € % ) paBHa BepOATHOCTU OTBEPrHYTb FMMoTe3y
A

H,, €cnn Ha camoMm fene BepHa runoTesa H, , HasblBaeTCa (hyHKUMEl MOLHOCTM
CTAaTUCTUYECKOTO  KpuTepus.  [MO3TOMy  >KenaTelbHO,  uTobbl  cpeau S,

YI0BNETBOPSAIOLLMX YCNO0BUIO P(x € % )s o, BbIGPATb Takoe S , NPy KOTOPOM
A

()l 94,

roe max 6epeTcs Mo BCEM S YAOBNETBOPSIOLMX YC/OBUIO P(XE % jgoc, HO
0

S =S, OygeT 3aBuceTb OT A. Ecim S; He 3aBMCUT OT A, TO S =S, eCTb HauyyLwnin
KpUTEPWiA, eCNi OH MU3BECTEH, TO OH OMucaH BO BCEX Y4YeOHMKax mMaTeMaTU4ecKow
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CTaTUCTMKU. Ha npakTuKe mccneoBaTento 3ajadvy Bblbopa S MPMXOAMTCS pellaTb
camomy.

TunoBble NpUMepbI

CTaTuCTNYeCKas MpOBepKa rMMnoTesbl O 3aKOHe pacrnpegeneHus. Kputepuii
v (X1 KBagpar).

[locTaHOBKa 3aja4u

MycTb runotesa H, COCTOMT B TOM, YTO BblOOpKa X;,X,,...X, 00bEMa n
COOTBETCTBYET C/yuaiiHOM BennumnHe X ¢ dyHKUmel pacnipeaenerns Fy(x).
TpebyeTca BbINOMHUTL CTATUCTUYECKYHO NPOBEPKY 3TON MMNOTE3bI.

PeweHwune

[lNs CTaTUCTNYECKOM MPOBEPKM TunoTesbl H, UCMOMb3yeTcs Kputepuii 2,
CyTb KOTOpOI cneaytolas [7,10]. Pa3obbem YMCMOBYHO OCb Ha K HemepeceKatoLmXcs

k
HTepBanos hy,hy,...h, | Jh = (- oo+o0). Monoxum P =P(xeh;), i=12,...k.
i=1

ST BEPOSTHOCTM BbIYMCASIOTCA MO WM3BECTHON (DYHKUMKU pacrpefeneHuns
Fo(x). O603HauMM Yepes n; YNC/IO 3EMEHTOB X; BbIGOPKM NOMaBLUMX B MHTepBan h;.

3a Mepy OTKIIOHEHWs! pacnpesesnieHnst BbIGOPKM OT NPesnonaraeMoro pacrpegeneHus
Fo(X) npuHnMaeTcs BennumnHa

K. |_|I/IpCOH AOKa3aJl, 4TO B C/y4Yae CnNpaBed/IMBOCTN TUMOTE3bI HO

pacnpegeneHune CnyyaiiHol BeNMUNHBI y° MPU N —> oo CXOAUTCS K PacripeaeneHuio x>

¢ (k—1) cteneHsmm ceoboabl.
3agagmm yposeHb 3HaummocT o (oo = 0,05 mam o = 0,01 nam 0,001). Mo
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Tabnuue pacnpegenenmns y2 ¢ (k — 1) cTeneHbio cBo60Abl (CM. Tab1.3) HAXOAUM TaKoe
3HayeHve

121 470 Pl > 72 0)=0.

[lanee BbIYMCAUM MO UMEIOLLIECS BbIGOPKE 3HAUEHNE

. :Zk:(ni —np,)’ .

i-1 NP

EC/v npu 3TOM oKaxeTest 3,° > 2 4, TO TaKOe OTK/IOHEH!E 3HAUMMO W Mbl
C YPOBHEM 3HAYMMOCTW o OTBepraem runotesy H, Kak He cOrnacymoLlytocs c
OMbITHBIMW aHHBIMU. ECAM e B pe3y/ibTaTe BblUMCIEHU noayunm x> <y, ;, TO

3TO O3HAYaeT, YTo JaHHasA BbIbOpKa coriacyeTcs ¢ runotesomn H,.

Ha npaktuke uHTepsanbl h(i=12,...k) Bbl6GUpalOT TaK, 4TOGbI YMC/IO
3MIEMEHTOB BbIOOPKM B KaXAOM M3 HWUX ObLIO HE OYeHb MasleHbKMM, Hanpumep,
np; =27. Ecnn pacnpeaeneHue Fo(x) 3aBUCUT OT HEM3BECTHbLIX MapameTpoB, TO
BEPOSATHOCTU P, = P(x € hi) BbIUNCNAIOT, 3aMeHsAsA napaMeTpbl UX OLeHKamMn. B 3ToM
cny4ae uncno (k - 1) 4O/MKHO 6bITb YMEHbLLEHO Ha YNC/I0 HEM3BECTHbIX NapamMeTPoB.

Uwncnosoii npumep 1.

[MycTb 3afaHa BbloopKa A.
2,4,2,4,3,3,3,2,0,6,1,2,3,2,2,4,3,3,5,1
0,243,2,23,3,133,3,1,1,2,3,1,4,3,1
7,4,3,4,2,3,2,3,3,1,4,3,4,4,5,3,4,2,4,5
3,6,4,1,3,2,4,1,3,1,0,0,4,6,4,7,4,1, 3.

N = 79. Havano nepsoro nHtepsana: 0. [AnvHa nHtepsana 7.
TpebyeTtca ¢ ypoBHeM 3HauumocTM o =0,01, npoBepuTb TUMOTE3Y O
pacnpefeneHny MNyaccoHa reHepanbHOM COBOKYMHOCTM MO JaHHbIM BblIGOpKM A.
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PeweHune

3a Mepy OTKIOHEHWUs pachpefencHns BbIGOPKU OT MpPeAnaraeMoro
pacnpefeneHns MyaccoHa NPUHUMAETCS BeMUmMHa 2. MapaMeTpom pacnpeaeneHus

[MyaccoHa aBngeTca A = MX = DX, ero sHa4yeHve HeU3BECTHO, MO3TOMY MO AaHHbLIM
BbIGOPKU BbIYMCNM OLEeHKY MX no dopmyne:

L X —C
2 k

X="=L — k+c
n

M oueHky DX no qopmyne:

rae

S? — BbIGOPOUHAA ANCTIEPCUS:;
S? — HecMelLLeHHas OLIeHKa AVCrepcut.
[Mpn aTOM
X; — BapUaHTbl C/TyYaliHOW BE/IMYMHBI,
N; — COOTBETCTBYHOLLME YaCTOThl,
M — KOMIMYECTBO BapMaHTOB,
n — 06beEM BbIOOPKY,
k — war Tabnnupbl,

C — MPOV3BO/LHOE YMCO (NIOXKHBIWA HYNb, ANS NPOCTOTbI BbIYUC/EHWIA cnesyeT
BblGpaTh B KauyeCTBE IOKHOIO HyNsi BapuaHT, VMEIOLLMIA MaKCUMa/bHYHO

4acToTy). BblumcneHnss X, S® BbINOAHUM NpU nomowy Ta6rmubl 1. B
Hawem cnydae ¢ = 3, k = 1.
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Tabnmua 1
. n X, —C X, —C | (xi—cjz (xi—cjzni
k k k

1 2 3 4 5 6

0 4 -3 -12 9 36

1 13 -2 —26 4 52

2 14 -1 ~14 1 14

3 24 0 0 0 0

4 16 1 16 1 16

5 3 2 6 4 12

6 3 3 9 9 27

7 2 4 8 16 32

> 79 - -13 - 189

Monyymm
x="13.143-_016+3-284.
79
S%= 1785 .1-(2,84-3) =2,3924 —0,0256 = 2,3668.

Bbluncnum HECMELLEHHYHO OLEHKY ANCNEPCUMN.

s2= "2 2366823071,
78

OLEeHKN CpefHEro 3Ha4yeHus cyyaiHoN BeNMYUHBI U AUCTEPCUU BIM3KM NO
3HaYeHMI0, HO He paBHbI.

B tabnuue pacnpegeneHus MyaccoHa 6/mxailuMMN K HUM 3HAYEHUAMU A
ABNATCA 2 U 3.

[MpoBepuM runoTesy npu A = 3.

YacToTbl NOCMeAHUX 3HAYeHWn BapuaLMOHHOrO psafa Mabl, MO3TOMY
06beAMHUM ©X B OAWH wHTepBan (>5). KonuuectBo uHTepBasioB k = 6.
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CrnefoBaTe/ibHO CTaTUCTUKA x> UMEET pacrpeieneHne ¢ YMCIOM CTerneHeli cBo6opl

6 —1-1=4 (oanH HeM3BEeCTHbI NapameTp pacnpeaeneHuns (1)).
Kputnyeckas ob6nactb onpeaensieTcs HepaBeHCTBOM

P()(2 > Xé,01,4): 0,01.

BbIMOMHUM  HEOOXOAMMbIE  BbIUMCIEHMS NPU  MOMOWM  Tabnuusl 2.
BeposTHOCTb P, nonyumm no Tabnumue pacnpegeneHuns Myaccoxa.

Tabnmua 2
2 | (n—nPR, )2
X n, P np, n—=nR | (n;—nR) P
1 2 3 4 5 6 7
0 4 0,0498 3,9 0,1 0,01 0,0026
1 13 0,1494 11,8 1,2 1,44 0,1220
2 14 0,2240 17,7 -3,7 13,69 0,7734
3 24 0,2240 17,7 6,3 36,69 0,2424
4 16 0,1680 13,3 2,7 7,29 0,5481
>5 8 0,1847 14,6 —6,6 43,56 2,9836
> 79 0,9999 79 - - 6,6721

Mo Tabnuue pacnpegeneHns x> noaydyaem

T.e. KpuTuyeckas o06nactb

onpefensercs

X(2),01;4 =13,277

HepaBeHCTBOM  y 2 >13,277.

3HaueHKe CTATMCTMKM MO BbIBOPOUHBIM [aHHBIM 6,6721, T.e. ¥4 . HE NPUHALIEXNT

KPUTUYECKON 06nacTu,

MO3TOMY HET OCHOBaHWA

oTBepratb

pacnpeneneHnin reHepaanof/'l COBOKYIMHOCTM MO 3aKOHY yaccoHa.

rmnoTesy o
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PeLueHne yuncnosoro npumepa 2.
[MycTb 3afaHa BbloopKa B.

65 71 67 68 73 68 72 68 67 /0 78 74 79 65 72
65 /1 /0 69 69 776 71 63 7/ Y5 70 74 65 /1 68
M4 69 69 71 66 69 /3 74 80 69 73 76 69 69 67
6/ /4 68 60 74 70 66 70 68 64 Y5 78 /1 70 69
/3 75 74 80 72 72 69 69 /1 /0 73 65 66 67 69
/1 /0 72 72 76 73 64 74 71 76 68 69 /5 76 73
/M4 78 66 72 75 69 68 63 /0 /0 78 776 /3 73 67
/1 66 66 69 72 71 71 68 72 69 Y3 73 66 /2 73
/M0 69 74 69 72 74 70 74 72 76 71 66 62 69 74
/6 74 69 /5 64 71 76 68 68 78 71 71 68 67 74
68 81 72 /2 68 /1 /1 71 69 61 74 66 /0 72 65
6/ /3 /8 /1 73 /5 73 71 72 68 67 69 69 77 63
/1 74 67 69 68 74 69 67/ 74 66 74 74 69 75 70
73 63 77 75 74

N = 200. Hayano nepsoro nHtepsana 59. AnnHa nHtepsana 2.

Tpebyetca ¢ ypoBHEM 3HaummoctM o = 0,1 npoBepuTb runoTesy o
pacnpegeneHny reHepaibHOM COBOKYMHOCTM MO HOPMaslbHOMY 3aKOHY, MCMO/b3ys
[aHHble BbIOOPKM B.

3a Mepy OTK/IOHEHUS pacnpefefieHns reHepalbHOM COBOKYMHOCTU OT

MpeanonaraeMoro HoPMabHOro PacnpeaeneHns NPUHUMAETCs BENNUMHA ¥ 2.
MapameTpbl HOPMa/ILHOTO PACIPeAeseHs a u G,
rae
a=M(x),a o=./D(x).

[nd  nonyyeHWs OUEHKM MapaMeTpoB HOPMa/lbHOro pacnpepeneHus
cocTasum Tabnumuy 3.
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Tabnuua 3

CepeayHa X, —C (xi —cjz X; —C (xi —CT
NHTepBan N; i n;
NHTEepBa K k K
1 2 3 4 3) 6 7
59-61 60 1 -5 25 -5 25
61-63 62 2 -4 16 -8 32
63-65 64 7 -3 9 -21 63
65-67 66 16 -2 4 -32 64
67-69 68 27 -1 1 =27 27
69-71 70 40 0 0 0 0
71-73 72 38 1 1 38 38
73-75 74 38 2 4 76 152
75-77 76 18 3 9 54 162
77-79 78 9 4 16 36 144
79-81 80 3 5 25 15 75
81-83 82 1 6 36 6 36
> - 132 818

Mpuuem ¢ =70,k =2. Torga

X |

g? :%.4_(

X:Q-2+7O:1,32+70:71,32.
200

71,32 -70)° =16,36 —1,7424 =14,6176.

S? oueHkn M(x), D(x), KOTOpble BbIUMCASAMCH MO (hOPMyNaMm:
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rfie m— KoNnM4yecTBO MHTEPBANOB OLeHKa ¢ ecTb S = /14,6176 =3,82.

B BapuaumoHHoM psage (cm. Tabn. 3) 4acToTbl MepBbIX W MNOCAEAHUX
WHTEPBA/IOB Masibl, MO3ITOMY O0O0bEAMHMM WX C COCEAHUMU WHTepBasamu. B
pe3ynbTaTe OCTaeTCa m = 8 MHTepPBa/IOB.

CraTucTvka y° nmeem 8 — 2 — 1 = 5 cTeneHeli cBo60Ab! (4Ba NapameTpa
(o, @) BblIM HEN3BECTHBI).

OdopMnM  BbIYMC/IEHNS AN MPOBEPKM  TUNOTE3bI O  HOPMa/ibHOM
pacnpefeneHny reHepasibHoM COBOKYNHOCTY B BUe Tabnuubl 4.

Tabnuua 4
n, —nP )
NHTepBanbl n; Pi nP; ni—nP; | (ni—nPj) (InPI)
i
1 2 3 4 5 6 7
—0-65 10 0,04846 9,7 0,3 0,03 0,0093
65-67 16 0,08078 16,2 -0,2 0,04 0,0025
67-69 27 0,14501 29,0 -2,0 4,00 0,1379
69-71 40 0,19387 38,8 1,2 1,44 0,0371
71-73 38 0,20552 41,1 -3,1 9,61 0,2338
73-75 38 0,16034 32,1 59 34,81 1,0844
75-77 18 0,09921 19,8 -1,8 3,24 0,1636
77-00 13 0,06681 13,4 -0,4 0,16 0,0119
Y 200 1,0000 200,1 1,6805
BbluncneHue P; BbINOMHANOCH MO hopmyne
P-0 X; — 71,32 @ Xi_y — 71,32 |
3.83 3.83
rAe Xj, — Hayaso i-ro HTepsana, X; — KOHeL, i-ro nHTepsana, i =18,
1 x v
D(X)=—— |e 2 dt — (hyHKUMS pacnpefenieHns HOPMaslbHOMo 3aKoHa.
(x) ﬂj@ (hyHKups pacnpes p

KpuTtnyeckas obnacTb onpenensaeTca HepaBeHCTBOM
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P()(2 > XS,1;5): 0,.1.

Mo Tabnuue pacnpeneneHns x311;5:9,236 T.e. KpuTu4yeckasa o6nactb
Onpe/enseTcs HepaBeHCTBOM y2 > 9,236.

3HauyeHMe CTaTUCTUKM MO BbIBOPOUHBIM faHHbIM 1,6805, T.e. %2 He

MPUHAANEXUT KPUTUYECKOI 06/1aCTI, NO3TOMY HET OCHOBaHWiA OTBEpraTb rMnoTesy
0 pacnpeaeneHn reHepasibHON COBOKYMHOCTU MO HOPMa/IbHOMY 3aKOHY.

MeToanyeckune ykasaHusa

[MOHATME CTATUCTUYECKOM 3HAYMMOCTM (YPOBHSI 3HAUMMOCTW) WU MOHATME
(h)YHKUMM MOLLIHOCTM CTAaTUCTMYECKOro KPUTEPUS, UK, YTO TOXKE CamOe MOHATMS
OWMOOK nepBOro M BTOPOro poda OTHOCATCA K  OCHOBHbIM  MOHATUAM
MaTemMaTUyecKor CTaTUCTUKK. [MpuyeM NOHATME OWKMOKM BTOPOro pofa TpebdyeT
yKasaTb, KpOMe OCHOBHOW runotesbl Hy, MHOXECTBO anbTepHATUBHBLIX [UMOTE3
{H,, L = 0} n Habop MHOXecTB Ac X, rae X — BblIOOPOYHOE MPOCTPAHCTBO U

BO3MO>XHOCTb BbIYUNC/NEHUA P(XE% j B HEKOTOPbLIX C/iydadXx BbIMONHUTL 3TO
a

3aTPYAHUTENBHO. B Taknx cnydasaXx yuynTbIBa€TCA JIMb YPOBEHb 3HAYNMOCTI.

Nuntepatypa [7, C. 63-65, C. 69; 1, C. 48; 10, C. 244-254].

YnpaxHeHUsA

3apaya 1.

B kHUre «MaTtemaTtmnyeckue Metodbl CTaTUCTUMKU» [. Kpamep npusogut
crepyrouive aaHHble pacripefeneHms TonwmHel (&) 12000 60608.
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Homep |, 2 3 4 5 6 7 8 9
NHTepBa/a
vactoThl | 32 | 103 | 239 | 624 | 1187 | 1650 | 1883 | 1930 | 1638
Homep | g | 11 | 12 | 13 | 14 | 15 | 16
NHTepBaNa
YaCTOTbl 1130 737 417 221 110 57 32

B Tabnuue nepsblil MHTEPBaN — 3HaveHust & meHbLue 7,00 MM,

BTOpOI 7,00-7,25

TpeTuii 7,25-7,5 n 1.4,

[MpoBepnTb cornacyetcs n TonwuHa 60608 B BbIOOPKE, npeanosaras, yto
3TOT NPU3HaK pacnpegeneH B MHTepBasie COBOKYMHOCTW MO HOPMa/lbHOMY 3aKOHY.
YpoBeHb 3HAUMMOCTU NMPUHATL paBHbIM 0,01,

3agaya 2.

Uepe3 paBHble MPOMEXYTKV BPEMEHM B TOHKOM C/I0€ pacTBoOpa 30/10Ta
PErMcTPUPOBASIOCH YMC/IO YacTUL, 30/10Ta, MOMNAaBLUKX B NOJe 3peHNs MUKpockona. B
pesynbTaTe  HabMOAeHU/A  ObI0  MOMYYEHO  Criefylollee  3MMUPUYECKOe
pacnpefeneHve.

3 0 1 2 3 4 5

n; 112 168 130 68 32 5 1 1

B nepsoil CTPOKe NpuBeLEHO &; YNCO0 YacTuL, 30/10Ta, @ BO BTOPOI CTPOKe —
yacTtoTa nj, T.e. YNC/I0 UHTEPBa/IOB BPEMEHW, B TEYEHWMe KOTOPbIX B MOJe 3peHus
nonano poBHoO &; yactuu, O6bem BbIBOPKHM

n=>n, =517.

npOBepI/ITb, cornacyetcda nn amMnmpuYeCcKoe pacnpeneneHne 4aCctui, 30/10Ta
B PaCTBOPE, C 3aKOHOM pacnpeaeneHuns MyaccoHa, NPUHATH 3a YPOBEHb 3HAUYMMOCTM
a = 0,05.
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MPUNOXXEHNA
Tabnuua 1
3HaveHns gyHKumm Sannaca ®(x)= J%c{e_t 2t
Llenbie n CoTble fonn X
fecatble gonm X | 0O 1 2 3 4 5 6 7 8 9

0,0 0,000 (0080 |0160 |0238 (0319 |0399 |0478 |0558 |0638 (0717
0,1 0797 |0876 |0955 (1034 (1113 (1192 (1271 |1350 |1428 |1507
0,2 1585 (1663 (1741 (1819 |1897 |1974 |2051 |2128 |2205 (2282
0,3 2358 2434 (2510 |2586 |2661 (2737 |2812 (2886 ({2960 |3035
0,4 3108 |3182 3255 [3328 (3401 (3473 |3545 |3616 |3688 |3759
0,5 3829 (3899 (3969 |4039 (4108 4177 |4245 4313 |4381 (4448
0,6 4515 |4581 |4647 |4713 |4778 4843 (4907 (4971 |5035 |5098
0,7 5161 |5223 |5285 |5346 (5407 (5467 |5527 |5587 |5646 |5705
0,8 5763 |5821 |5878 |5935 (5991 |6047 |6102 [6157 |6211 (6265
0,9 6319 |6372 (6424 |6476 (6528 [6579 |6629 (6679 [6729 |6778
1,0 6827 |6875 (6923 |6970 (7017 [7063 |7109 (7154 [7199 |7243
1,1 7287 |7330 |7373 |7415 (7457 |7499 |7540 (7580 |7620 |7660
1.2 7699 |7737 (7775 |7813 |7850 [7887 |7923 |7959 (7994 |8029
1,3 8064 (8098 (8132 |8165 (8198 |8230 |8262 (8293 |8324 (8355
1,4 8385 (8415 [8444 |8473 (8501 |8529 |8557 (8584 |8611 (8638
1,5 8664 (8690 [8715 |8740 (8764 |8789 |8812 (8836 |8859 (8882
1,6 8904 (8926 (8948 8969 (8990 [9011 |9031 (9051 {9070 |9090
1,7 9109 (9127 9146 |9164 (9181 |9189 |9216 (9233 9249 (9265
1,8 9281 (9297 |9312 |9327 (9342 |9357 |9371 {9385 |9399 (9412
1,9 9426 (9439 [9451 |9464 (9476 |9488 (9500 (9512 |9523 |9534
2,0 9545 (9556 ({9566 |9576 (9586 9596 |9606 (9616 |9625 |9634
2,1 9643 (9651 [9660 |9668 (9676 |9684 (9692 (9700 |9707 (9715
2,2 9722 (9729 [9736 |9743 (9749 |9756 (9762 (9768 |9774 |9780
2,3 9786 (9791 |9797 |9802 (9807 |9812 |9817 (9822 |9827 (9832
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[MpogomkeHne Tabnmubl 1

2,4 9836 (9841 [9845 |9849 (9853 |9857 |9861 (9865 |9869 (9872
2,5 9876 9879 9883 [9886 (9889 (9892 |9895 |9898 [9901 |9904
2,6 9907 9910 9912 [9915 (9917 (9920 (9922 (9924 9926 |9928
2,7 9931 (9933 [9935 |9937 (9938 |9940 (9942 (9944 (9946 (9947
2,8 9949 9951 9952 [9953 (9955 (9956 (9958 [9959 |9960 |9961
2,9 9963 (9964 9965 |9966 (9967 |9968 |9969 (9970 |9971 (9972
3,0 9973 (9974 9975 9976 (9976 9977 (9978 (9979 |9979 |9980
3,1 9981 9981 9982 [9983 [9983 (9984 (9984 9985 |9985 |9986
3,2 9985 (9987 (9987 9988 (9988 9989 9989 (9989 {9990 |9990
3,3 9990 {9991 9991 [9991 (9992 (9992 (9992 9992 |9993 |9993
3,4 9993 (9994 9994 19994 (9994 9994 19995 (9995 9995 (9995
3,5 9995 (9996 ({9996 |9996 (9996 9996 |9996 (9996 |[9997 (9997
3,6 9997 9997 9997 (9997 (9997 (9997 (9997 9998 |9998 9998
3,7 9998 (9998 (9998 9998 (9998 9998 |9998 (9998 9998 (9998
3,8 9999 (9999 9999 (9999 (9999 (9999 (9999 (9999 |9999 9999
3,9 9999 (9999 9999 (9999 (9999 (9999 (9999 (9999 |9999 9999
4,0 0,999936

4,5 0,999994

5,0 0,99999994
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Tabnmua 2
N
Thm T >
3HayeHus t, , — kputepus CTblofeHTa
K BeposaTHOCTb
01/0203(04}05|06|07|08]09109/0,98|0,990,999
110160,32({0,51{0,73|1,00(1,38|1,96|3,08|6,3112,7131,8263,66(636,6
2 | 14129 | 44 | 62 |0,82| 06 | 34 |1,89|292(4,30|6,96|9,92|31,6
3|14 | 28 | 42 | 58 | 76 (098] 25 | 64 | 35 |3,18|4,54|5,84 12,94
4 | 13 | 27 | 41 | 57 | 74 | 94 | 19 | 53 | 13 |2,78|3,75|4,60 | 8,61
5113 |27 | 41 | 5 | 73 |92 | 16 | 48 | 01 | 57 | 36 | 03 |6,86
6 10,13(0,26|0,40|{055|1,72(1,91|1,13|1,44|1,94|2,45|3,14|3,71|5,96
7113 |26 |40 | 55 | 71 | 90 | 12 | 41 | 89 | 36 | 00 | 50 |541
8 |13 |26 |40 |55 | 70 | 89 | 11 | 40 | 86 | 31 |2,90| 35 |5,04
9 | 13|26 |40 |54 |70 | 88 | 10 | 38 | 83 | 26 | 82 | 25 |4,78
10| 13 | 26 | 40 | 54 | 70 | 88 | 09 | 37 | 81 | 23 | 76 | 17 |4,59
1110,13|0,26 {0,40|0,54|0,70{0,88|1,09|1,36(1,80|2,20|2,72 3,11 4,49
12| 13 | 26 | 39 | 54 | 69 | 87 | 08 | 36 | 78 | 18 | 68 | 05 |4,32
13|13 | 26 | 39 | 54 | 69 | 87 | 08 | 35 | 77 | 16 | 65 | 01 |4,22
141 13 | 26 | 39 | 54 | 69 | 87 | 08 | 34 | 76 | 14 | 62 |2,98|4,14
15|13 | 26 | 39 | 54 | 69 | 87 | 07 | 34 | 75 | 13 | 60 | 95 |4,07
16 |{0,13|0,26 (0,39(0,53|0,69|0,86|1,07|1,34|1,75|2,12|2,58 | 2,92 | 4,02
17|13 | 26 | 39 | 53 | 69 | 8 | O7 | 33 | 74 | 11 | 57 | 90 | 3,97
18| 13 | 26 | 39 | 53 | 69 | 86 | O7 | 33 | 73 | 10 | 55 | 88 |3,92
19| 13 | 26 | 39 | 53 | 69 | 8 | 07 | 33 | 73 | 09 | 54 | 86 |3,88
201 13 | 26 | 39 | 53 | 69 | 8 | 06 | 32 | 72 | 09 | 53 | 84 |3,85
2110,13/0,26(0,39|0,53|0,69|0,86|1,06|1,32|1,72|2,08|2,52|2,83]|3,82
22113 | 26 | 39 | 53 |69 | 8 | 06 | 32 | 72 | O7 | 51 | 82 |3,79
23|13 | 26 | 39 | 53 | 68 | 86 | 06 | 32 | 71 | O7 | 50 | 81 |3,77
24113 | 26 | 39 | 53 | 68 | 86 | 06 | 32 | 71 | 06 | 49 | 80 |3,75
25113 | 26 | 39 | 53 | 68 | 86 | 06 | 32 | 71 | 06 | 48 | 79 |3,73
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26 10,13|0,260,39/0,53|0,68|0,86|1,06|1,31|1,71|2,06|2,48|2,7/8|3,71

27113 | 26 | 39 | 53 | 68 | 8 | 06 | 31 | 70 | O5 | 47 | 77 |3,69

28113 | 26 | 39 | 53 | 68 | 8 | 06 | 31 | 70 | O5 | 47 | 76 |3,67

29| 13 | 26 | 39 | 53 | 68 | 85 | 05| 31 | 70 | 04 | 46 | /6 |3,66

30|13 | 26 | 39 | 53 | 68 | 8 | 05| 31 | 70 | 04 | 46 | 75 |3,65

40 (0,13|0,25|0,39/0,53|0,68|0,85{1,05(1,30|1,68|2,02|2,42|2,70]| 3,55

60| 13 | 25 | 39 | 53 | 68 | 85 | 05 | 30 | 67 | 00 | 39 | 66 |3,46

120(0,13|0,25|0,39|0,53 0,68 0,84|1,04|1,29|1,66|1,98|2,36 2,62 |3,37

o |13 |25 |38 | 52|67 |8 |04 |28 |64 |9 |33 |58 [329




84

Tabnuua 3
v* — pacnpegenenve (pacnpegeneHue MupcoHa)
P(x2>xa)=oc

ka 0,99 0,98 0,95 0,90 0,80 0,20 0,10 0,05 0,02 0,01
1 {0,00016 | 0,0063 | 0,393 | 0,0158 | 0,6642 | 1,642 |2,706 |3,841 |5412 |6,635
2 10,0201 |0,0404|0,103 |0,211 |0,446 |3,219 4,605 |5991 |7,824 |9,210
3 10,115 0,185 |0,352 (0,584 |1,005 |4,642 |6,251 |7,815 |9,837 |11,341
4 0,297 0,429 |0,711 |1,064 |1,649 |5989 |7,779 |9,488 | 11,668 13,277
5 0,554 0,752 |1,145 |1,610 |2,343 |7,289 |9,236 |11,070 | 13,388 | 15,086
6 | 0,872 1,134 |1,635 |2,204 |3,0/0 |8,558 |10,645 | 12,592 | 15,033 | 16,812
7 11,239 1,564 | 2,167 |2,833 |3,822 |9,803 | 12,017 | 14,067 | 16,622 | 18,475
8 | 1,646 2,032 (2,733 | 3,490 |4,594 | 11,030 | 13,362 | 15,507 | 18,168 | 20,090
9 | 2,088 2,532 3,325 4,168 |5,380 | 12,242 | 14,684 | 16,919 | 19,679 | 21,666
10 | 2,558 3,059 |3,940 |4,865 |6,179 | 13,442 | 15,987 | 18,307 | 21,161 | 23,209
11 | 3,053 3,609 |4,575 |5578 |6,989 |14,631|17,275|19,675 | 22,618 | 24,725
12 | 3,571 4,178 |5,226 |6,304 | 7,807 |15,812 | 18,549 | 21,026 | 24,054 | 26,217
13 | 4,107 4,765 |5,892 |7,042 |8,634 |16,985]| 19,812 | 22,362 | 25,472 | 27,688
14 | 4,660 5368 |[6,571 |7,790 |9,467 | 18,151 | 21,064 | 23,685 | 26,873 | 29,141
15 | 5,229 5985 | 7,261 |8,547 |10,307 | 19,311 | 22,307 | 24,996 | 28,259 | 30,578
16 | 5,812 6,614 | 7,962 |9,312 | 11,152 | 20,465 | 23,542 | 26,296 | 29,633 | 32,000
17 | 6,408 7,255 | 8,672 | 10,085 12,002 | 21,615 | 24,769 | 27,587 | 30,995 | 33,409
18 | 7,015 7,906 |9,390 | 10,865 12,857 | 22,760 | 25,989 | 28,869 | 32,346 | 34,805
19 | 7,633 8,567 |10,117 | 11,651 | 13,716 | 23,900 | 27,204 | 30,144 | 33,687 | 36,191
20 | 8,260 9,237 |10,851 | 12,443 | 14,578 | 25,038 | 28,412 | 31,410 | 35,020 | 37,566
211 8,897 9,915 | 11,591 | 13,240 | 15,445 | 26,171 | 29,615 | 32,671 | 36,343 | 38,932
22 | 9,542 10,600 | 12,338 | 14,041 | 16,314 | 27,301 | 30,813 | 33,924 | 37,659 | 40,289
23110,196 | 11,293 | 13,091 | 14,848 | 17,187 | 28,429 | 32,007 | 35,172 | 38,968 | 41,638
24 110,856 | 11,992 | 13,848 | 15,659 | 18,062 | 29,553 | 33,196 | 36,415 | 40,270 | 42,980
25|11,524 | 12,697 | 14,611 | 16,473 | 18,940 | 30,675 | 34,382 | 37,652 | 41,566 | 44,314
26|12,198 | 13,409 | 15,379 | 17,292 | 19,820 | 31,795 | 35,563 | 38,885 | 42,856 | 45,642
27 112,879 | 14,125 16,151 | 18,114 | 20,703 | 32,912 | 36,741 | 40,112 | 44,140 | 46,963
28 13,565 | 14,847 | 16,928 | 18,939 | 21,588 | 34,027 | 37,916 | 41,337 | 45,419 | 48,278
29| 14,256 | 15,574 | 17,708 | 19,768 | 22,475 | 35,139 | 39,087 | 42,557 | 46,693 | 49,588
30| 14,953 | 16,306 | 18,493 | 20,599 | 23,364 | 36,250 | 40,256 | 43,773 | 47,962 | 50,892
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o =0,01
k2k1 1 2 3 4 5 6 8 12 24 0
1 | 4052 4999 |5403 [5625 |5764 |5859 |5981 |[6106 |6234 |6366
2 198,49 (99,00 |99,17 | 99,25 [99,30 | 99,33 | 99,36 | 99,42 99,46 | 99,50
3 (34,12 |30,81 | 29,46 | 28,71 | 28,24 (27,91 | 27,49 | 27,05 | 26,60 | 26,12
4 121,20 |18,00 |16,69 | 15,98 | 15,52 | 15,21 | 14,80 | 14,37 | 13,93 | 13,46
5 |16,26 |13,27 |12,06 |11,39 | 10,97 | 10,67 |10,29 | 9,89 |9,47 |9,02
6 13,74 1092 9,78 9,15 8,75 |847 (810 |7,72 |7,31 |6,83
7 |1225 |955 |845 |785 |746 |719 |6,84 |6,47 |6,07 |5,65
8 |1126 [865 |759 |7,01 |6,63 |6,37 |6,03 |567 |528 |4,86
9 |1056 [8,02 |6,99 |642 |6,06 |580 |547 |511 |4,73 |[431
10 |10,04 |756 |655 |599 |564 |539 |506 [471 |433 |391
11 965 |7,20 |6,22 |567 |532 |507 |474 |440 (4,02 |3,60
12 19,33 6,93 |59 |541 |506 [482 (450 [4,16 |3,78 |3,36
13 |9,07 6,70 |5,74 520 (486 |462 (430 |39 [359 |3,16
14 | 8,86 6,51 |[556 |503 (469 |446 |4,14 |3,80 |3,43 |3,00
15 /8,68 6,36 |542 |489 |456 |4,32 |400 [367 |3,29 |2,87
16 |853 6,23 |529 |4,77 |444 |420 |389 [355 |3,18 |2,75
17 |8,40 |6,11 |518 |4,67 |4,34 |410 |3,79 [345 |3,08 |2,65
18 |8,28 |6,01 |509 |458 |425 |401 |3,71 |3,37 |3,00 |257
19 |8,18 593 |501 (450 (4,17 394 (363 [3,30 (292 |249
20 |8,10 |585 |494 |443 |40 |3,87 |356 [323 |[286 |242
21 8,02 |578 |487 |437 |404 (381 [351 |317 |2,80 |2,36
22 |794 |572 (482 [431 |399 (376 [345 |312 |2,75 |231
23 |788 |566 |4,76 |426 (394 |3,71 |341 |3,07 |[270 |2,26
24 1782 |561 |[4,72 |422 |390 |367 [336 |3,03 |266 |[221
25 |7,77 |557 |468 |4,18 (386 3,63 [3,32 [299 [262 |217
26 |7,72 |553 |464 |414 (382 |359 (329 [296 [258 |213
27 | 7,68 549 460 (411 |3,78 |35 |3,26 (293 255 |210
28 | 7,64 545 457 1407 |3,75 353 323 (290 (252 |2,06
29 |7,60 542 454 1404 3,73 350 (320 [287 (249 |2,03
30 | 756 |[539 |451 (4,02 |3,70 |3,47 |3,17 |284 |247 |2,01
40 7,31 |518 |[431 3,83 [351 [329 |299 |266 |229 |1,80
60 |708 |[498 |413 |365 [3,34 |3,12 |282 |250 [212 |1,60
120/6,85 4,79 |3,95 |3,48 |3,17 |29 |266 [234 |195 |1,38
© |6,64 |460 (3,78 |332 [3,02 |280 |251 |218 |1,79 |1,00
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Tabnuua 4
F — pacnpegeneHuve (Puwiepa)
P(F>f,)=a a=0,05

k2k1 1 2 3 4 5 6 8 12 24 o
1 |161,4 [199,5 [2157 |224,6 |230,2 |234,0 [2389 |243,9 |249,0 |254,3
2 1851 |19,00 |19,16 |19,25 [19,30 |19,33 |19,37 |19,41 |19,45 | 19,50
3 |10,13 |955 |928 [912 |[9,01 (894 |884 [874 |[864 |853
4 771 |694 [659 [639 (626 |616 |604 [591 |[577 |5,63
5 |661 |579 |541 |519 |[505 [495 |482 (468 |[453 |4,36
6 |59 |514 [476 |453 |439 [428 |[415 [400 |[3,84 |3,67
7 |559 |474 435 |412 (397 [387 |373 357 (341 [323
8 |532 |446 |407 [384 (369 (358 [344 [328 (312 293
9 |512 426 |38 [363 (348 (337 [323 [307 (29 |271
10 |49 |40 [3,71 [348 333 (322 [307 [291 |274 |254
11 |[484 [398 [359 336 [320 (309 (295 |279 [261 |240
12 |475 [388 [349 [326 311 (300 [285 [269 |250 |230
13 4,67 [380 [341 |318 [302 (292 [277 |260 (242 |[221
14 |460 [3,74 [334 |311 |29 (285 [270 |253 235 |[213
15 |454 368 (329 [306 |29 (279 [264 [248 |229 |[207
16 |449 [363 [324 [301 (285 [274 |259 |[242 |224 |201
17 445 [359 [320 |29 [281 [270 [255 |2538 (219 [1,96
18 |441 [355 (3,16 [293 |2,77 (266 [251 [234 |215 |[1.92
19 |4538 [352 [313 [290 (2,74 |[263 |248 [231 |211 |1,88
20 |4535 |349 [310 [287 [2,71 260 |245 [228 [208 |1,84
21 |432 |347 [307 [284 [268 257 [242 [225 [205 |1,81
22 |430 |344 |305 [282 (266 255 [240 [223 [203 |1,78
23 428 342 303 |280 (264 [253 [238 (220 (200 |1,76
24 426 340 3,01 |2,78 (262 [251 [236 218 (1,98 |173
25 |424 338 [299 [276 (260 (249 [234 [216 (19 |1,71
26 422 337 298 |274 [259 [247 [232 (215 [1,95 |1,69
27 |421 335 [296 [273 |257 [246 [230 [213 [1,93 |1,67
28 420 |334 [295 [271 [256 244 [229 [212 [191 |1,65
29 418 333 (293 |270 [254 [243 [228 210 (1,90 |1,64
30 |417 332 [292 [269 |253 [242 [227 [209 [1,89 [1,62
40 4,08 [323 |284 (261 [245 [234 [218 |200 [1,79 |[152
60 |4,00 |315 |276 [252 (237 225 [210 [192 [1,70 |1,39
120 | 3,92 3,07 |268 [245 229 |[217 [202 [183 |161 |1,25
o |38+ (299 |260 (237 [221 [209 |19 (1,75 |152 |1,00
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Tabnuua 5
DYHKUMA NNOTHOCTU BEPOATHOCTN HOPMa/IbHOIO pacnpeieneHns
2
1 _x
f(x)=—~—=—e 2
(X)=—7-
fx) | 0 1 2 3 4 5 6 7 8 9

0,0 | 39894 | 39892 | 39886 | 39876 | 39862 | 39844 | 39822 | 39797 | 39767 | 39733

0,1 | 39695 | 39654 | 39608 | 39559 | 39505 | 39448 | 39387 | 39322 | 39253 | 39181

0,2 | 39104 | 39024 | 38940 | 38853 | 38762 | 38667 | 38568 | 38466 | 38361 | 38251

0,3 | 38139 | 38023 | 37903 | 37780 | 37654 | 37524 | 37391 | 37255 | 37115 | 36973

0,4 | 36827 | 36678 | 36526 | 36371 | 36213 | 36053 | 35889 | 35723 | 35553 | 35381

0,5 | 35207 | 35029 | 34849 | 34667 | 34482 | 34294 | 34105 | 33912 | 33718 | 33521

0,6 | 33322 | 33121 | 32918 | 32713 | 32506 | 32297 | 32086 | 31874 | 31659 | 31443

0,7 | 31225 | 31006 | 30785 | 30563 | 30339 | 30114 | 29887 | 29659 | 29430 | 29200

0,8 | 28969 | 28737 | 28504 | 28269 | 28034 | 27798 | 27562 | 27324 | 27086 | 26848

0,9 | 26609 | 26369 | 26129 | 25888 | 25647 | 25406 | 25164 | 24923 | 2468,1 | 24439

1,0 | 24197 | 23955 | 23713 | 23471 | 23230 | 22988 | 22747 | 22506 | 22265 | 22025

1,1 | 21785 | 21546 | 21307 | 21069 | 20831 | 20594 | 20327 | 20121 | 19886 | 19652

1,2 19419 | 19186 | 18954 | 18724 | 18494 | 18265 | 18037 | 17810 | 17585 | 17360

1,3 | 17137 | 16915 | 16694 | 16474 | 16256 | 16038 | 15822 | 15608 | 15395 | 15183

1,4 | 14973 | 14764 | 14556 | 14350 | 14146 | 13943 | 13742 | 13542 | 13344 | 13147

1,5 [ 12952 | 12758 | 12566 | 12376 | 12188 | 12001 | 11816 | 11632 | 11450 | 11270

1,6 | 11092 | 10915 | 10741 | 10567 | 10396 | 10226 | 10059 | 09893 | 09728 | 09566

1,7 109405 | 09246 | 09089 | 08933 | 08780 | 08628 | 08478 | 08329 | 08183 | 08038

1,8 | 07895 | 07754 | 07614 | 07477 | 07341 | 07206 | 07074 | 06943 | 06814 | 06687

1,9 | 06562 | 06438 | 06316 | 06195 | 06077 | 05959 | 05844 | 05730 | 05618 | 05508

2,0 | 05399 | 05292 | 05186 | 05082 | 04980 | 04879 | 04780 | 04682 | 04586 | 04491

2,1 104398 | 04307 | 04217 | 04128 | 04041 | 03955 | 03871 | 03788 | 03706 | 03626

2,2 | 03547 | 03470 | 03394 | 03319 | 03246 | 03174 | 03103 | 03034 | 02965 | 02898

2,3 102833 | 02768 | 02705 | 02643 | 02582 | 02522 | 02463 | 02406 | 02349 | 02294

2,4 | 02239 | 02186 | 02134 | 02083 | 02033 | 01984 | 01936 | 01888 | 01842 | 01797

2,5 | 01753 | 01709 | 01667 | 01625 | 01585 | 01545 | 01506 | 01468 | 01431 | 01394

2,6 | 01358 | 01323 | 01289 | 01256 | 01223 | 01191 | 01160 | 01130 | 01100 | 01071

2,7 101042 | 01014 | 00987 | 00961 | 00935 | 00909 | 00885 | 00861 | 00837 | 00814

2,8 100792 | 00770 | 00748 | 00727 | 00707 | 00687 | 00668 | 00649 | 00631 | 00613

2,9 | 00595 | 00578 | 00562 | 00545 | 00530 | 00514 | 00499 | 00485 | 00470 | 00457

3,0 | 00443 | 00430 | 00417 | 00405 | 00393 | 00381 | 00370 | 00358 | 00348 | 00337

3,1 | 00327 | 00317 | 00307 | 00298 | 00288 | 00279 | 00271 | 00262 | 00254 | 00246

3,2 | 00238 | 00231 | 00224 | 00216 | 00210 | 00203 | 00196 | 00190 | 00184 | 00178

3,3 | 00172 | 00167 | 00161 | 00156 | 00151 | 00146 | 00141 | 00136 | 00132 | 00127

3,4 100123 | 00119 | 00115 | 00111 | 00107 | 00104 | 00100 | 00097 | 00094 | 00090

3,5 | 00087 | 00084 | 00081 | 00079 | 00076 | 00073 | 00071 | 00068 | 00066 | 00063

3,6 | 00061 | 00059 | 00057 | 00055 | 00053 | 00051 | 00049 | 00047 | 00046 | 00044

3,7 100042 | 00041 | 00039 | 00038 | 00037 | 00035 | 00034 | 00033 | 00031 | 00030

3,8 | 00029 | 00028 | 00027 | 00026 | 00025 | 00024 | 00023 | 00022 | 00021 | 00021

3,9 | 00020 | 00019 | 00018 | 00018 | 00017 | 00016 | 00016 | 00015 | 00014 | 00014

4,0 | 00013 | 00009 | 00006 | 00004 | 00002 | 00002 | 00001 | 00001 | 00000 | 00000
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Tabnvua 6
DYHKUMA pacnpefeneHns HopmMasibHOro 3akoHa
2
1 x-b
d(x)=—— |e 2dt
)= I
fx)] 0 1 2 3 4 5 6 7 8 9

0,0 | 50000 | 50399 | 50798 | 51197 | 51595 | 51994 | 52392 | 52790 | 53188 | 53586

0,1 | 53983 | 54380 | 54776 | 55172 | 55567 | 55962 | 56356 | 56749 | 57142 | 57535

0,2 | 57926 | 58317 | 58706 | 59095 | 59483 | 59871 | 60257 | 60642 | 61026 | 61409

0,3 | 61791 | 62172 | 62552 | 62930 | 63307 | 63683 | 64058 | 64431 | 64803 | 65173

0,4 | 65542 | 65910 | 66276 | 66640 | 67003 | 67364 | 67724 | 68082 | 68439 | 68793

0,5 [ 69146 | 69497 | 69847 | 70194 | 70540 | 70884 | 71226 | 71566 | 71904 | 72240

0,6 | 72575 | 72907 | 73237 | 73565 | 73891 | 74215 | 74537 | 74857 | 75175 | 75490

0,7 | 75804 | 76115 | 76424 | 76730 | 77035 | 77337 | 77637 | 77935 | 78230 | 78524

0,8 | 78814 | 79103 | 79389 | 79673 | 79955 | 80234 | 80511 | 80785 | 81057 | 81327

0,9 [81594 | 81859 | 82121 | 82381 | 82639 | 82894 | 83147 | 83398 | 83646 | 83891

1,0 | 84134 | 84375 | 84614 | 84850 | 85083 | 85314 | 85543 | 85769 | 85993 | 86214

1,1 | 86433 | 86650 | 86864 | 87076 | 87286 | 87493 | 87698 | 87900 | 88100 | 88298

1,2 | 88493 | 88686 | 88877 | 89065 | 89251 | 89435 | 89617 | 89796 | 89973 | 90147

1,3 90320 | 90490 | 90658 | 90824 | 90988 | 91149 | 91308 | 91466 | 91621 | 91774

1,4 191924 | 92073 | 92220 | 92364 | 92507 | 92647 | 92786 | 92922 | 93056 | 93189

1,5 | 93319 | 93448 | 93574 | 93699 | 93822 | 93943 | 94062 | 94179 | 94295 | 94408

1,6 | 94520 | 94630 | 94738 | 94845 | 94950 | 95053 | 95154 | 95254 | 95352 | 95449

1,7 195543 | 95637 | 95728 | 95818 | 95907 | 95994 | 96080 | 96164 | 96246 | 96327

1,8 | 96407 | 96485 | 96562 | 96638 | 96712 | 96784 | 96856 | 96926 | 96995 | 97062

1,9 97128 | 97193 | 97257 | 97320 | 97381 | 97441 | 97500 | 97558 | 97615 | 97670

2,0 [ 97725 | 97778 | 97831 | 97882 | 97932 | 97982 | 98030 | 98077 | 98124 | 98169

2,1 98214 | 98257 | 98300 | 98341 | 98382 | 98422 | 98461 | 98500 | 98537 | 98574

2,2 98610 | 98645 | 98679 | 98713 | 98745 | 98778 | 98809 | 98840 | 98870 | 98899

2,3 198928 | 98956 | 98983 | 99010 | 99036 | 99061 | 99086 | 99111 | 99134 | 99158

2,4 199180 | 99202 | 99224 | 99245 | 99266 | 99286 | 99305 | 99324 | 99343 | 99361

2,5 [99379 | 99396 | 99413 | 99430 | 99446 | 99461 | 99477 | 99492 | 99506 | 99520

2,6 (99534 | 99547 | 99560 | 99573 | 99585 | 99598 | 99609 | 99621 | 99632 | 99643

2,7 199653 | 99664 | 99674 | 99683 | 99693 | 99702 | 99711 | 99720 | 99728 | 99736

2,8 199744 | 99752 | 99760 | 99767 | 99774 | 99781 | 99788 | 99795 | 99801 | 99807

2,9 199813 | 99819 | 99825 | 99831 | 99836 | 99841 | 99846 | 99851 | 99856 | 99861

3,0 {99865 | 99869 | 99874 | 99878 | 99882 | 99886 | 99889 | 99893 | 99896 | 99900

3,1 199903 | 99906 | 99910 | 99913 | 99916 | 99918 | 99921 | 99924 | 99926 | 99929

3,2 (99931 | 99934 | 99936 | 99938 | 99940 | 99942 | 99944 | 99946 | 99948 | 99950

3,3 (99952 | 99953 | 99955 | 99957 | 99958 | 99960 | 99961 | 99962 | 99964 | 99965

3,4 199966 | 99968 | 99969 | 99970 | 99971 | 99972 | 99973 | 99974 | 99975 | 99976

3,5 [99977 199978 | 99978 | 99979 | 99980 | 99981 | 99981 | 99982 | 99983 | 99983

3,6 {99984 | 99985 | 99985 | 99986 | 99986 | 99987 | 99987 | 99988 | 99988 | 99989

3,7 199989 | 99990 | 99990 | 99990 | 99991 | 99991 | 99992 | 99992 | 99992 | 99992

3,8 199993 | 99993 | 99993 | 99994 | 99994 | 99994 | 99994 | 99995 | 99995 | 99995

3,9 199995 | 99995 | 99996 | 99996 | 99996 | 99996 | 99996 | 99996 | 99997 | 99997

4,0 199997 99998 | 99999 | 99999 | 99999 - — - - —
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Tabnuua 7
PacnpepeneHne NyaccoHa
A
P(k)= e
K & 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
0 9048 8187 7408 6703 6065 5488 4966 4493 4066
1 0905 1638 2222 2681 3033 3293 3476 3595 3659
2 0045 0164 0333 0536 0758 0988 1217 1438 1647
3 0002 0019 0033 0072 0126 0198 0284 0383 0494
4 0001 0002 0007 0016 0030 0050 0077 0111
5 0001 0002 0004 0007 0012 0020
6 0001 0002 0003
N 2 3 4 5 6 7 8 9 | 10
0 | 3679 |1353 |0498 |0183 |0067 |0025 |0009 |0003 |0001 | 0000
1 3679 |2707 |1494 |0733 |[0337 |0149 |0064 |0027 |0011 |0005
2 1839 |2707 |2240 |1465 |0842 |0446 |0223 |0107 | 0050 |0023
3 0613 |1804 |2240 |1954 |1404 |0892 |0521 |0286 |0150 |0076
4 0153 |0902 |1680 |1954 |1766 |1339 |0912 |0572 |0337 |0189
5 [0031 |0361 |1008 |1563 |1755 |1606 |1277 |0916 | 0607 |0378
6 | 0005 |0120 |0504 |1042 |1462 |1606 |1490 |1221 |0911 | 0631
7 10001 |0037 |0216 |0595 |1044 |1377 |1490 |139% |1171 |0901
8 0009 | 0081 |0298 |0653 |1033 |1304 |1396 |1318 | 1126
9 0002 |0027 |0132 |0363 |0688 |1014 |1241 |1318 |1251
10 0008 |0053 |0181 |0413 |0710 |0993 |1186 | 1251
11 0002 |0019 |0082 |0225 |0452 |0722 |0970 |1137
12 0001 |0006 |0034 |0126 |0263 |0481 |0728 |0948
13 0002 |0013 |0052 |0142 |029 |0504 |0729
14 0001 | 0005 |0022 |0071 |0169 |0324 |0521
15 0002 | 0009 |0033 |0090 |0194 |0347
16 0003 | 0014 |0045 |0109 |0217
17 0001 | 0006 |0021 |0058 |0128
18 0002 | 0009 |0029 |0071
19 0001 | 0004 |0014 |0037
20 0002 | 0006 |0019
21 0001 | 0003 | 0009
22 0001 | 0004
23 0002
24 0001
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