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NMPEANCJIOBHUE PEJAKTOPA

B 1973 roagy na daxymvrere npHKaampoit MaremaTnka Mockosckoro
TOCY,AaPCTBEHHOTO ABUAIMORHONC HHECTHTYTA ('TeXHUMEeCKOTO yHHBEPCHTE-
Ta) akagemuxoM B.C. ITyrauesrsim Go1a co3mana kKacdeipa TeopHHA BeposiT-
HOocTelt M MaTeMATHYeCKOH CTATHCTHXH. 3a Dpolueninee BpeMaA na Kadeape
nog Hay4uHo-MeToquueckum pykoponcTeoM B.C. [Iyrauesa Guumu coamanni
M IPOYKTAHKE OPHIHHANLHHIE yY4eOHBIE KypChl MO TAKUM AUCIUILIMHAM,
xaKk «TeopHs BepOATHOCTEH M MATEMATHYECKAd CTATHCTHKA», «Cnyyvait-
HHe nponecchl», «MaremaTMyeckuit ananmz» u gp. Ha cyz umrarens
BBHIHOCHTCH CepHst y4ueOHBIX nocoOull Mo TpeM HASBAHHHIM JUCIHHILIHHAM,
KOTOPHE OTPAysaioT HAKOILIEHHSBI ONBIT JIPEOMABAHESA YTHX THCHUIUIHA
CTYRNEHTaM TeXHHYeckoro ymupepcurera MAHM, chnenmammsmpyommmes
B 00NIACTH NPHKABTHON MATEMATHKH, PAIMOIEKTPOHAKH, MANTHHOCTOE-
HHA H CUCTeM ynpasnesns. OTmMHTEALHOR YepToit ZaHHEIX nocobult a8-
JIfieTcd MAKCEMANBHO AAKOHATIROE HIIOJKeHAe MATEPHANA NPH JAOCTATOq-
HO IIOJTHOM ONKCAHHH COBPEMEHHOTO COCTOAHMA U3Y4acMBIX NPEIMETOR.
KpoMe Toro, RHAYKTENBHYIO YACTH MOCOSHN 3aHHMAIOT MHOTOYMCHAEHHEIE
TPUMEDHl H 380244 ¢ PelllcHUAMH, MTO NO3BOAAET NCIWILIOBAThH ITH 10
coGHsA He TONBKO I YTEHUs JEKIMOHHEIX KYPCOB, HO M AN NPOBENEHUR
NPAKTHIECKEX ¥ NAB0PaTOPHEX 3aHATHH. CTDYKTYPa H3JOXKEHUS KYPCoB
TaKoBa, YTO 3TH NocofHA MOryT ONUOBPEMEHHO MIPaTh POAbL yUeOHMEKA,
3AJAYEHKA H COPaBOMHHKA. II03TOMY nmocobMa MoryT GLITh NMONE3BH Kak
IPEMOJABATENAM H CTYACHTAM, TAK H HHXKEHePaM.

Ipob., d.p.-m.ne, A H. Kubayn



IHPEOUCJ/IOBUE

Buumanmo ynraTeneii npeanaraercs yaebroe nocodue no kypey «Teo-
DHS BEpOATHOCTEH B MaremaTuieckas cratucTukar» (TB u MC), xoroperit
YHTAJNCA B T€UeHHe MHOIHX JIET Ha Pa3IHuHBIX (akynsTerax MocKoBCKOTo
rOCyJapcTBeHHOro asuaugonHoro racTHTYTa (MAH) ¢ mcnonszoBanmeM
y4eOHHX TPOTPaMM, COOTBETCTBYIOMIMX GONBIIMHCTEY CTAHIAPTOB IJIS
TeXHHYECKHX H 9KOHOMHYECKHX cnenpanbroctelt. Xapakrepuoli ocobento-
CTBIO JAHHOTO NOoCOBHA ABAAETCA ero MHOTOUENEBOE HasHadeHue. [Ipn ero
HATHCAHNK ObiNa COefana NONHTKA BBHIOTHHTE CICAYIOmHAe TpebOBanns:

1) nMaXOHMYHOCTH M3NOXKEHHS, CBONCTBEHHYIO KOHCIICKTY JeKIui;

2) meTanbHOE JOKA3ATENLCTEO BCeX YTBEepAAeHHi, XapaxTepHoe Ajd
y4eOHUKOB;

3) HANPYAE THODOBHIX 33789 ¢ PEMICHANME, & TAKXKE 3589 UL
CAMOCTOATENLHOTO DEIEHHS, YTO OTAHYACT 3aAATHUKY,

4) crCTeMATHIMPOBAHHLIL M ABTOHOMHO 3aMKHMYTHI MATEPHAN, NMpPH-
CyImMii CrIpaBOYHHKAM;

5) namuuue HOPMANU3OBAHHBIX CCHLTIOK HA YCTAHORJIEHHBIE paHee
CBOMCTBA W BBEJEHHBIE TOHATHS, 9T0 XAPAKTEPHO YIS KOMILITOPHLIX
yIeGHUKOB.

Hackonpko 3Ta MONBITKa YHAKACH aBTOPAM — CYIAUThH YHTATEND.

Heckonpko cnop Goree moapobHO 06 3THX OTIMYETENBHBIX YEPTAX.
Becs xype passenen Ha 18 Tem (maparpacdoB), KoTOphle COGTBETCTBY-
T npuMepRo 18 nexuuaM u 18 NpPAKTAMECKHM 32HATHAAM IIPONOKH-
TEALHOCTLIO [0 ABA AKAJEMHUECKHX YACA. DTO COOTBETCTBYET oOLeMy
cranaaptHoro kypca TB u MC jgna TexnH4eCcKHX H 3IKOHOMMYECKHX
crnenaansaocTel. KpoMme TOro, KEHIS CONEPIRAT JIONOIHRTEABHELR Pas3 e,
MOCBAHIGHHBIE NPHIOKEHHAM MaTeMaTHIeCKO! CTATHCTHKH, KOTOpLIE AB-
JAIOTCA AKTYAJLHBEIME NIPH PElIeHMH NPAKTHYECKKX 337034, Bech MaTepu-
a7 YOAIOCE PAsMECTHTL Ha 14 mevarawmx mmcerax (m.a.). 3amermm, @m0
obbeM naBecTHEIX yuebHUKOB M 3agaunukos no TB u MC gocruraer 20
.51, H Gonee. Tak xaK 3TH y4eDHHKH comepxaT MHGOPMALMIO, BBIXOLA-
LY 33 PAMKH CTAHEADPTHON yueOHOH mporpaMmal, TO CTYICHTAM, KK
MPaBUHO, TPYAHO CAMOCTOATEABHO HAHTH MHTEPECYIOIDHH HMX MaTepuat
unn pasobpaTteea B HeM. o MACHWIO ABTOPOE, B JIBKOHMYHO MAMIQIKeH-
HOM NOCOGHE, HMEIOUTeM MeTKYIO HEPAPXHYECKYIO CTPYKTYPY, CTYACHTAM
3HAYKTEALHO TIPOLIE OPUEHTHPOBATECS. KpoMe Toro, etin Kype YHTAeTCH
00 ZaHHOMY NOCODHI0, 10 CTYIEHTaM He TPeGYeTCA 3aNHChIBATE «KHBHICY
JeKIHH, H Ha JeKUUAX OCTAeTCA JUNIL NPOSCHATH HENOHSTHIE BOIPOCHL.
Bomsmmacriao yaebnrxon 10 TB 1 MC orauvaercs 0T EpeLaaracMoro emie
H TE€M, YTO HAYHHAIOMEMY IPENONABATENIO, JaXKe ¢ XOpomel MaTeMaTH-
"qecKoli NOArOTOBKOMN, OveHL CIOXKHO NPOMHTATh 0 HHM pealbHhHt Kypc
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sexmpit. D10 CBR3AHO € TEM, ¥TO B yuebHMKaX HeT APOGIEHNS MaTepPHANa
HA HQCEZOBATENILHEIE JIEKIHA A CeMHHAPCKHE ZAHATHI, H MOTOMY IDH
OTPAHHNEHHOM HX YHCIE NPENofaBaTeno GHMESET TPYIHO PENINTEH, KaKHE
paagenst TB u MC creayer npountaTs, 2 KaKue HeT, He HADYMAA NPU
ITOM CTPOHAOCTH HIJOKEHN,

Janpas KHAra CONEPIKHT HECKONBKO Gojibine MaTepdasa, 4eM meol-
XOAUMO s OpoureHius 18 mexumit m mpoeemenna 18 npaxkTnveckux
sanaTAll. B 4acTroCTH, BCE YTBEDXKASHHA AKKYDPATHO AOKA3LIBAIOTCH, HO
B PEAJIbHHIX JEKHMAX HEKOTOPLIE M3 STHX NOKA3ATENLCTE MOTYT ORITh
ORYIIEHL! IO YCMOTPERMIO ieKTopa. B xonue Kaxaoro naparpada {Temsi)
AMEXOTCA THUTIOBHIE 3aJaM¥ ¢ PelleRHsIMY, KOTOPHE MOTYT IOCTYXKMTH
OCHOBOH JI1sT NPOBE/ICHE NPAKTAYECKHX 3aHaThit. B Konume Kask ol ranel
NPHBOAATCH 38Ja9H, IPSAHASHAYEHHEIS HIIA CAMOCTOATENLHOIO DEINeHUA,
& TaKKe 3aJavYH TIOBLIHICHHOH CJOXKHOCTH {OTMEYEHHbiC 3Be3A0HKOH).
OTBeTH X 3343YaM IS CAMOCTORTEABHOTO PEIIERNsT MAHE! B KOHIE KHHTH,
JerabHOCTh JOKA3ATENLCTS U HANAMHE ZOMONHTENLHEX 34409 HOZBOMNA-
10T CTYHAEHTY CAMOCTOATENBHO HIYUHTE MATCDHAA, He PACCMATDHBABITHI-
Cfl Ha JIEKIMAX WX CEMHHAPaX.

B obrrurom yuefHuKe MpH AOKAIATENBLCTBE TEOPEM YACTO OTCYTCTBYIOT
CCHLIKH Ha ICHSTHA MAH CBONCTBA, BBEIEHHBIE HJH YCTAHOBJICHHLE B
TIpeABIAYIIMX Pa3/ieaXx u riagax. IIpH 3ToM NpeAmoraraeTes, 9TC CTYAEmT
YCBOMJI BeCh IPeIBIAyMMA MaTepHall H Bce nmoMEHT. K coxKajeHMIo,
3TC NPEANONOIKEHVEe HA HPAKTHKE He BCer[a suinonasercs. K Torma
CTYHLEHTY, BCTPETHBILEMY CCBIAKY Ha MATEDHAN, KOTODBIA OH He [OMHUT,
OCTRETCH NEPCYUTATE BECh YueOHHK 3aH0BO MEGO OTIOXKATS GrO B CTOPOHY.
B npepnaraemom mocobum BHIBOA Kaxaolft ¢hopMynnl COMpoBOMXKAaeTcs
He¢ abCTPAKTHMMH <OTCHBUJIKABMHY K HPennIyllyM pasmenam, a
YETKMMM CCbUTKAMH HA H3y4eHHLIe CBOACTBA M BBEHEHILIC UOHATHS.
B mnocofum MNpuCyTCTBYeT CPABHWTENHHO HEMHOTO CHMBOJIKYECKHX
00bEKTHO-OPHEHTHPOBARHBIX COKpallennii, TeM He MeHee ¢ HHMH
Jy9Ire NO3HAKOMETECH 3apalee, A0 Havana €TeHus nocobua. Jna
YH06CTBA YNTAaTeNs BCE COKPAIEHHS, CRMBOIHYECKHE 3ANHCH ¥ OCHOBHDIE
0b03HaMeHHs cOOpaHbl BMECTe B OTAENbHEIN CIIMCOK.

Crnegyer OTMeTHTb, uTO GoubIIHHCTBO yuebuuxkos mo TB »n MC,
onyOmUKOBaHHENYX B Hawell crpane, au0Go BooDle He comepykaT npH-
KJAAHBIX IPHMEPOB, JTHGO 9TH NpHMEPH! WMET oAH0GOKYW (RauprMep,
BoeHHyI0) okpacky. Ho, ouernnuo, 4yTe nns addeKkTuBHOrC BCNOIB30Ba-
HHA HAa NPaKTHKE TOIYYEeRHBIX TEOPETHYECKUX 3HAHNMI CTYHEHT MOMMKeH
YMeTE CAaMOCTOATENBHO CTPOUTh MATEeMATHYECKUE MOJENH JAS KOHKpeT-
HBIX NPHKAaMERX 33089, 1o »rolt npuurne B gannoe nocobide BCTABIEHL!
pa3Ho0bpasHBle HPUMEPH! TEXHUYECKOrO W DKOHOMHYECKOTO XADAKTepa,
NO3BOSTIOIINE CTYAERTY CIyDike MOHATL (PUSHYECKHH M dKOHOMHYECKHH
CMBICJI H3y1aEMOrO HM KYPCa.

TTocoGHe MMeeT HETKYH HEPAPXHYECKYIO CTPYKTYDY, PONHAIIYIO €rg
CO ClIPaBOYHMKAMHU. B wacTHOCTH, HMeeTca moapobubii npeayeTntii yka-
3arens. Bea nndopManus, COZepKalaAfAcH B KHHCE, OApasmeNeHa Ha
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6J10KH, Ha3HIBaEMple 3aMEUYAHHAME, IPUMEPAMM, TeODEMAMH WJIE CBOH-
cTeaMi. OTMETHM, YTO «BONBHEI> TEKCT, OTPAKAIOLIAI MACHWE ABTOPOR,
BCTPEYANOTCH TOMLKO B 3aMevanusx. Taxum obpasom, kaxawit naparpad
(TeMa) cOCTORT A3 MyHKTOB (Pa3feNioB), HASBAHHS KOTOPHIX BLINECEHE
B OIVIABJICHHE, 3 KRaKORI pasmes COCTORT M3 TnX Gnokoe. B kaxkpom
nmaparpacde Hymepaims 6Ji0KoB staaserca apTonmomHolf. ITosToMy nerko
OPraHM3YIOTCA CCBINKH M3 MOCHCIYIOIIMX MyHKTOR KA IPeasAYIIHe.

Ha ocaosannn marroro mocobms pazpaboTal KOMILIOTEPHBIR yuebHHK,
KOTOPRIt MOBBONAET MCHOBEHHO HAXOAMTH OTMEYEHHEIE BblINe CCHUIKH H
MOAYYATHL MHOTOUHCTEHHEIE KOMMEHTAPHM M mogcHeAMs. KoMMeRTapun
MOXKHO HONYYATH KAaK H3 OINIABJCHUS M NMPEIMETHOrO yKA3ATENs, TaK H
#3 CAMOr0 TEKCT4. Dosiee JIETAJIBHO € BOBMOMKHOCTSIMH KOMIBIOTEPHOIO
yuebHuKA MOKHO o3HaKOMUThCH B [13).

Hpu sancanuy KEUrK ABTOPH OPAEHTHPOBAMNKCH Ha H3BeCTHRe yaeb-
ek o TB 1 MC. B vacrHOCTH, MECI'HE TeXHHYeCKHE LPpHIMepbl BISTH
u3 [23], sxoHoMMueckne npuMepst u3 [31], a mapagoxcanbubie MPHUMEpLI
13 [26]. JlakoHH4HOCTD H3JI0XeHu: B KHuTax [27], [20] cnysxuna obpastom
OJIS aBTOPOR. BonbINas 4acTh CHPABOYHOILO MATEPHAIA 3aHMCTROBAHA
u3 [18]. Crpyxrypa nocobust BO MEOrOM HoBTOpsier yuebuuru [23], [12].
Crefyer OTMETHTS, 9TO HacTostmee nocobue ABNAETCA He Nepeoll nonerT-
kot uanoxutsh Kypc TB 1 MC B Takom Buue. ABTope: B cBoe#t pabote
B 3HAYMTENLHON Mepe ONMPATTMCH HA MpEeIIecTBYIOIHE BepcHH nocobxil
no npegnaraemomy xypey [15], [8). Ho mannoe nocofme Gnuio nammcano
NMPaKTHYECKH 3aHOBO, B HETO BELIM BKIIOYEHE! JONOJHHTENLHEE IPAMEDDI
H YCAJICHS CTPOrOCTH M3NOMEHHA MATEPHANA.

Aetopu Gmaromapsir B.A. Edwpemosa 33 momomp B mnoarorokke
PYKOITHCH.



CIIHMCOK OCHOBHEIX COKPAIITEHUN
M OBO3HAYEHHUN

1. MareMarn4eckne cHMBOJbL.

A\B — pasnocrs coburruit A 1 B
A+ B — cymma coburrait A 1 B
AB — mponzeenenne cobuitiit A 1 B
A 2
exp(z) =e
col(z1,... ,¥n) — BekTOp-CcTONGEL C KOMOOHEHTAMHE Z,... ,&n
wE A — aleMeHT w HPHHAANCIKAT MHOMKeCTBY A
w ¢ A — aneMenT w He NPEHANNEXHT MHOXKECTRY A
A C B ~— coborrre A preder noasneHue cobriTas B

k =1,n — uuomecTBO HATYpPANBALIX uHcen oT 1 g0 n
a
£ — pPaBeRCTBO HO ONPEJENEHHID
= — TOXJECTBO
n
3" &x — cymma bt i, k=1,n

o
Il
-

Ap — cymma coburraft Ay, k=1,n

”M:

#1
-

IT #« — uponseenenne penaann xx, k= I,n
k:l

[T Ax — npoussenenue coburruit A, k=T,n
k=l

M[X] — maremaTnueckoe oxunaune CB X
D[X] — pucnepcus CB X

P(A) — peposTHOCTL coburTun A

R' — jreficTeMTCNLAAA OCB

det K’ — onmpepmenyurens Marpuin K

AT — TpalcnonnpoBaHEAs MATPHIS

I — epuuuvHas MaTpuna

2. O6oznavenns.

A, B,C — cnyuatiasie coGprrud

‘A — npotaBONONOXKAGE COBEITHE

& — WIEMCHTapHOe CODLITHE

£} — NpOCTPAHCTBO WIEMEHTAPHBIX COORTHH, AOCTOBEpHOR CODLITHE
& -~ HEROZMAOXKHOE CODLITHE

Wa(A) — wacTora nogsmennst cofutna A B N OOHTAX
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P{A) — pepostiocTh cobniTua A
P(A|B) — ycnosRas BeposiTHOCTH cOOMTHR A OTHOCHTensHO B
Hy -~ k—a raporesa
O — 9BCHOC COTeTAHMIL 3 1 MO m
X,Y,Z — cayyaltnle BeHUHRE
%,Y,# — peannzauwn CB
{w: X(w) £ #} — muOXecTBO W, ANs1 KoTOPBIX X{w) € =
F(z) & Fx(z) — $ynxuna pacnpenenenns CB X
flz) 2 fx(z) — nmoreoCTSs pacnpemenemns CB X
P{X € z} — seposraocrs coburria {w: X(w) € «}
pi 2 P{X = x;} — seposrnocrs cobrrmua {X = z;}
mx 2 M[X] — maremaruyeckoe oxnganue (MO) CB X
Vpy My — HAYAMBHHI H LEHTPAJILHEN MOMEHTH]! MOPAIKS T
dx £ D{X) — aucnepcra CB X
gx — cpeldHee KBaIpaTHdeckoe oTkaoHeHre CB X
X — nenTpAposannas CB
J:’ — ropMmuposaHHas CB
X ~ Bi(n;p) — CB X nmcer 6MHOMNANLEOEG PACHDEACICHHE
C DApAMETPAMH 1t U P
X ~1II{a) — CB X mmeer pacnpencnetne I[yaccona
€ NapaMeTpoM o
X ~R(a;b) — CB X umeer parHOMEpHOE pacOpenclicHHe
ua otpeske [a, b
X ~E(A) — CB X unmeeT 3KCTOHeHUHAILEOE pacipeienenne
€ NAPaMeTPOM A
X ~ N{m;o?) — CB X HMeer HOpMaNbHOE PACIPEACICHHC
C HapaMeTpaMu m 0 o
Bo(x) — pyskuns Jannaca
I'{z) — raMma-pysruna Slinepa
X — KPAHTHJEL YPOBHS o dyuxumn pacupeaenenns Fiz) CB X
F(z,y) — bynxuma pacopenencuus nsymepnot CB Z = col(X,Y)
f(z,y) — naorrocts pacnpenenenus ARymepnott CB Z 2 col(X,Y)
kxy —xopapuanua CB X n Y
rxy — koadounmenr xoppensumer CB X u YV
MY |X] — yenosuoe mMaTemarudeckoe OXAZaNNe Y ormocarensno X

Z, a col(Xy,...,Xn) — Bexrop—cronben us amementoR Xi,...,X,
F(x1,...,2:) — dynrnnua pacnpenenenxa CB Z 2 col{X1,... ,Xa)
fl{z1y... ,2a) — nnoraocts pacnpenenenus CB Z a col{Xy,...,Xn)
K — RoBapUATIHOHHaS MATPHLS ¢ sfieMeHTamMm &y, i=1n, j=1,m
R — xoppenanMoHHas MATPHIA

P EP{X = 2,Y = 35}

{Xa}, n=1,2,..., — ciywaliman nociegosarensrocrs (CII)
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Xn £, x — cxoaumocts CI1 {X,} x CB X no pactpeaencHnio

Xn Pox — cxopumocts CIT {X,.} x CB X no pepoarHocTH

X, =Xy x « cxogamocTs CIT {X,} x CB X B cpenfem KBanpaTHYeCKOM

Xo =22 X — cxommocts CIT {Xa} k CB X nowrn masepnoe
Vr, [ir — Boif0OpouNbic HAYANBEBE H LHEHTPAIbHEIC MOMEHTE! IOPASKA T

mx Ao — BLIGOpOYHOE cpefHes

T A

dx = fis — swfopounas qucnepcHs

- n =

ix 2 — dx — necmelyeHnad BnIGOpoUHAS AMCEDCHS
p—

Zn £ col(Xs,... , Xs) — BribopKa obbeMa n

zn 2 col(z1,. .. , Tn) — peanusamua BL6OpKH obveMa 1

X ~x*(n) — CB X nmeer pacnpesienenue Xn—-KBaApaT
¢ n crenenamMn ceoboam

X ~8(n) — CB X umcer pacnipegesenne CTbioneHTa
€ m cTeneHamy cpoboasl

X ~F(n;m) — CB X nwmeer pacnpenenenue $umepa
¢ N H M CTEeNeHAMH CBOGOIL!

8(Z,) — ewibopounan onenxa mapamerpa ¢

L{z,8) — dyukmua npasgonongobus

3. Coxpamenns.

MMII — meToa MakcHMaNBHOrO NpaBaoroaobns
MHEK — MeTo nadMEHLIINX KBaJPATOB

MO — maremaTiveckoe oXRUAAHNEC

CB — cnyualinasi penuynna

CIl — cayyaiinan nowISI0BATENEROCTE

N.H. — ODOYTH HaBepHOS

C.K. — CpefHee KBEaJIpATHHUECKOoe

3BY — 3axon GobmIHX unCces

IITT — nenTpansnad npefenbHAd TEOPEMa



''TABA 1

CIAYYANHBIE COBHITUSA

§ 1. OcHOBHBIE HOHATHSA

1.1, IpocTpancTpo aneMeATApHBIX coberrnil, Teopus eepoam-
Hocmeti — Pasie)t MATEMATHKE, H3Y4AIMAl 3aKOHOMEPHOCTH CIryYaliHbiX
ABNCHAf, HAGMIOAAEMBIX IPH MEOTOKPATHOM NOBTOPEHHY ONBITA.

Ilox onvimosm G BOHMMAETCA BOCHPONIBEIEHHE KAKOTO-HE0 KOMILIeK-
ca yoroenli sna nabmaionenus uccaenyemoro asneans {cobwmua). Obpuno
CHHTARTCST, UTO cobumue cayuaiing B OmeITe, eCIH IPH HEONHOKPATHOM
BOCMPOHIBEJGHUN STOTC OMBITA OHO HHOT/A TPOUCXOIMT, & UHOLIA — HET,
IPHYeM HEeNL3A 3apaHee NMPeJCKasaTh BOSMOXKHLIN mcxon (cobuiTHe) oTO-
ro ombrra. Ilpe 2roM nabmogaercs ceoticmee ycmodisueocmnu wacmomot
chay4afiHoro cofbITHI: ¢ yBeAHIeHUEM YHCIA NOBTOPEHHH ONLITa 3Hate-
HHe 9aCTOTHl NOABICHMA CnydaliHoro cofpiTHa crabunuaupyerca OXKOIO
HECKOTOPOT'G Hechy4aliHoro 4ucha.

IIpumep 1.1. Ilycrh onmT G COCTOMT B ROAOPACHBAHAK HIPAJILHOMN
KOCTH H HabmoaeHuu YHCna Bhinablmx oukos X . Toraa mMoXKeE0 BBECTH
cneayomue cmydaftupe cobumus: {X = 1}, {X =2}, ..., {X =
=6}, {X €2}, {2 < X €86}, {X —4erno}, {X ~ neuerno} utn,

BoamorkHele HCXOAB «f ONMBITA ¢ HAZBIBAIOTCH SACMEHMAPHLIMY CO-
HrmusMY, eClIi OHH ABIAIOTCS B3AHMHO HCKITIOHA0IMMH H B PE3YIILTATE
onhita G ofiEO K3 HEX oOs3aTENBHC NpoHCXOAUT. COBOKYIMHOCTD {1 BCEX
ICMEHTAPENIX cOOBITHI w B onmTe (¢ HABLIBaETCA NPOCMPAHCINEOM
IremenInepHws cobumudl.

IIpocTpancTso 3neMeRTADHLIX COOBITHE — PTO MATEMATHYECKAR MO-
JeJb ONbiTa, B KOTOPOH MoGOMY cofwmuire CTABHTCA B COOTBETCTBHE
HEKOTOpOEe NONMHOMKECTEO HPocTParCTEa £1. B ofmeM ciyvae KaKIoMy
onuTy G MOXHO COMOCTABHTEH HECKONBLKO MATEMATHIECKUX Mozenel, T.e.
GPOCTPAHCTE NIEMERTAPHEIX COBHITHI.

IIpumep 1.2. B opumepe 1.1 npocTpaBCTBO MNIEMEHTAPHLIX coOLI-
™t @ = {wy,...,we}, 8 MMeMeHTAPHOE COBHTHE Wi COCTOMT B TOM,
wro {X =i}, i =1,8. Coburue {X — werno} = {ws,wy,we} ABANETCH
NOOMHEOKECTBOM IpPOCTpaHcTBa 1.

Onpegenenne 1.1. CoORHTHE HABRIBACTCE HEGOSMONCHUIM B ONLI-
Te (7, eCIH IPH MOBTOPEHHH ONBITA OHO HWKOLHZA He NpOoMCXomHT. Emy
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COOTBETCTBYET MyCTOE NOAMHOMXKECTEO B §!, KoTopoe obosHavAloT & .

Onpenenenue 1.2. CobuiTHe HazLBaeTCad JOCMOBEPHHIM B OHRBI-
Te G, eCNK NpH NMOBTOPEHHH OIEITA OHO IPOUCXOHAT BCerga. EmMy coor-
BETCTBYET NMPOCTpaHcTso §2.

Cobrrrus Gyzem oboaHauaTs HonbUIHMA JaTHHCKIME GykBamu A, B, C
ET.JH,

Qupenexenne 1.3. Tosopart, uto B onuire (¢ colbiTHe A gaedem
nosaaetiue cobuitua B, ecnm M3 ocyulecTBieHMs coObITHA A chnexyer
HacTyIUlenre cobuTua B, T e. kaskapit smemMenT MEOXKeCTBA A NpHHAL-
JEKHT MHOKecTBY B. D710 obosuavaerca tak: AC B,

1.2. Aarebpa coberrnii.

Qunpenenenne 1.4. Coburna A n B masupatorca peenvmu, A=
=RB,ecne ACBuan BCA.

Onpeaenenue 1.5 Cymmod cobwmud A u B HaspBaeTcs cobul-
e A+ B, cocToamee B TOM, YTO B ONBITE Npon3oitaeT x0T GBI OOHO B3
otax cobuait. Coburuio A + B COOTBETCTEYET MHOXKECTBO, SJIEMEHTEL
KOTOPOIO UPHAAANERAT XOTH OR oAHOMY #3 MHOXecTe A wm B, Te.
obLemunenye Muoxkeets A n B.

Onpeaenernune 1.6. Ifpouseederiuem cobumuti A u B HasmBaeTcH
cobuiTHe AB, cocTodmee B OOHOBPEMEHHOM IOABJICHHE »THX CcoOBrTHil.
Cobrrriio AR cooTBeTCTBYET MHOMECTBO C SJIeMEHTAMM, NPHHAJJIENKA-
IHMH OOHOBpPeMeHHO MmuOXecTsaM A u B, T e. nepecevedAre MHAOMKECTB
An B.

Onpeneaeure 1.7. Pasnocmew cobumuti A 1 B uaswieaercs
cobrrrae A\B, cocTommee B ToM, uTO coOnITHE A npouzoiiner, a cobui-
tHe B — uer, © e. cobutic A\B COOTBETCTBYET MHOKECTBO, COCTOLINEE
U3 WIEMEHTOB MHEOXKECTBA A, He NPHEHAJJIEKAEX MHOXKeCTBY B.

Onpenencune 1.8, CobuiTie A HASHIBACTCA NPOTRUSOTOAOHCHBM
cOBEITEI0 A, CCIIA OHO 3aKJIOYaeTCs B Henoapmenuw cobuiTrst A. Cobnl-
THI0O A COOTBETCTBYET MHOXKECTBO BCEX WIEMEHTOB IPOCTPAHCTBA (1, He
NpHERAEKAIEX MEOKeCTRY A, r.e. A = N\A.

IIpumep 1.3. Iycrs cumiT G 2aKmM09aeTcsa B OPOBEJEHNR CTPEILOB!
HAYTAZ MO KBAaApaty <§lr, TOUKH KOTOPOrC SBMAIQTCH 3JIeMeHTAPHBIMH
cobrrTuaAMH . YlycTh nomazianme B KBaapaT «$1» eCTh JOCTOBEPHOE
coburae §l, a nonamaune B obmacTh «A» 0 « B» — cobmTuas A u B.
Tornma coburua A, A+ B, AB, A\B npeacrasaens Ha puc. 1.1.

I'pacdugeckie nzcOparkeHHMA Ha IUIOCKOCTH COOTHOIUGHHD MeXAY
MHOYKECTBAMHE HA3HBAWOTCH dugzpesmmamu Berra. )

Onpegenenne 1.9, Coburra A m B HasuBaloTcsa Hecoamecm-
HbiLAMil, @CIH OHH HE MOI'YT NPOH30NHTH OTHOBDEMEHHO B ONHOM OHHTE, T. &.
AB=¢. '
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PaccMoTpuM OCHOBHEtE CBOCTBA onepauit waj cobuTusmu (cBolicrBa
cobnrTHit).

Csoficrepa cOGHTHR

) 2+4=0; 7} (A\B}(B\A) =@
2) QA= 4; 8) A+B=B+A;
3) AA=A (mome A%); 9) AB = BA;
4) A+ A=A (wore 24); 10) C(A+ B)=CA+CB;
5) A4+ & = 4; 11) A+ B=A4-B, AB=A + B;
6) AG = @; 12) A+A=0, A=A4A.
o Q
AB AB

Pnc. 1.1

Onpepenenune 1.}0. Kuacc F nogmeoxkecTe NMpocTpascTsa 2
HaabIBaeTCA anzebpol cobumudl, ecnn € F wecn ABeF, A+ BeF,
A\Be&F npumobux A€F, Be F.

Bameuanne 1.1. Anrebpy coSHTHil MHOrIa HA3LEBAWT TAKIKE GA-
zebpoti Byan.

1.3. BepoarHocTk cobpiTRA.

Onpenenensue 1.11. IIycTh mpH n-KparHoM NOBTOpeHUM onbiTa G
cobpiTue A npomsomno my4 pa3. Yacmomod W,(A) cobnrma A
HashIBaeTCs oTRomenwe W,(A) =ma/n.

CsoficTea yactoTn W,(A4)
1) W,(A) 20, Tak kax m4 20 u n > 0;
2) WL(A) £ 1, Tax K&K m4 < n;
3) ecnu npH N -KPATHOM TOBTOPEHME OMBLITA HECOBMECTHbIE COOBLITHA
A 3 B DOSBHIMCH COOTBETCTBEHHO M4 M Mp Das, TO

Wa(A+5) S TR - DATIE = D4 4 T8 = Wo(4) + Wa(B)

n

-Anpuopn (3apanee, Ao onbTa) yactora W,(A) sBnsercs cnyyaliHoi,
T.€. HENb3A NPEACKA3ATh TOYHOE € 3HAYECHHE A0 NPOBEICHNA JAHHON
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CepHH H3 n onbiToB. OfHAaKC NpHpOAA cAy4aliHbix CcoOMTHH TaxoBa,
4T0 HAa NpakTHEKe Habmonaercs adubext yerofiumsocrx gactor. Ero cyTh
BAKMMIOYALTCd B TOM, YTO NPH YBeJWYeHHW HHCHA OULTOB JHAYCHWE “a-
CTOTHI NPAKTUYECKH ITEPECTAET OBITE CIyYallHBpIM I CTOSHANIUPYETCT OKO-
JI0 HEKOTOPOro Hecnyuafiworo yucna P{A)}, coorseTcTsylomero manmnoMy
KOHKpeTHOMY cobhITHIO A B onuiTe G {TOYHBIE GOPMYAKPOBKH NPHBERE-
upt 8 § 13, Teopera 13.6).

3amedanne 1.2, Yncno P{A) nepsosauaNbEO ODH CTAHOBIEHHE
TEOPHH BePOATHOCTEH HASLIBAIOCH SEPOATMOCMHI0 COBLITHA A B OmbL-
Te . Beelennoe noHATHe YKazHBAaET HA TO, YT0 BepoATHOCTL P(A)
XAPAKTEPH3YET JaCTOTY TIOSBICHMA COBHITHA A Np¥ MHOFOKPATHOM IO-
BTOPEHHH onkita G. '

Ho uactroTHOe onpepenenue BepoATHOCTH Gbuo HeymobHo O IBYM
npuusHaM: 1) cTpemiieHie 4acTOTH COBnTHA A K BepoaTHOCTH CODHITHS
IIPOMCXOAMT He B OGMENPHHATOM CMBICHIE, & B BEPOSTHOCTHOM; 2) BBIYHC:
NeHHe ImpefenbHOro 3Hauenns P(A), K KoTOpoMy CTpeMATCS 9aCTOTa,
MOKET GHITh HEBO3MOMKHEIM BCICACTBHE IHAUHTEILELIX TPYIHOCTEH PR
npoeeAcuuy GONLINOTG Yncna onniToB. II09TOMY PACCMOTPHM TaK HA3H-
BAEMOE AKCHOMATHYECKOE ONPEe/IEHAe BEPOTHOCTH.

Onpeacanerne 1.12. Kaace F nogMuoxecTe mpocTpaucTsa §1,
BRINOUANONH B ceb PeSyJNBTATE CHOMEHHA M YMHOMKEHMS CNEHOZO
YHCNA CBOMX ACMEHTOB (T. €. 3AMKHYTHIH OTHOCATEALAO ITHX GTepaaii},
Ha3bIBaCTCA o -aszelpoil. Dnementnl o-anrebpu F (T e. moamuoxecTBa
IMPOCTPAHCTBA §I) HASKIBAIOTCH cAyMatindmy cobwmusmy (UIM DPOCTO
CoBBMUAM).

HanoMauM, 4TC MHOMXKeCTBO A HASHBAETCH CHEMHLIM, ECIAM MOXKAY
BCEMH WIEMEATAMH A M MHOKECTBOM HATYPAILUBIX THCER MOMHO
YCTAHOBATH B3AHMHO OZHO3HAYHOE cooTBercTEHe, Hanpumep, MHOXKecTBO
{1,1/2,...,1/n,...} ABRAeTCA CUETHBIM.

Onpenenenre 1.13. Beposmuocmun cobuimusz A Hazmpaercs
yncnosas ¢ynaxkipa P{A), onpenesnennas ua o-anrebpe F u ynosae-
TBOPAIOMAA CICAYIOIEM YETHPEM AKCHOMAM Meopuu epoamuocmet,

AKCHOMMB TeOpHH BepoOsTHOCTeEI

Al. (Heompuyameavrocmo eepoamuocmu) Kaxnomy cobutaio A €
€ F cTaBWTCA B COOTBETCTEHe HeOTpilaTe/buoe vucao P(A4), T.e.
P(A) 2 0 pgna moboro A € F.

A2. (Hopmuposxa sepoamuocmu) Beposrnocts JOCTOBEPHOrO COBLITHS
paeHa eauuuue, T.e. P(2) = 1.
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A3. (Komwexnan addumuanocme eepoamuocmu) Ins moberx mecoBMecT-
HEiX cobLiTHt A 1 B cnpaseayiaso paBeHCTBO

P(A + B) = P(A) + P(B).

Ad4. (Henpepwenocmu sepoamnocmu) Ins moboit yGupaweit noceno-
BATENLHOCTH Ay D A2 D...D A, D ... cobwrnif w3 F, Takofl, uro
AjAg-... A, ... =@, HMEET MECTO PABEHCTRO

lim P(4) =0.

Axcnomel A1-A3 Tecno ¢cBA3aRLI 0O CBORCTHAMHY JaCTOTH. B Jamsneli-
neM axXCcHOMA Ad H NpeANOAMKERHE O SAMKHYTOCTH anrebpel cobmThit
F OoTHOCATENHHO CYETHOTO MHCHA Onepauill HOYTH Me HCHONB3YeTCd.
OTMeTHM TaKOKe, YTe akcHOMBl A3, Ad o KOHeWYHOH ANZWUTHBHOCTH U
HeNnpepHBHOCTY BEPOATHOCTU MOTYT GHITH 3aMEHENnL! HA SKBHBANCHTHYIO
AKCHOMY © CHeTHON ajmuTEBHOCT! BeposatHOocTH (cM. . 3.2).

8 2. OcHoBHBIE CBOliCTBA BEPOATHOCTH

2.1. AxcromaTn9ecKkue cBofcTBa.
Onpegenenne 21. Eciu P{A) = 1, o A ne pasno 1, To
rOBOpST, 9T0 cobHTHE A B onuiTe G NPOHCXOAMT nowmu naeeproe (TL.A.).

Onpegenenne 2.2. Ecm P(A) =0, 1o rosopar, aro cobuitHe A
newmMu KuKozda He npouctodum ¢ onwme (3.

Ceotictsa P(A)

1} Iycts P(A)} = 1. Ilo akcrome A2 P(2) = 1, no u3 srToro me
caepyer, wro A = (r.e. wr0 4 ABNAETCA JOCTOBEPHHIM COONTHEM).

2) P(2) = 0, T. &. BEPOATHOCTL HEBOIMOXKHOTO COGLITHS paBHa HYJIO.
Bo-nepenix, @ € F, nockoabky o-aarebpe F OpUHALIEXHT CaMO

cobmiTie W ero gomouHerne §1 = O\ = &. Bo-propuix, ! + @

= 2. IToatomy, ¢ opuofi cTOpOHBI, No akcroMe A2 nonyvaem P(2+ &)
=P(Q) =1, c apyroft cropousl, no akcEomam A3 u A2 uMeem

Q-0 =¢, Tak XaKk coOH-

P(+2)= I THH 1M @ HECOBMECTHEL

|-P@+P@) =14P0)

OTciona caenyer, aro P(2) = 0.
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3) Hycrs P(A) = 0. Ho ceoficrsy 2)P mmeem P(@) = 0, HO u3
TOr0 He chenyer, 910 A = &, T.e, cobniTre A He obgaarenbHo ABNAETCA
HEeBO3IMOMKHEIM.

4) Ecme A C B, 1o P(A) € P(B), T e. BepOSTHOCTL MOHOTOHHA.
Ipencrapum MuoxkecTBo B xax B = A+ B\ A (puc. 2.1). ITo nocrpoenuio
A(B\A) = &, caenoparennto, coburruda A m B\A HecoBMecTHEL
Hosromy no axcuomam A3 u Al umeem P(B) =P{A)+P(B\A4) = P(4).

5) P(A) € 1 ana moboro A € F. Tax xak A C {2, T0 n3 cBoficTsa
4)P u axcHomet A2 cnesyer P(A) < P(Q) =1.

Q

Puc. 2.1 Puc. 2.2

6) P(A + B) = P(A) + P(B) — P(AB) nna mobux A,B € F.
Tpepcraeum A B Buge A = A\B + AB. Ouepnguo, uro (A\B)(AB) =
= . Tornma mo akcuome A3 umeem P(A) = P(A\B) + P(AB), orxyza

P(A\B) = P(A) — P(AB).

AgxanoruyHeiM obpasom mocrynuMm ¢ coburiem A+ B. Mueem A+ B =
= B+ A\B, npevem B(A\B) = &. Toraa w3 akcuoms! A3 cregyer

P(A+ B) = P(B) + P(A\B).
HMoncrapnss B pasnoe Bupaxcerne dopmyry mna P{A\B), morygaem
Tpebyemoe.

7) P(A+ B) € P(A) + P(B) zas mobrix A, B € F. H3 axcuomnl
Al cnexyer P(AB) 2 0, nostomy mo ceoiictey 6)P nonyuaem

P(A+ B) =P(A) + P(B) — P(AB) < P(A) + P(B).
Tlo NMHAYKORHE MOMKHO IOIYIHTE HEPABEHCTEO
P(T4)< 3 P(4).
=1 i=1

8) Ha ocHoBe akcHOMBI A3 1o HHAYKIHHE MOYKHO NOKA3ATb, WTO €CIH
cobrrrus Ay, ... , A, DONAPHO HECOBMECTHEH, TO

H§M=émm-
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9) IIycre cobnitha A u B necosmecTurt, T.¢. AR = &, Toraa
sepro P(C(A + B)) = P{CA) + P(CB). Ilo npennofoxeHmo HMeem
{CA)(CB) =2, 1ak kak AR = &. Y xpome Tore, no cBOACTEY COOBITHH
10) A umeem C(A + B) = CA 4 CB. Cnenosaressso, 1o akcaome A3
nofy4aem (puc. 2.2)

P(C(A + B)) = P(CA+ CB) = P(CA) + P(CB).

2.2. CeoficTBa BepoATHOCTH ANS MOMHON rpynnsl coGhiTHiL.

Onpeaeneuwne 2.3. Cobwrea Hi,...,H, B omwre ¢ ofpazyioT
ROAHYIO 2PYRNY HECOBMECTIHUT cobumuti, eCTH OHU HOTIAPHO HECOBMECT-
oot (H;H; = @ npu i # J) ¥ B Pe3y/bTaTe ONBITA OPOM3OMIET XOTH
Gbt oxmO 73 coburrmlt Hy, i = Ln, T.e. Hy + ...+ H, = Q. Coberrus
Hy,... , H, HA3HBaIOTCA 2UnomesaMU, eCIH OHA 06pasyioT ROMHYIO Py -
Iy HecoBMeCTHbIX coburuit u P(H;) >0, i=1n.

Onpepenenne 2.4, PaccMOTpEM ombIT G ¢ KOHEUHLIM YHCIOM
BOIMOXKHEBIX BCXomoB 2 = {w),... ,wn}, [H€ w; — NIeMeATapHbIe COGHI-
THA, 06pasyoilKe HONHYIO IPYORY HECOBMECTHBEX CODBITHI, mOABACHHE
KOTODHX paBHOBepoaTHO, T.e. P(w;) = p, i = 1,n. Takue coberrus
Wise-- Wy HABBIBAIOTCA CAfYGAMY, & OPO Onur G TOBOPAT, TG OH
CEOGUMCH K CTEME CAYNAeS.

Onpegnenenne 2.5. PacemorpnM B onibiTe G, cBOAAmEMcd K CXeMe
CILYHaes, MPOR3BOALHOE COORITRE A, KOTODOE MOMKHO NPEICTABHTE B BUIE
CYMML! " cny4aes, T.e. A =wj +...+w;,, upu m £ n. Torga Takue
CJEATAGMEIE Wy ,... W, HA3BIBAIT CAYMAAMU, BAGZONPUAMCTEIOULMY
cobumuto A (MIH 6AQZONPUAMNHUMY CAYHARMI).

Onpeneaenne 2.6. Yeaoowoti sepoamuocmore P(AIB) cobui-
Tass A orHOCWTENbHO coOmTus B, ewm P(B) > 0, naswpaerca Bepo-
SITHOCTD OCYIMECTBICHNS COBBrruA A NPH YCIOBHHA, IT0 cobmtne B yike
TpOM3OLLI0. YCAOBHAS BEPOSITHOCTL onpefenserc (opmyiolt

P(4|B) & 1;}2“;) .

Ceoticrea P(A) (npomomxenne)

10) Ecnu cobuitua Hy, ... , H, o6pasyioT noiHYyI0 rPYNITy HECOBMECT-
HEX COBBITH, TO

P(H1)+..+P(Hn)=P(H1 +.+Hn) =1].

JaxHoe cBOUCTBO HEMOCPEACTEEHHO BLITEKALT K3 ONMpemeNenud 2.3, akcn-
omsl A2 m ceoitctea 8)P.
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11) P(A)} = 1—-P(4). Ho onpenenenmio A =\ A, nosromy AA=@.
Ho croficrey 12) A nmeem A+ A=, T.e. coburaa A w A obpasyior
MONIHYIO TPYNNY HECOBMECTHHIX coGmTult. CneposarTessno, no ceolicTBy
10)P: P(A+A) = 1. Tak xax A ¥ A HECOBMECTHEI, TO MO AKCKOME
A3 nveem: 1 = P(A 4 A) = P(A) + P(A), orxyaa cnenyer nckomas
dopmyna.

12) P(A+B) = 1—-P(A-EB).Tlo ceoftctsy 11) A umeem A + B = A X
xB. Ilosromy u3 ceolictea 11)P creayer P(A+ B)=1-P(A+ B) =
=1-P(4-B).

13) P(AB) = 1 — P(A + B). 9ro cneayer n3 croiicraa 12)P, ecm
BMeCTO cOGLITHR A H B pacCMOTDeTh COOTBETCTREHHO COGLITHS A u B

H MCTIONE3IOBATDL CBORCTRO cobriult 12) A: A= A,

14) Ecnr omur G cBomuTes K cxeme ciaywaes, T0 Plwg) = p = 1/n,
i = 1, n. JeficTeutensto, Tak Kak cOBHITHA Wy, ... ,W, HECOBMECTHH, TO
no axcuome A2 u cpolicTBy BepoaTHOCTH 8)P nMeem

1=P))=Plwy +... +wy) = Plw) +... + Plw,) = np.

15) Ecnu cobrirre A NpegeTABAMO B BHAE CYMMHB 171 OJarONpHATIHX
Cyuaes 13 O0IEro YNCHA N CIYYAEE, TO BEPOATHOCTh TRKOTO COORITHA Ha-
XOOUTCA 1O KAGCcusecxoti dopmyne eurucaenus eepoamnocmu: P(A) =
= m/n. defcrBarensHo,

P(A) =Plwi, +...+wi,) = Plw) +... + Plw,) = 7.

Ilprmep 2.1. OnwpT cocrouT B NOAGPACHBAIUMH UrPadbHOH KOCTH
{cM. npumep 1.1). Tpefyerca HaliTA BEPOATHOCTH BHITAAEHHS HETHOIO
amcna oukoB (colbrrna A). B pansoM cayyae ONBIT CBOZNTCA K CXEMe
CNIyYaes, eClIi B KAYECTBE WIEMEHTADHHIX COORITHE w;, { = 1,06, B3ATH
nonoxKeHud sepxHed rparmn kocrn. Torma n = 6, a m = 3, NOCKOABKY
A = wy +wy + wg . Taxum oGpasom, P(A) =1/2.

16) Paccmorpum onur (G, cBOOAmMMINCT K CXeMe CJIYIaeB, H NPEAo-
JOXKHM, uT0 cobbiTHam A, B, AB GaaronpHsTCTBYIOT COOTBETCTBENHO
my, mg >0, map CIydaeR M3 BCeX 7t BOIMOXKHBIX. JIOMycTHM, 4TO
cobuiTre B ye npousomne. 1o 0IARYAET, UTO M3 BCEX BOIMOMKHBIX 7
CITYy93€B PEaJIBHC MOTAO MOABHTBLCA TONBKO Mp CIYYaeB, IPHYEM H3 HEX
TONBKO MR chyvace Graronpmsrereytor coburuio A. Torna P(A|B) =
= map/mp . JeficTRRTENLHO, TIONYTaEM

P(B) n mg  ms

17) P(AB) = P(A)P(B|A) = P(B)P(A|B). Haunas ¢opmynra
cremyer K3 onpeiencHHs 2.6 # cBoficTha KOMMYTATHMEHOCTH OLEPALiHH
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YMHOKeHus cobuiTmit; AB = BA. Heficrsurensuo,
P(B)P(A|B) = P(AB) = P(BA) = P(A)P(B|A).

Onuoft 12 0CHOBEBRX (OPMYA LI NOJICUETA BEPOSTHOCTA Gy vaitHoro
CODBITHST ABAACTCH KJIACCHYCCKAs hOpMyNa, MPUBENEHHAA B CBOHCTBe
15)P. B cxeme ciyuaeB NpelaraeTcs CACAYIOIMIT NMODANOK peIeHHs
33334 ¢ HOMOmBIO 3Tof HopMyNEL.

1) OupeseaaTe MEMERTAPHIIE CODRITHS, CBOIA ONBT K CXeME Cy1acs.

2) [ToacuuTaTh KONHYECTBO N BCEX CIYYAED.

3) Ouncars cobbitize A, BePOSTHOCTE KOTOpOro Tpebyercs: HalTH.

4) TloacuMTaTh YHMCRO My CAYYACE, DNATONPHATCTBYIOWHX CcOGLI-
THIO A.

5) Bocrnomb2osaTbost Kaccuyeckost hopMynoit BEIYSCNEHUS BEPOSTTHO-
cra P(Ay=mu/n.

S3amevanune 2.1. llpy suyiesiendn CAyYaeE ACKXOAAT, KaK NPABHIQ,
K3 MHTYUTHBHBIX COOOPAKeHHH 0 CHMMETDHH HCXO/0B H #X DABHOBOZMOMK-
HOCTH.

2.3. Tunoepie 3a8a4M.

S3azaua 2.1. B oTmen TeXHHYECKOro XKOHTPONs NOCTYOH/IA NAPTUA
u2 15 wamesmuit, cpemy KoTopeix 5 6pakoBaHHbX. [ UpOBEPKH KaueCcTEa
NapTUM Hayran BuGpaso oo uzfenHe, C Kakolt BEPOATHOCTHIO OHO
OKaXKeTCsa OpakOBaHHBEIM?

Peurenne. [lepenyMepyem Boe H3AENHS ¥ ONpeAenHM NIEMEHTADHEIC
cobbrrust (cryvan)

w; = {Buibop i-ro uzgenms}, =1, 15.

Taxnx snemenTaprsix coberralt 15, me. n = 15, Onmmem coburne A,
BEPOATHOCTH KOTOporo Tpelyerca HallTh:

A = {smbop GpaKoBAHHOIO M3aeMus}.

Yucro sneMerTapHHX cobHTHit, Gmaronpuarcreyomux cobmTHio A,
PABHO KonE4ecTBy GpakoBaHuBIX peraneii, T.e. my4 = 5. Toraa cormacHo
KHaCCH3eckoil GopMyse BENHCIEHHA BeDOATHOCTE

Oreer. P(A)=1/3.

3aaavas 2.2. YenoxauM npeauaymyio sanaqy. IlpeanonoxmM, 1o
AJIS OpOoBEpKH nApTHH, cocrominellt m3 16 wmagenmnft, cpeam KOTOPHX
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Haxonarca 5 OpakosamHuIX, sebApaloTca 3 uzgenus. Ilaprus cudTaercsa
GpaxosanHoit, ecnu Gpakyercs xoTa 6 onpo uzgenue. Tpebyerca HaliTe
BeDOATHOCTD TOPO, YT naptua Gyner sabpaxosana.

Pemenne. Creaya npensio:keHHOMY BBIIIE MOPATKY DENICHNAA 3803~
Y, ONPEAEnAM NEMEHTAPHOE CODBITHE B DACCMATPHEAEMOM OILITE Clle-

AyomuM o0pasoM:

W= {nocne)mnai'emocm H3 TpeX JeTateit,
- BHOpanHEX W3 15 meTaneil

Bcee rakne aneMeHTapHbIE CODLITHS PABHOBEPOATHLE H ODPA3YIOT IIONHYIO
TPYNIY HECOBMECTHHX COOHLITHI, T.€, ONLIT CBEAEH K CXeMe CIYyYaes.
HAast Toro 4yTobH NOACIATATL KOIHYECTEO 73 BCEX BOIMOMCHLIX CIydaes,
HCIIOAB3YEM TAK HASHIBAEMYIO cremy oenbopo bes svsepeugerud. Ilepsyio
JEeTANb ISt TIPOBEPKE MOKHO BriGparh 15 cmocobamm (mo xommuecTBy
uMelomuxc B naprar geraneh). Ilpm nposepke sy xaxzoro cuocoba
prifopa mepsoli Aeranu cymecteyer 14 cnocoboB BHGPATE BTOPYIO ACTATD
(Tak kax ogHa aeTanb, BHOpaHHAd nepeoll, yxKe OTCYTCTBYeT). Takum
obpazoM, Ipu poBepKe ofee KonmHyecTero cnocobos Bbopa. 2-X geraneit
paerstercs 15 - 14. Paccysxpan manee amanoruvusndg obpasos, noaydaem

n=15-14-13.
Onmnmem Teneps cobuTHe A, BEPOATHOCTL KOTOPOTO Tpebyerca HadtTn:

A= { B NOCNEIOBATENBHOCTH U3 TPEX BHIODAHHBIX
JeTanell oKaxeTca xoTa Obl ofHa 6pakoBaHHAA

PaccmoTprM cobnitie A, npoTHBONOMOXHOE COORITHIO A

B IOCNENOBATCNLHOCTH H3 TPpEX Bblﬁpaﬁﬂbl'x
Jeraneii He OKAMKETCA HM OJHON GPaKoBaHHOM

IoacynTaeM 4HCIO NIEMEHTAPHEIX COOGLITHI, OIATONPHATCTBYIONIHX CO-

6niTHI0 A . C 3TOl 1e/LI0 HOBTOPEM PACCYIKTEHHS, HCIONBL3OBAHHEIS IS
nomcyera 7. BHOApasa Jetanu ToNbKO H3 10 HeOpaKOBAHALIX, TOMYSHM

mz=10-9.8,
Torma, ncmonbays xnaccH9ecKyo ¢hopMyly BEYHCICHHA BepOATHOCTH,
OKOHYATeNLHO 6yIeM HMeTh

— 10-9-8 24 67
PAy=1-PA) =1- 3 =1"5 =a-

Orset P(A)= 67/91.

SBazxaua 2.3. Jas 20 yuacTankor Kordepeniny, cpeiim KOTOpHxX 12
POCCHACKHX, B TocTHHHLE 3abponnporano 20 Homepos. H3 3THX HOMEpOB
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12 — ¢ pugomM Aa Mope. IlopThe Hayran PEIAaeT yIaCTHUKAM KOR(EPERINH
KAK4H oT HoMepoB. Halttn BepoATHOCTL TOTO, YTO HOMEDA ¢ BHOM HA
Mope AocTanyTea 12 poccufickuy yuyacTHYKAaM Kosheperan.

Pemenne, [lponenypa BrigeseHHA TOCTHHHYHLIX HOMEPOE YYACTHH-
xaM KoHdepeHUHY NpeacTaBaseT cobol UPHCBOCHHE KAXIOH damummm
B CIHCKE YYaCTHHKOR HOMepa, BHIOpaHHOrO Hayraj noprhe. Onpenesnum
MeMEHTAPHOE CODLITHE

TOB, 06PA3OBaHHAN COMNIACHO YIIOPALOYCHHOMY

[OCNEE0BATENLHOCTD M3 HOMEPOB ANMAPTAMEH-
w = .
{ CIECKY Y4aCTHMKOB KoH(epeHuun }

Bce Taxue anemenTtaphbie cobHITHS PABHOBEPOATHLI M 0OPa3YIOT MOIHYIO
TPYyNOy HeCOBMECTHBIX CoDRITHI, T. €. OIIHT CBEHEH K cXeMe ciydaes. Jlna
NONCHETA YHCHA 7 BCEX TAKHX (JIYYaeBR BOCHONbL3YeMCS cxemoill BhGopa
6e3 posBpamenns. [Tomyaaem

n=20.19.18-...-2-1=20!,

3aMeTuM, YTO Mbl DOIYIHIH HIBECTHY) B KoMOHRaTOpHKe BesmaERy ki,
PaBHYIO KOJIMYECTBY BCEX CNOCOGOB CPOPMUPOBATE PasAMYHBIE HOCIEA0-
BaTEABAOLTH H3 k WIEMEHTOB, T. €. “HUCAY 6CEX SO3IMONCHHE NEPECTNAHO-
eox k snemermos.

Quniem cobbirme A, BepOSTHOCTE KOTOPOTO TpebyeTca Haltrm:

IBEHAOUATH POCCHICKMM yYACTHHKAM KOH(pEePEeHIRH JOCTa-
A= HYTCA HOMEPA C BHAOM HA MODe, A OCTAJLHLE HOMepa .
CyayT pacopeAcicHbl MEKIY OCTABLIMMHCA YYACTHHEAME

Haftnem uncao m, cnyvaes, Guaronpuarcrsyiomux cobpiuio A. s
ITOro pacHPEIeNAM CHAYAJIS HOMEDA ¢ BHIOM HA MOpE CPeil poccuii-
CKMX YYacTHHKOB KoH(epeHmu®. ST0 MOXHO ¢uesath 12! cmocobGamu,
COMVIACHO PACCYKIEHUAM, NpUBEACHHLIM MpE nofcyere n. Ha xesxaniit
crniocob pacipesenaTs YKASaNALIe HOMepA CPeaH POCCHICKMX YIACTHHKOE
xoucepeHHa cymecTsyer 81 cnocoGoB PACHpPENeATL OCTABIIEECH HOMe-
PA CPEOH OCTANBHBLIX YYACTHHKOB. Lakum of6pazom, obIjee KOMHYECTRO
AEMEHTAPHEX cobniTHit, GraronpuATCTEyIOmMUX cobpiTHIO A DpaBHsercs
12! . 8!. CregoBaTeanHO,

m4 = 121. 8l
Han paxoxaenns P(A) socmons3yeMed kmaccudaeckoit GopMyaok
_ ma _ 812!
P(4) = o = 20r -

Orser. P(A)=8112!/20!,

3axava 2.4. Togbpacmsaior K urpammamx xocrell. Hadita sepo-
ATHOCTS NOJIYueHHA CYMMEL OUKOB, pasuofi: ¢} K; 6) K +1.
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Pemenne. a) [Ipepnosorkum, wro B MaHmolf 3aasue BCe KOCTH
sanymepoeaHdrt or 1 go K. Bynmem moHMMAaTh oA, 3E€MENTADHEIM COGbL-
THEM

w= {nocue,n.ona'renbuoc'rb uz K mudp, coorsercTBy-
~ LiomEx YAy BHNABIAX OMKOB Ha xaxcaoli kocref

Bce Takue aneMeHTapHBle COONTHH PABHOBEPOSTHEL K 00pa3yloT noanyio
TPYIIY HECOBMECTHBIX cobnITuit, T. €. OLLIT CBeOeH K cxeMe cay4daes, [Ipn
UCACUYETE YUCHA N1 BCeX CIyYaeR BoCNONMb3yeMcda cxemoll Bribopa ¢ Bosspa-
wenueM. Ha neppoil urpanbnoli XOCTH MHCAO OYKOB MOXeT NOSABATHCH 6
criocobamu (obas muadpa or 1 ae 6). Jna kaxkporo coocoba HoABaeHH
YNCAS OYKOB HA HEepBol KOCTH cymectsyeT 6 crocofoB MogsneHua Yucaa
OMKOB Ha BTODOH MrpajbHOli Kocrm H T. A (cM. 3agady 2.2). Takum
ofpa3zoMm, obiiee YHCHO BCeX BOSMOMHEIX BIEMEHTAPHBIX CODRITHIT

n = 6%,
Onumem cobnTre A, BEPOATHOCTL KOTOPOTO My KHO HaliTn:
A = {cymma ovukoB Ha K nozSpomennnx kocrsx pasaa K }.

3aMeTHM, YTO NOABACHHE TOr0 COOMTHA SKBHBAJIEHTHO TOMY, "ITO Ha BCEX

HIPANBHBIX KOCTAX BRIMAHO 10 OKHOMY OYKY. (QMEBUIHO, YTO 9TO MOKeT

TIPOM30OHTH € AMHCTEEHHLIM COCO6OM, T. €. IO 3AEMEHTAPHLIX COOLITHH,

GuarompuATCTRYIOMEX cobriTHio A, paBuo epusune (my = 1).
CnenoBaTeNbHO, COMMACRO Kiaccnyeckoli (hopMynie BEUHCIERUS BEPO-

ATHOCTH

A

68 °

6) Ilockonbky ONBIT He H3MEHH/CSH, SMEMENTAPHEE CODBITHA U BejH-
YKHA 7 OCTAIOTCA mpexxkaamu. MsMenserca nums cobbiTHE, BePOATHOCTE
KOTOpOro Tpebyerca HalTH:

P(4)£ 24 =

B = {cymma oukoB ra K moalpomennbix xocrax pasua K +-1}.

CobriTHe B 3KBHBaNEHTHO TOMY, uTo Ha K ~ 1 HrpamnHolf kocTH BhNA-
JeT MO OZHOMY 049Ky, a Ha op#olft nrpamproli KOCTH BHIAAET KBA& OUKA.
Toacuer umcns MeMeRTAPHEIX COOHITHH, GAArOOPUATCTBYIOWMX colbI-
THI0 B, cBoguTCA, Takum obpazoM, K HAXKAEHHIO KOIHYeCTRa cnocobos
BHIGPATE OOHY HIPANLHYIO KOCTE: B3 K, Ha XKoTopoll JOIKHO BbINACTDL JB3
ouka. Ouesngno, 4to ects K Takux cmocobos. Crenoparensuo, mg = K.
Faxmm obpazom,

P(B)= X

Orser a) 1/6%; 6) K/6X,
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3agaua 2.5. Tpu crymenra MAH, mpa crymenta MOH u yernipe
cryaenra MI'Y nayras paccaxusaiorest B Tpn sarcsa. Jns kaxmoro
NBCCAKHMPA BEPOATHOCTh OKAIATHCA B JUOGOM K3 BArCHOB OJKHAKOBA.
Haftrr BepoaTHOCTE caeaywomux cobrrmit:

a) Tpu crynenra MAU oxaxyTcs B pasHEIX Baronax;

6) npa ctysenta MO okaXxkyTcst B Da3HbIX BAarOHAX.

Pemenne. a) Onpenenum anemenrapHoe cOOLITHE A18 PacCMATpH-
BAEMOro B 3AJIaMe OIhiTa CNEOYIOIHM OOpa3oM:

w= { [0CAENOBATENLHOCT H3 HOMEPOB BaroroB, 06pasoBail- }
HAN COTARCHO YMOPAAOYEHHOMY CHHMCKY [ACCAXHPOB

Bcee Takue amemerTapHhie co6LITHA PABHOBEPOATHREE ¥ 00pa3yOT MOU-
HYIO FPYIHTY HECOBMECTHRIX COOLITHI, T. €. ONBIT CBEAEH K CXEME CIIY4aeB.
Ans goncuera 4ucna n BceX CAYYEEB BOCHOVIBIYEMCH NpoueAypolt, onrl-

cargol B mpenpxymeit 3amaue. B pesyabraTe mosmyumM
n=3°%
Hac unrepecyer BeposTHOCTD COBLITHS
A = {Tpu crynenta MAH oxaxxyrea B pasHBIX BaroHax}.

Pacupenenus CHAURJIS HMEIOHHECS ¥ Hac TpH 6GHAETR € HOMEDaMH
PA3IHMHBIX BarouoB cpean cryzesTos MAMWM. lefcteys ananorH4mo
Hpouexype, oDUCARHCH B 3aiave 2.3, noayYaeM, YTO 5T0 MOXKHO CIENATD
3! cnocobamm. Ha xeoxpmili Takoft cmocob cymecrsyer 3% cmocoGos
NPHNACATbL HOMEPA BAaroHOB BCEM OCTBBIIMMCA NacCAKHpaM. Takum
obpazom,

ma = 3135

B pesynrrare nonyuaem

6) B arofh 3amaue HAC HHTEPECYET BEPCATHOCTD CAEAYIOWIErD COOLITH:
B = {gBa cryperTa MAH oxkaxyTcs B pa3HBIX BATOHAX}.

Ynceno ecex cAyvaes, CBS3aHHHX C OUBITOM OCTAETCS 063 H3MEHEHAN: 1 =
= 37, s noacyera 4dcaa cAyyaes, Graronpuarersyomux cofermo B,
BOCIICAIb3YEMCH CHavasa mpouenypolf, mpennoxkenuoli B 3aaaue 2.2, a
EMeHHe, nepebiit crynet MOW Moxer Bubpars BAroH TpeMma cnocobaMy,
a Bropoli — apymz. Taxnx cniocobor 3- 2. OcTaBmuecs NaccaKHpEL MOTYT
IOJIYTHTH HOMEpa CBOMX Barowop 37 cnocobamu. MosTomy

mg=3-2.9.
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Takum obpasom,
3.2.%7
3

P(B) = = §
OTser a) 2/9; 6) 2/3.

3azaua 2.6. [lpexmomoxim, 4TO B KaXKAOM H3 TpeX BarcHOB €CTh
poBao & MecT, A Kaxgpdi H3 Tpex ¢TyaenTor MAU moxer zanats moboe
3 umetomxca Mect. Hadiri Bepogrmocts Tore, uro tpu cryaenta MAM
OKAMKYTCH B PAIHHX BATOHAX.

Pemenne. Onpegennu sneMenTaproe cobrTHE B PACCMATPHBAEMOM
onBITE CAeayIcmuM obpazon:

w= { NOCAEAOBATENLHOCTL K3 HOMEPOB MECT, 00pa3oBaHHAA

~ | cornacmo ymopaAoUeHHOMY CIHCKY cryaenTo MAH
Bee Taxne anemerrrapune cobnITHA PABHOBEDOATHHL M 00pa3YIOT MONMHAYIOC
Tpyuuy HeCOBMeCTHRIX cobuiTull, T. €. OIMT CBeAeH K cxeme cayuaeB. s
TIOACYETA BCEX BOSMOXKHLIX CAYMaeB BOCHONL3YeMCcH cxeMofi Brbopa Ges
sosspamenusn. Torma YuC0 n BCEX CIYYACE, CBA3AHHBIX C ONBITOM, PABHO

n=23k-(3k—-1)-(3k~2).
Hac no-npexHeMy HETEpecyeT BepOSTHOCTh COOLITHES
A = {rpu crymenta MAY 0KaXKyTCH B DA3HBIX BATOHAX).

Ounako 4HCHO 37IeMEHTAPHHX CcobHTEH, GAaronpnaTCTBYIOIAX cobbt-
THIO A, Tenephk paBHO

ma =3k -2k k = 6k°.
B pesysnbraTe noyuaeM

6k° _ 2k?
3k -(3k—1)-(3k—2)  (3k-1)-(3k-2)"

P(4)= T4 =

3amernM, 4TO UPH HEOTPaHAYEHHOM YBeNMYEHHH UH(JIA MeCT B BalOHe,
T.e. npu k —3 co, HMeeM

__._.2_.,_
-H-3-3 9

Cpasuure nomydeHunfi pesyIbTaT ¢ OTBETOM B 3adanuy @) 3azaum 2.5.
2k*
@k—1).(3k-2) '

ho

Jim P(4) =

OTsBer
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3agaga 2.7. B posnrpaime aorepen ydacreyior 100 6msieros,
cpean KOTOPHIX 25 Bhimrpalmibx. Kakora seposarHOCTh ocTaThCA Ge3
BHIUCPHINS, piobpers 3 6unera notepen?

P em e u e. Paccmorpawm ABa cnocoba pelllenns aToft 3agayy, OTIWYa-
Mecd oTNpeAeleHHeM 3ieMEHTAPHOIO COOLITHS.

Cnoco6 I, Ompememm anemenTtapnoe cobnTre crepyiomum olpa-
30M:

w = {XI0CAENOBATESHOCT U3 HOMEPOB KYIWIEHHBIX Guneros}.

Bce Takne anemMeHTADHER CODLITHA DPABHOBEPOATHH H 06Pa3yIoT HONHYIO
PYROY HECOBMECTHBIX COOBITHIH, T.e. OHBIT CBEOEH K CXEME CAyJaes.
Paccy>xnas Tak e, Kaxk B 3aga4e 2.2, IOXYIHM, YTO UHCIO BCEX CIYIACE

n=100-99- 98,
Ornumem cobuiTite A, BepOSTHOCTEL KOTOPOro HYXKHO HafiTH:
A = {Bce Tpu 6maera okaxcyrcs Ge3 BHIMIPHITA}.

Torma yucao cnyvaes, GraronpusTcTeyomux coduTHio A, BHpaxkaercda
CHEAYIOMEM 00pasoM:
ma=75-74-73.

B pezynerare umeeM
75.-74-73
1009998 °

Cunocob II. Onpenennm 8 1ol 3aia4e NTEMEHTAPROE COOLITHE IO~
apyromy. Ilas aToro BBgfieM CAEOYIOLIEE IOHATHE: Nod COGOKYNHOCITIBIO
Gydem ROHUMATIL MHOJCECTIIE0 IACMEHTNOG, NGO KOMOPOM HE GGO0UMCR
NOPAGOK CACO0BAHUR IALMEHTTOE,

PaccMmorpiM B KauecTBe MIEMERTAPHOTO cOOBITHS CAEAYIOMee

P(4) =

w = {COBOKYIIHOCTD M3 TpPex JvTepefinbix GuneTon}.

Taxoit coco6 sr1Gopa 3eMeHTAPHOro cOOHITHSE B Jaunol 3amaue BO3MO-
JKe€H, TaK KaK Hac He HHTepecyeT NOPSNOK, B KOTOPOM mpuobperasuch
noTepefinbie GUAETH, 2 HATEpeCYeT TONBKO HX KAYeCTBeHAbE coctap (xo-
JMHYECTBO BHIMTPHIIHHIX cpefd Hux). Bee takue snemerrapHpie cobuitus
PaBHOBEPOATHH H 00pa3yeT NIKY K FPYINIY HECOBMECTHLIX COBLITHIL, T. €.
OIIBIT CBEAEH K CXEME CHY4AEB.

Tlockoneky u3 OFHON COBOKYIHOCTH TpeX IMEMEHTOB (COIMIaCHO pe-
3yILTATY, NOJYYEHHOMY B 3a1ave 2.3) MO)KkHO nosyuuTs 3! nocneaosarens-
HocTelt, T obmee 4MCAO BCeX MIEMEHTAPHEIX CODHITHH, ONpemeneHHBX
TakuM crocoboM, Bymer B 3! paz Menbme, Yem 6LUTO NopyyeHo npm
HCIONB3OBAHHN NEPSOre cnocoba pelneHHs 3a0a4H, T. €.

o= 100-99-98
- 3 :
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Ilonyvennas BemmumAa Moxer 6HTH [PEICTARNEHA B CHEZYIOIIEM

BHJIC!
100!

= 3r00-3)1"

Mu nogysni u3peCTHYI0 B KOMOMHATOPHKE fHOPMUAY OAR “UCAQ cONE-
manudt uz k anemenmos no I:

k!
= T-m

n

T. €, OJis 9HCA3 BCEX BOSMOXHBIX cnocobos soibpars | amemenros us k
MMEIOHIHXCS, eCNH NOPAHOK BLIGOPa HeCylIecTBEH,

AHanormdanble pacCy;KISHHA NPHBOSAT K HAXOXKICHHIO YHCAA CAYYAEE,
OJArONpUATCTBY IOIIMX ONPEAcTCHHOMY Bbime coObiTHIO A !

75!
ma = Cfs = s -3
OxoHYATENBHO TONydaeM

Cds _ 75-74-73
Cioy  100-99.98°

P(4) =

OTBeT- 0?5/6?00 .

Sagaua 2.8. VYuoXKRHM, N0 CpaBHeHHI® ¢ mpenpinyiiel samaueti,
npasuaa aorepeu. [lycTh B sorepee OCYLNECTBIAETCA POSHIIpLILL 6 HoO-
mepos K2 49. lopafoK BLINAZEHEWS BHIKIPHLINMEX HOMEDOB HEBAYKEH.
YdacrHuK NoTepen BuIbHpaeT 6 noMepoB 3 49. Beinrpeimn spinnauusaercs
yragaswmm 4, 5 wnw Bece 6 Homepon. OnpeneadTh BePOATHOCTL YIBILIBA-
HHA POBHO YETHIPEX BHIMIPHINHLIX HOMEPOB,

Pemenne. Onpeaenrmy sneMenTapuoe cobbiThe B JaHHOH 3asa4e:
w = {coBoxynHocTs 6 HoMepor 13 49}

Bce Takue aneMenTapHbie COOHTHA PABHOBEPOATHEL H 0GPa3yIOT NOMHYIO
T'PYIIRY HECOBMECTHBLIX COBBLITRIL, T. €. GIIEIT CBEHieH K cXeMe Cydyaes, Toraa
HONYy<MM {AHAZOTHYHO TOMY, KBK 3TO CAENaHO B UDeALLAYIeH 3azade)
KOMHYeCTBO BCCX CyUiacB

n=Cl.

Onnamem coGHITHE, BEPOATHOCTL KOoTOpOro Tpebyercs HalTh:
A = {yrazaio 4 BLIATPHIMHLIX HOMEPa}.
ITocne posnrpeima JjoTepen 49 Y9aCTBYIOmMEX B POIBIrpHINE HOMEPOB

AensTca Ha JBe IPYNnL: 6 HOMEePOB — BHIMIPHIMHbIE H 43 HoMepa — Ge3
BHEETPHINIR.
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Jas Toro wrobnt npowzonuto cobuTite A, Heo0XOMEMO H JOCTATOUHO
Bb6pars 4 HOMepa W3 6 BWATPHMAHIX (3T0 MOXHO caenats Cg cno-
cobamu) M pHGpaTs oCTaNbHEE 2 HOMepa u3 43, ocTaBmmxcA Ge3 BH-
urpeima. Takum obpazoM, obniee wHCAC chyuacs, OIArONPHSTCTBYIOMMX
coBriTHIO A, MOXKeT OHITE HallaeHo chemyrourmy obpasom:

— 2
my = Cg . 043.
Bocnonbzosasnnick knaccuueckoft (bOpMyJIOﬁ, HonyaInM

2
P(4) = —-—-Cgcgﬂ.

Orset P(A) = CICH/CS,.

Banaua 2.9. Ilyers P(A) =P(B)=1/2. Bepuo a4, yro P(A|B) =
=P(B|A)?

Pemenue. Ilonsaysict onpefenensem yenopaolt BEpOATHOCTH, IOy~
YAM
P(AB) P(BA) _ P(AB)
P(B) ’ P(4)  P(4)

INockonbky B JAHAOM CY9ae COBHAZAIOT M YACHHTENW, H 3HaMeHaTelH,
to P{A|B) = P(B|A4).
Oreert Bepno.

P(A|B) = P(B|A) =

Bagavwa 2.10. Hyers Hy, Ha, H3, H4 — paBHOBEpPOATHLIE IEIIGTESE!.
fAensiorca ap renotezaMu coborrea Hy 4 Hy u Hy + Hy?

P e enne. Heobxomumo NMpoBEPHTE, BHIOAHAIOTCA AH AAA COOHTHI
Hy + Hp w Hy + H; csolicrea, KOTOPDHM JAODKHBI YAOBJIETBOPATH
runoTesnl. [IpoBepuM MONDApHYIO HECOBMECTHOCTE ITHX COBLITHI:

(Hy + Hz}(H3 + Hy) = HyHz + H{Hs + Ho Hy + HaHy = 9,

TaKk Kak Hy,Ha Hy,Hy — runoress, H NO3TOMY OHH HECOBMECTHEL
IIpoBepum, 06pazyroT U 3TH COOHITHS HOAHYIO CPYINLY:

(1 +H)+(Hs+ Hy)=Hi+ Hy + H3 + Hy =42

Taxum obpazom, (Hy + Hy) u (H; + Hy) ofpasyloT monmyio rpymuy

HecoBMecTHRIX cobuireit u P(H; + Hp) > P(H1) > 0, P(Hs + Hy) =

2 P{H3) > 0. CnepgosarensHo, 9TH cOGLITHS SBAAIOTCS IANOTE3AMH.
Oreer Ha, apnsiorca.

3agaua 2.11. Tiyers P(B) > 0. Hoxasars, wro P(4|B) = 1 —
~P(A|B).
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Pemenne. [To ceoficteam cobuirutt 2) A, 12) A, 10) A u axcuome A3:

_P(B) _P@QB) _P((A+A)B) _P(AB+AB) .~
=@ =P® - P®E - FE _LAB+PA[B).

CregopaTeasno,
P(A|B) =1 —P(A|B).

Yro i Tpe6oBANOCH AOKAZATD.

§ 3. Ocroplbie POPMYNBI BEIYACTCHUS BEPOATHOCTEH

3.1. ®opmyna ymHoxcenus BepoarHocTell. OcHosHON 3amaucit
TEOPHH BEPOATHOCTEH MABJACTCH BLIYHCACHWE BEPOATHOCTEH CAOMKHLIX
COORTHI ¢ HCTIONB30EAHIEM BepoATHOCTel Gostee MPoCTEIX cOOHTHIL.

Teopema 3.1. Bepoamnocmo odnospementozo nossaerul cofivi-
must Ay1,..., A, svipascaemces dopayaoil ymroscenus eeposmno-
cmeth

P(A1Ay ...+ Ap) = P(A1)P(Az|A1) ... - P(Au|Ar ... Anct)s

8 xomopoii eepoammocms xaafo20 caedyotiezs no nopadxy cobumus
BUNUCAREMLR NP YOAOBUU, MO & PACCMAMPUBAEMOM ONBINE NPOUIOUAL
ace npedudyuue cobvimus.

Hdokasarensvcreo. [IpopegeM HOKAZATENBCTEBO IO HHAYKUAH. Ec-
M n =2, TO YyTEEePKACHHE BEPHO II0 OUPEAENCeHHIO YCIOBHON BepodT-
mocte, [IpennonoxkpmM, uro ¢opmyna cnpabeiyuBa Gyt mobHX 1 £ k.
Torpa, paccmMarpasas nponseeaenne k + 1 cobbiris, Monyyaem

P(A1Az-...- ApAp1) = P((A1Aa- .. .- Ap)Arr) =
= P(AlAg et Ak)P(A;H.lIAlAz el Ak) = P(Al)P(AzlAl) X ...
e X P(Ak|A1Ag LI Ak_l)P(Ak.'.]_lAlAg teet Ag).

Taxum obpazoM, dopmyna okasmpsaercs sepHoit u gna k + 1 coMHOXu-
Tena. Ilo muayxmyu saxknoyaeM, IT0 GOpPMYIa YMHOMKEHHSA BEPOSTHOCTH
BEPHA.

Onpepencune 3.1. Coburua A B B HAZHIBAIOICH HESGOUCUMB-
su, ecnn P(AB) = P(A)P(B). B npoTHBEOM c/Iyuae COOHLITHA HA3LIBA-
IOTCH 33BHCHMBIMH.

Onpegenenne 3.2. Ecmu mobbie mpa coburua m3 Ay,...,An
HEIABMCHMBS, TO COOLITHA Aj,... , A, HASHBAKTCA NONGPHE HESAEUCLMYG-
Mu. CobbiTHA A;,...,A, HaSHBAIOTCA HEIGEUCHMBMU 8 COBORYRHOCTIU,
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HIIK TPOCTO HESRSUCUMDIMY, 6CTH st MobuX k=1,n 1 1 <6 < ...
... < g & N BepHO PABEHCTEO

P(Ail. fese A“lk) =P(Aﬂ'l) Caes 'P(A‘k)‘

HesaprcumocTs cobeiTult He caeayer U3 HX NONAPHON RE3aBUCAMOCTH, HO
o6paTHOE YTBEPIKAEHUE BEPHO,

IHpumep 3.1. Ilycre mmeeTca TeTpasap, ¥ KOTOpPOro Neppas CPaHb
BHIKpalllecHa B KpPACHBI mBer, BTOPaN -~ B CHHHIL, TpeTHa — B JKenTHill,
A YETBEPTAHd I'PaHb BHIKpAINeHa dacTAMY B KpacHhill, cumell ¥ xenThd.
ITycTe Choyvau w,ws,Ws,iy COCTOAT B BHIANCHUH B ONHTe G ofaHON
3 rpamedi. Coboitne A cocTOMT B MOABNEHAWM rpaHH KPACHOIC HEETA,
coburrae B — chnero, n cobuthe C — xenroro upera. Torza P{A4) =
= P{wi + wy) = 1/2. Ananormuwo, P(B) = P(C) = 1/2. [anee,
P{AB) = P{ws) = 1/4. B 10 xe ppema P{A)P(B) = 1/4, m.e,
P{AB) = P(A)P(B). 310 3na4mT, yT0 cobpiTHn A B B He3aBHCHMEL
Ananoravno ycranasmaBaeTe, 4To coburus A u C, a raxxe cobpiTua B
u C HeaapucEmE. TaxuM obpazom, cobutua A, B,C asnaiorcda monapHoO
HesaBHCHMEMY. (OfHAKO 3TH coOBLITUA Me ABAAIOTCA HE3ABUCHMBIMH B
coBokynnocTH. HelicTBRTERBHO,

P(ABC) = P{wy) = 1/4,

HO

'P(A)P(B)P(C) = 1/8.

IIpumep 3.2. Ecau coburns A u B He3aBHCHMEI, TO HE3ABACHMEI
raxoKe cobbrrna A u B, Au B, A u B. Jina coburuit A u B nMeem

P(A) = P(AR) = P(A(B + B)) = P(AB + AB) = P(AB) + P(AB).

IMostomy P(AB) = P(4) — P(AB). Tak xak A u B ne3asHcHMH, TO
P(AB) = P(4) - P(A)P(B) = P(A)P(B),

T. €., coracHo onpeaenenmo 3.1, cobutus A u B neaasncumei. Hezarn-
CAMOCTD OCTANBHBIX COBLITHH AOKASHEAETCH AHAMOTHYNO. YTBEpPXKIAcHHe
CIOPaBEJIHEO ¥ AJid MPOR3BOABHEOTO KONHYECTBA HE3ABHCHMbLIX COOLITHI.

Ilpamep 3.3. Ecan mecopmecTnrie cobuitua A B B uMetoT HeRyNe-
Bhie BePOSTHOCTH, TO OHM 3apacEMul, HeficranTennuo, no yenopuw AB =
= @, Ecom 661 A u B Suiw HezaBucuMBpIMH, ToTZa 611010 611 BEpHO

P(A)P(B) = P(AB) = P(EJ =0,

HO Jlepad YacTh PABCHCTBA IO YCIOBHIO HYy/uO He pasna. CHegosarelbHo,
A u B zaBHCHMEL.
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3.2. @opmyna cnoxkenua pepoaTHOCTEIE.

TeopeMa 3.2. Bepoamnocms noseiesus 6 onsime Tomsa 6w odnozo

us cobwmuti A;,..., A, evpanceemea opmyaoii caodcerus eepo-
Rmuocmets

PlAi+...+ A =pr—pa+.. .+ (-1)""pa = 3 (-1) gy,

i=i

n n—1 n
20e pr=Y P(A), pa=)_ > P(Ai4;),..., pa=P(4;1-...-Ap).
i=1 i=1 j=i+i
Jauuas $hopmyna JOKasKBACTCH 0 MEAYKIHY Ha OCHOBe CBOMCTBa
6)P, u3 xoToporo creayeT GOpMyJIa CIOXKEHHS BEpOSTHOCTEN Ana n = 2.
Ilpr n =3 313 hopMyIa NPUHEMAET BAZ,

P(A], + Az + A-s) = P(Al) =+ P(Ag) + P(As) -
— P(A143) ~ P(Az4s) — P(A1 As) + P(A; Az Asg).

BEcmn cobnirun 4y,...,A, DONApHO HECOBMECTHEI, TO BEPOATHOCTH
NPOU3BEAcHUA moGoft KOMOMHAUHH M3 THX CODHTHE paBHAETCA HYIIO
1 GopMyna cnoxenns BeposiTHOCTEH IpEHAMaeT Buy (cM. cBoficTBO 8)P)

P(f; A.-) = )": P(4;).

§=1 f=1

Ecnn cobmtnas A; B bGeckomeunoft nocneposarensmocTH Ap, ...
cesyAgy ... mOHAPHC HECOBMECTHBI, TO BLIIOJIHSETCH CHENYIOIEe
PaBEHCTBO:

P(¥ 4) = 3 P(a.

i=1 i=1

ol
Ieficreureimsro, mycrs A 2 3 A;. Ilpencrasum cobwrie A B BHAe

=1

n oJ
ALY A+ B, wme B.& Y A
=1 i=n+l

n
Torpa P(4) = Y P(A;) + P(B,). Tax xak no nocrpoennio By D
i=1

(-3
DB5...0B,2... u [[ Ba = @, T0 no axcuome Ad moryuaem
n=1
P(B.) -+ 0 npu n = oo. OTKY/is M BRITeKAET TpebyeMoe PABEHCTBO,
KOTOPOE HASHEAETCA CEOUCIME0M CHemHoll addumusHOCY SEPOAMKROCING,
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MoXHO AOKa3aTh H 00paTHOe YTBEDAKJCKNE, TTO NPH BBHIOAHCHHN ITOIO
CBOfICTBS BBINOIHAIOTCA TAIGKE aKCHOMB A3, A4,

TpemnonoxmM, 410 cobuiTHA Ap,... , Ay COBMECTHBI N HE3aBHCHMHL.
Torna

n n _
P(3 4) =1- [[ P(A).
i=l1 i=1

Jeiicreurensuo, mycts n = 2. ITo crodicrsy 11)P umeem P(A+B) =1~
—P(A-B). Tax kax A n B HezaBucaMH, & 3HaunT A ¥ B HesaBucHMBI
takxe, 70 P(A 4 B) = 1 - P(A)P(B). O6mas dopmyna A0Ka3LBAETCS
MO METOAY MATEMaTHYeCKOH HHIYKIHM.

3.3. TopMmyna nonHoi BepOATHOCTH.
Teopema 33. Iyemv ¢ onwmom G cossann  eunomeswv

Hy,...,H,. Tozda eeposmuocms nosasenus nporussosviozo cobuwmua A
6 onvime G suwpasicaemce hopmyaoti noanoil eepoammocmis

P(4) = 3" P(H)P(A|H),

i=1

ede P(H;) — eepoamnocme zunomesw, P(A|H;) — ycaosras eepoam-
tiocmb cobwrnua A npu yesosuu, wmo cnpasedausa sunomesa H;, i=
=1,n.

HdokazaTeascrso. TeopeMa NOKAIBIBACTCA CAELYIOUHM 06Da3OM:

P(A) =P(AQ) = P(A(H1 + ... + Hp)) = P(AH, + ... + AH,) =
=P({AH;) + ...+ P(AH,) = P(H,)P(A|H;) + ... + P(H,)P(A|H,).

3ameuvanue 3.1. Popmyna nonmaoil BepOATHOCTA HO3BOJIAET BHIPa-
3HThH BEPOSTHOCTDL CIOMKHOTC COOLITHSL A 4epes BepOATHOCTH COCTABINA-
omux ero Gosee npocreix cobutuit AH;, i = 1,n. Hannaa ¢opmyaa
ACMONB3YETCA B ONBITAX, He CBOAAIMXCA K CXEME CILYYALs.

3.4. ®opmyna Baiieca.

Teopema 3.4. [Tyemv c onmwmom G coessanw zunomesvt
H,... ,H,. Ipednosooictm, 4mo npu npodedenit onwmae npousouLso
cobmue A, eepoamnocmv xomopozo bwaz P(A) > 0. ITyems do
ontima G Guau uIGeCTiiG AUL GRPUOPHDLIE SEPORMNOCTIY ZUNOMEd
P(H:), i=T,n, u coomeememeyoute usm yci0enue GEPOAMHOCTAY
P(A|H;), § = 1I,n, cobwmus A. B smom cayuae ycaoeHas
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{anocmepuopuas) sepoamuocms P(H;|A) zunomesw H; npu ycaceuu,
wmo cobumue A npousownro, evvucatemesn no Ppopamyae Batieca:

P(H:)P(A|H;) )
3= P(H:)P(A|Hy)

k=1

P(H;|A) =

HokazaTenscreo, dannaa cdopmyna BoTexkaeT u3 cpolicTB
ycaoeuoft BepoaTHocrs. [eficTeuTensuo, nmo ceoiicrsy 17)P umeem

P(H;)P(A|H;) = P(A)P(H;|4), orxyna cneayer, Tro

P(H)P(AIH)

Jasee ocraercs: samenurs P{A) dopumynolt mosnoi BeposTHOCTH.

3ameuanne 3.2. Qopmyna Balieca npegnasnadena IS BHIYHCIE-
HHS ANOCTEPHOPHEIX BEPOATHOCTEH I'ANOTE3 HOCAS HPOBENEHHA OUBITR C
yueToM nojydennol madopmanun (cobritHe A yiKe npousomIo).

3.5. ©®opmyna Bepsynmu. PaccMoTpaM nocneRoBaTeNbHOCTD U3 7t
He3aBHCHMBIX HCTIBITAHEN (ONBITOB) C ZBYMsA Hcxomamu (cobmTusnm) A
H A, KOTOpHE HA3bIBAIOTCA COOTBETCTBEHHO <ICREXOM> U ¢HEYCNETOMD,
npeuem P(4) = p € (0,1), P{A) = ¢ £ 1 - p. Moctpoernan cxema
HCTIMTAANN Ha3pBaeTca cremott Bepryasu, & caM OOBIT — ONBimMoM
Bepryanu.

Teocpema 3.5. Hyemv onum G npouseodumca no coveme Beprya-

au. Tozda eepoammnocme P,(m) cobumus A,(m), cocmonwezo 6 mom,
WMo npu N noemopenuar onwma G cobumue A npousotiderm poero m

pas, ewnucaremcs no popmyae Bepryanw:

Po(m) 2 P(An(m)) = CTp™ (L —p)* ™™

IIpoaeMoHCTpHPYeM cOpPapelIMBOCTE 3Toff opMyNBl O = 3 H
m = 1. B sTom cry4ae

Py(1) = P(45(1)) = C}p' (1 - p)* = 3p(1 - p)*.
ITpeacraeum coburre As(l) B BMAE CyMMBI HECOBMECTHLIX COOBITHI:
As(l) = AIZgE + 21A223 + X]IQA;;,

roe cobwmas A; B A; cocroar B TOM, Wro B i-M onmTe, i = 1,2,3,

aabmionaeTca HIH He HaGmionaerca <ycnexs. [osromy momywaem
Py(1) & P(43(1)) = P(A,A24s) + P(A; A2 As) + P(A; Az As).
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Tax xax cobrrrust A, Az, A3, a Taxoke Ay, Ay, Ay ResasacEMH, TO
Py(1) = P(4,)P(4;)P(A3) + P(41)P(A2)P(43) + P(41)P(42)P(4s).

Tlostomy Ps(1) = 3p(1 — p)? = Clp(1 — p)?. B obmem cxyuae GopMyia
Bepuynnu DOKasHIEaeTCA AHAIOIHYHO,

IIpumep 3.4. Morery nogfpacrpator 5 pas. Hattre BepoaTHoCcTB
TOIO, YTO «reph» BHINAZET POBHO TPH pasa. B aToM cnydae n=5, m =

=3, p=1/2, qél—p=1/2. Torza mo popmyne Bepuynmu
(1Y (1y=45
re=c(3) (3) = %

3.6. Tanosble 3agauH.

3agava 3.1. Hs xonogn kapt (52 KapTh) Hayraf BHHEMAETCH ONHA.
HAeasmioTcs: M 38BUCHMBIME COOBITHS

A = {372 KapTa — Ty3} B B = {5Ta KapTa HMeET OUKOBYK> MacTb} 7

Pemenue. Ilo onpenenennio onepauyn npou3BeeHua coObiTuit
AB = {sra xapra — Ty3 nHK}.
CnenpsaTennno, no Knaccuueckoll ¢popMyne Teopuu BeposTHOCTEl

13
52’ P(B)=5-

Tak Kax BHINOJEZETCH PaBeHCTBO
P(AB) = P(A)P(B),

10 cobpiTHs A 1 B HesaBACHMEL
Orper. CobutHa A H B HezaBHCHMEI,

3axaua 3.2. IIycrs P(C) = 1/2. CpasuuTs BepOATHOCTH
P(A + B|C) u P(A|C) + P(BIC).

Pemenue Ioasayack onpeenedveM ycaosRolt BeposTHOCTH ¥ (hop-
Mynoilt CAOXKeRHS BepOATHOCTE, Honyyaem

P((A+ B)C) _ P(AC+BC) _
P(C) PlC) T

_ P(40) +pgs£g; = P(ABO) _ p(4|c) + P(B|C) - P(4BIC).

P(A+ B|C) =
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Ho mockoasky sepostrocts P{AB{C) meorpruareasua, TO
P(A + B|C) < P(A|C) + P(B|C).

OrBer. P(A+ B|C) < P(A|C) + P(B|C).

Bazaua 3.3. [Ilycrs P({4) = 1/7, P(B) = 4/21. Bepuo s, 4To
P(A + B) £ 1/3. Orser obocuoBaTh.

Pemenne, Cornacho ¢opryne clIomKreHHS bePOITROCTEH HMeeMm

4

4_7_
21 " 21

P(4+ B) = P(4) + P(B) — P(AB) < P(4) + P(B)= % .

-3 =

OrseT Bepuo.

3agaga 3.4. llycre H;, H;,H; — paEnoBepoAaTHBIE HIIOTE3LI.
Iipouzomno cobmitue A = Hy + Hy. O6pasyior Jm CHCTEMY THIOTES
cobmrua Hy + Ho u Hy? Ecm pa, To Haliure Bx ANOCTEPHOPHBIE
BEPOSTHOCTH.

Pemenue. Heobxomumo nmposepuTh, BRITOAHSIOTCS B A COORTHI
H; + Hy u Hj ceolicTBa, KOTOPHM AOMDKHL! YIOBAETEOPATL FUNGTESHL.
IIposepims nonapHyio HECOBMECTHOCTE HTHX COOLITHIL:

(Hl + Hg)Hg = HHy+ H:Hs = &,

Tak Kak Hy,Hp, H: — renoresw, B I09TOMY OHM HECOBMECTHBI.
IIposepmm, 06pa3yIoT JIH 9TH CODBITHS INIHYIO IPYIIIY:

(Hl +Hg)+H3 =H\+H + H: =%

Takum obpasom, {H; + Hz) m Hy o6pa3yior DOHEY0 rpyNIy HeCcOBMECT-
HbIX cobmruft 1 P(H, + Ho) 2 P{H,) > 0, P(H3) > 0. CneaopaTennio,
9TH COGBLITAA ABNAKNTCS THNOTE3AMHE.

AnocTepHopHEIMU BEPOATHOCTAMM 3THX rTHnore: apumiores P(H,; +
+ H3|A) n P(H,|A). Haltzem 9TH ycAOBABIE BEPOATHOCTH.

P(H; + Ha|A) = %}Q _
_ P+ E)(H: + Hs)) _ _ P(H;)
P(H; + Hs) YA
AHANOTHYHO MONyIHM
P(Hs)

P({H3|A) = PUhL+ )
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B cuny pasnoeeposrtiocTs runores Hy, Hy, Hy

P(H:) = P(Hz) = P(Hs) = 3,

P(H, -+ Hs) = P(Hz) + P(Hs) = 2.
CregopaTensao,
1/3
P(H: + HzlA) = P(H|4) = 352 = 05

OTser. Cobmrus H, + Hy u H; ofpasylor cHCTeMy I'mnoTres,
ANOCTEPAOPHEIE BEDOATHOCTH 3THX rumore3 pasunt P({H; + Hp|A) =
= P(Hj3|A) =0,5.

3axaua 3.5. CucreMa cOCTOHT H3 JABYX WIEMEHTOE € HAAEKHOCTAMH
P1 ¥ P2 COOTBETCTBEHHO., DNEMEHTh! COeMHeHE NapDALICNbHO H BEIXOASIT
U3 CTPOA HE3IABUCUMO HpYT oT Apyra. Cucrema paboraer. Halitn BeposT-
HOCTB TOTO, ITO HEHCIPABEH NepBHil 3IEMEHT.

Pemenue. Paccmorpam creyomue cayuaiinee cobnirns:

A = {nepsolit anemenT paboTaeT HOPMAJILHO} ,

B = {pTopoil snemeHT PabOTAET HOPMANLHO} ,

C = {cucrema paboraet}.

Cornaceo ycaosuwo sagauu P(A) = py, P(B) = p;. Hcnonnsya
cBOKCTRO UPOTHBOMONOKAOTO ¢obbrrust 11)P n dopMyny yMmuoxeHus
peposTHOCTEH, NOIyuM BepOSTHOCTDL cobuitna €

P(C)=1~P(C)=1-P@A-B)=1-(1-p)(1 —p2).

Tpebyerca matirn P(A|C). Cornacio ompeenenmo ycIoBHO# Bepo-
SITHOCTH CIIy4qaBiHoOro coGBITHS

- _ PAC) _ (1—p1)pa
P(4|c) = PC) 1—(1—91;(1-10:)'
(1-p)p2

O et HexoMast BepoaTHOCTEL paBHa 1-(1-p)1-p2) °

3anaua 3.6. Hekro Hamen 4y»XKyi0 WIACTHKOBYIO Kaprouky Ganko-
MaTa. HaltTH BepOsiTHOCTB TOrD, YTO ABYX NONHITOK, MPEACCTABASEMBIX
0aHKOMATOM, XBATHT JAA TOTO, YTOOH OTTANATh HEHSBECTHBIN eMy YeThH-
PEX3HAUHBI KOOI,

Pemenue. Pacomorpum coberrne

A = {gByX NPeJOCTABACHHLIX HOMBTOK XBATHT, YTOOH YTaJaTh KOA}.
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3710 cobriTHe MoXeT GHITH IPEACTABREHO CISAYIOMAM 0Opa3OM:
A=A+ IlAg,

rae A; = {xon Bneprnie yrafax ¢ i-# momwrku}, i = 1,2. CobuiTusa A
# A; — HECOBMECTHH! I0 ONpENEIEHMIO IMPOTHEOMOMOXKHDBIX COOBITHIL,
TIOCKOJLKY COOTEETCTBYIOINES MHOXKECTBA HMArCIPHATHBIX 3MEMEHTAPHEIX
cobuiTHit He nepecekaroTcs. MHOXKECTBO alleMEATAPHBIX CoDLITHIL, Hnaro-
IPUATCTBYIOMEX coGntmo Ay Az, COCTORNT H3 SMEMEHTADHBIX COGHITHIL,
OAHOBPeMeHHO GIATONPHATCTEYIOINMX COOLITHAM A; u A,. CnepoBarens-
HO, 3TO MHOJKECTBO He NEPeCeKaeTCA ¢ MHOMKECTBOM 3NEMEHTAPHBIX COOBI-
Trii, Graronpuarcreyompx cobrrruo A; . Taxmm ofpasom, cobeiTa A;
n A A; HECOBMECTHHL.

Has naxoxmerna P(A) socnonpsyeMcs ¢opmynoit crnoxenns sepo-
STHOCTEH AJin HECOBMECTHBIX cobaITmit:

P(4) = P(4;) + P(4; A2).
BeposraocTs cofbiTHa A; HAXOZMM, MCTIOIL3YA CXEMY BHIOODA ¢ BOIBDa-
mendeM (cM. 3agaay 2.4):
1
P{A;) = I8

ITo popMyne yMHOXKEHHA BEpOATHOCTEH

P(A142) = P(A;)P(42]A1),
e P(A)=1-PA)=1- 7, P(4fd)= -

Yucao = 10 — 1 ecTh KOMM4eCTBO BCEBO3MOMKHEIX YETHPEX3HATHBIX
KONOB, 38 HCKJIOWEHHEM ONHOro, MPOBEPEHHOTO NPH IepBo#t IONLITKE.
Taxum o6paszoM,

1 1 1 2
P = +(1- @) w3 = o

Orser P(A)=2/10%

3agava 3.7. Cpesunii npomesET HeBO3BPAllleHAd B CPOK KpeAMTa,
BHIgaBaeMoro GaukoM, coctasmger 5%. HaliTu BepoATHOCTE TOrO, 9T0 NPK
ehigue GaakeM 100 KpeauToB npobGaeME ¢ BOSBPATOM JEHE BOSHHKHYT
HE MEHee, YeM B IBYX CIyJasdx.

P emerne. Bocnoneayemen cxemoft Bepryann. Ilox onsrrom monnna-
€TCA DoNydeHie KPeauTa, KoTopHil Oui Braan GaaxoM. B kaxnom onnrre
coberTHE

A = {xpeapT He BOSBpAINAETCH B CPOK}
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RPOHCXOMAT ¢ BeposTHOCTHIO p = 0,05 . Hasopem nacTymienne coburraa A
<yenexoms, YKa3AHHEI OukIT DpoBoAuTca 1 = 100 pa3 B OSHHX H TEX 2Ke
yenosHax. Tpebyercd onpenenTs BEPOATHOCTE COOBITHA

B = {kpeppnT He GyaeT BOSBPAIIEH B CPOK XOTA GBI B ABYX CIy4asx}.
B aroit 3anaqe
B = {kpenut He GyaeT BOIBPAINEH B CPOK MEHEe, 4eM B ABYX CIydadx).

Cobrithe B Moxer GHITh NPEACTABICHO B BHAE CAELYOmeH CyMMbi

cobrITHIl: _
__ fposHo B m cry4asx n2 100 xpegur =
rae  Aro(m) = He 6ymeT BO3IBpALIEH B CPOK }’ m=0, L

Cobbitua Ajyoo{0) # Aroo(l) HecoBMecTHbL Bocnompsyemca dopmy-
A0ft CHOXKeHRs BePOATHOCTEH

P(B) = P(4100(0)) + P(A100(1)),

rae sepoaTHOCTH coOBrTrit A300(0) M A100(1) BEUBCHsIOTCA MO dopMyTE
Bepayann

P({Aj0(m)) = C154(0,05)™(0,96)'°"™, m =0, 1. (3.1)
TaxuM 0Bpazom,
P(B) =C%,(0,05)°(0,95)' %4 C140(0,05)(0,95)°°=(0,95)2%°+ 5 - (0,95)%.
CnegopaTenpao,
P(B)=1-P(B) =1-(0,95)'% — 5. (0,95)% ~0,96.
Oreer. P(B)~0,96.

3axayva 3.8. B roprosyo ¢pHPMY IOCTYRHIUM TEREEH3OPH OT TPEX
¢upM nzrorosurenett 8 coornomenun 2:5:3. Tenmepuzopsl, mocTynawmupe
oT nepBoft $hupMu, TpeOylOT PEMOHTA B TeYEHHE TAPAHTHHEHOIO CPOKA
8 15% chtyuaep, oT propoit ¥ Tperbelt — coorsercreennc B 8% n 6%
crydaes, HaliTh BeposTHOCTS TOTO, 4TO NOCTYIMBIOHI B TOProByIo hupMy
TeeBH30D noTpedyeT PEMOHTa B TeYCHHE FAPAHTHIHOIC CPOKA.

Pemenne. B onoire, paccMATPHBAEMOM B 3aJ1a%ie, MOMKHO BEIOEANTE
aBa arana. Ha nepeoM sTamne ocymecrensercsa npogasa Toprosoft pupmott
TeAeBH3I0Pa, MSTOTOBJACHHOIG B ONHOH M3 Tpex GHPM, yNOMSHYTHIX B
ycnoBun 3agaqi. Bropoii sTan npescrasnaer coboll SKCIIYaTamHO TeMNe-
BH30PA, B Pe3yALTATE 9er0 OH JuGo JoMaeTcd B TeveHHe¢ FADAHTHHHOTO
cpoka, JHbo mer. '



40 CAYMARHHWE COBHITHSA LI 1

TlocTpouM cHCTEMY THNOTE3 KAK BO3MOMHLIX HCXOJOB IEPBOCO 3TAIA
OIBITA:

H; = {nponauntili Tenesusop 6nin npoussenen i-ff pupmoit}, i =1, 3.

OveprHo, TTO NOCTPOEHHAS CHCTeMa cobmTult ynosaersopser Tpebo-
BAaHUAM, PETLABISEMBIM K FHIOTE3aM, TAK KAK 3TH COOLITHSA SIBSAIOTCH
HECOBMECTHEIMH (TEAEBH30P He MOXKeT 6HTb HSrOTORJIEH ABYMA hUPMaMU
OfHOBPEMEHHO), X HUKAKHE APYTUe HCXOXH HEPBOTO ITAINA ONEITA HEBO3-
MOXKES! (TAX KaK B NPOAAXKY HOCTYIHMK TEJCEM30Pbl TONBKO YKAZAHHEIX
dbupm).

Onpegenpy cobeITHe, BEPOSTHOCTL KOTOpOro Tpebyerca HaftTa:

A = {npozaunrili Tenesu30p NOTPE6YET rADANTHHHOTO PEMOHTA}.

CornacHo YCIOBHK 3aJa9H TENeBU30pLi MOCTYNHIN B NMPCOAXKY OT Tpex
¢upm 8 nponopuuy 2:5:3. O6o3EAYUM Tepes T KWIHYECTEC TENEBE30POB,
NpUXCAAIMMXCA Ha& ONHY Jonw B ykasaHeoft mponopumu. Torza obmee
KOJIMMECTRC TEJN€BUR0POE, IOCTYIHBINUHX B POJAXKY:

2z + 5z + 3x = 10zx.

IIpr 3TOM KOMHMYECTBO TENEBMEOPOB, NOCTYNMHELIMX OT NEPBOH MPMEL
PaBHO 2T, CNCZOBATENLHO, COTMACHO KIACCHTECKOH pOpMyie BHIMHCACHIA

BEpOATHOCTEI:

2 1
P(H1)= T(]f; = 3.

AHMOFH‘IHO Ha.ﬂ,qem BEDOATHOCTH OCTANALHLIX THINTEI:
1 3
P(HZ) = § ’ P(H3) = Tﬁ .
Venoensie BepoaTHOCTH coORITHA A OTHOCHTENHHO KAXKAOH U3 IMOOTes
3aJAHH B YCIOBHH 3839
P(A|H,) =015 P(A|H:) =008, P(A|Hs) = 0,06.

Bocnonsaceasmmick dpopmynoit nomoft BEPOATEOCTH, NOAYIAEM

3
1 1 3
P(4) = Z;P(H;)P(Alff;) = £ 0,15+ 5 - 0,08+ = 0,06 = 0,088.
Orser. P(A4) =0,088.

3agagsa 3.9. Iocne ocMmorps 60NLAOIO BpAY CIATAET, YTO PABHOBOS-
MOKHO Onuo #H3 Apyx 3abomepanutt C wm D. fns yrouyneHus ZHarHO3S
GONLHOrC HANPABILAIOT HA SHANRS, HCXOH KOTODOIO ARLT MNIOKHUTEILHYIO
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peakuuio mpu sabonesamny C B 30 npouenTax cnyvaes, a npe 3abonesa-
Hu D - B 20 npouenTax cnytaes. AHANHS I8 IOIOIKHTENbLHYIO PEaKLIKIO.
Kakoe zafonesaHne crapoBHTea Gosiee BepoaTHbM?

Pemesne. B pammolt zaave ONLIT, TAK XK€, KAK H B NpeABIAyIei
safade, MoxeT Onire pasbur na mea srana. Ha neprom 3Tane Bpau
CTABMT ZUaTHO3. CHCTeMY THNOTE3 MOXKHO ChOPMYITHPOBATh CICAYIOIMM
obpazom:

H; = {nanpenr uMeer s3abonesanue C},
Hy = {nanpent umeer 3abonesanme D}.

Aag orpera HA WOCTARJNIEHHBIN B 3aJa4e BOUPOC HYXKHO HANTH amocTe-
PUOPHBIE BEpCATHOCTH THHOTE3. ANPHODHEIE BEPORTHOCTH IHTIOTES, CO-
TIacHO YCJIOBHIO 33/J1a4%H, PABHLI:

P(H,) =05, P(H,) =05
Paccrorprm cobniTHe
A = {aBanu3s Aa NONOKUTENLHYIO PEAKUMIO).
JIAS HaX0KAEHUA ANOCTEPHOPBLIX BepoaTHOCTeH runores, T.e. P(H1|A)
u P(H|A), Bocionbsyemcs dhopMyaoit Batieca. {ns roro wrofer ocnons-
aosaTpCA Gopmynot Bafieca, neobxomamMo naliTn yonorRble BePOSTHOCTH

cobbITHS A OTHOCHTENBHO Kaxaoli H3 rrnoTes. CornacHo ycaoBuio 3aja-
q¢ OHH PABHEI COOTBETCTBEHHO:

P(4|H,) = 0,3, P{A[H,) =0,2.
Bocnonsayemca dopmynct Batieca:

P(HOP(AIH) _ 015

P(H]_IA) = 2 = E =0,6,
2 P(H)P(A|H) ’

AN PR ALOLE O
3 P(H)P(A|H;) ’

i=1
Tax xkaxk P(H;|A) > P(Hz|A), 1o sabonesamme C crasopurcs Gonee

BEPOATHEIM.
O rper. Bonee peposrrio aabonesanne C.
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§ 4. 3agauu NI CAMOCTOATENBLHOTO PelIeHUS

1. IloBYEK OTHPABRICS B NyTEIMECTRHE HA BO3AYIIHOM mape. Yepes
kaoxgpte 10 MunyT noneta y IToHumMKa BOZHUKAET XKellaHHe NOAKPeHTLCH,
H OH HaYWHAET B CAYYailHOM NCpAfKe MPOCMATPHBATH CBOH KADMAHH IO
TexX Nop, NOKA He Hal#eT checTHoe. HaliTu BepOsTHOCTS TOrO, 970!

@) noucK k -ro NPSTHHKA HATHETCH ¢ MyCToro KapMana, ecinu y Horyaxa
17 KApPMAHOB, B KOTOPBIX H3HAYAJLHO JIEHKAN0 IO ONHOMY TMDAHHUKY;

6) Tlonwuk mepsble nBa pasa GyAeT NOKKPEIIAThCS MPAHAKAMY, ECIIH
B OBYX H3 MMEIOIHXCH ¥ HEro 17 KapMAHOR JIEXKHUT HO ORHOMY IIPAHMKY,
a B 15 — no onxolt koHgeTe;

¢) Ilonunk nepsrie gBa pa3a GyaeT NOAKPEIIATLCA NPAHUKAMHE, €CIK
¥ Hero 10 xapMmaHoOB, B ONHOM H2 KOTOPHIX — JBa IIPAHHKA, & B
OCTAABHEIX — II0 JBE KOHdeTHI.

2. Bragenen nuacTEKOBOH KapTouxd GaHkoMaTa 3abbli TIoCIeIHEE
tpu madpel koma B nalpan X Hayraa, Kaxkosa BepoaTHocTh Habopa
BEPHOTO HOMEPA, eC/TH HIBECTHO, WTO BCE 3TH TPX HUGPH! PASIHYHLIT

3. Hsz jecarn BapHanTOB KOHTPONGNOH paboThi, HANMCAHHBIX Ha
OTAENbHEIX KAPTOYKAX, HAyrad BLIOHDAIOT BOCEMB H PAa3NaloT BOCBMH
CTYHAEHTAM, CHISIOMM B ofiHOM paxy. Ha#iTe BepodTHOCTH CNEIYIOLMX
coOBrTHit:

A = {BapuaHTH 1 H 2 OCTAHYTCA HEMCNIONL3OBAHHEIME) ,

B = {papuanTii 1 K 2 JOCTaHYTCA PANOM CHSHUM CTYICHTAM}

C = {byayr pacnpefeneHnl NOCAEAOBATEALHEIE HOMEPA BapHAHTOR} .

4. Tonmas xomona Kapr (52 nucTa) HEeawica Hayrajd Ha JBe PaBHELIE
yacTd o 26 kapr. Hattmu peposiTHOCTE cnegyromux cobrrruii:

A = {B xaxaoM nauke no ABa Ty3a},

B = {Bce Tyan B ogHoit nauke},

C = {B onnoli mauke Gymer ommy TY3, a B APYTOl — TPH}.

5. B npeauonoxennn, 4T0 JeHE POKACHHS MoOOro 4ejnoBeka PaBHO-
BepoATeH B Jiobott JeHb rofa, HATH BepOATHOCTE TOTO, YTOC BCE JIOIAN B
KOMIIAHHHA H2 7 9€J0BCK POOWIMCE B Pasimdnble JHH. [loacyHTaTsh aTy
BEPORTHOCTE JId r = 23.

8. Ws mectu 6yxs paspesuolt a3byxm coctasneno ciropo AHAHAC,
Pebenok, He yMmewmpii 4YMTATh, pacchinat 3TH Oyken M 3aTeM cobpan
B Opou3BOALHOM mopsifike. Halkra BepoATHOCTE TOTO, 9TC ¥ HErO CHOBA
nonyuntea croeo AHAHAC?

7. KoMmanms 38HEMAETCH ODraHm3ammell OTOHIXA INa moburenedt
pribHo#t nopiu. Ha ozepe, roe Haxomares TypucTHIeckas Ha3a KOMOauaH,
obopynoeano ana pubHO# mosmm 30 mect. Habpama rpymna us §
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OTHLIXAIOIHX, KOTOPHM, HE3ABUCHMO APYr OT JAPYra, OPefOCTABAEHO
npapo BHGOpa MecTa pribmofl moene. B npeanomoxkemnm, wTo Bece MecTa
OJMHAKOBO OPWMBICKATENLHBI MJAA MIOGOTO OT/EIXAIOINETO, BHIYHCIHTB
BEPOSTHOCTE TOTD, YTO BCe OTALIXANIIME BLIGEDYT Pa3nHIKHE MeCTa.

8. Mz nudp 1, 2, 3 vayraz cocTanasercd INeCTHEHAYNoe uncno. Hairru
BEPOATHOCTD TOrO, YTO B 3ToM wHcTe uudpa 1 GyAeT BCTPesaThCH OTHHE
pa3, udpa 2 — xpa pasa, wrdpa 3 — Tpa pasa.

9. B ycrnopusx mpegpiayinell 3asadu HalTH BEpOSTHOCTh TOI'O, 9TO
TIONYYHTCA YeTHOE THCIO, COAEPIKamee Bcere oguy mudpy 2.

10. Paccmorpmm KapTOYHYIO HPDY, KOTZA Kodopa u3 32 xapr (Gea
MECTEPOK ) PA3AAECTCA TPEM RrpOKaM, NoxydaiomyM no 10 xkapr, a 2 KapThl
OTKASALIBAIOTCH B CTOpOHY. Kaxopa BepOATHOCTh TOCO, 9TC OTAWKEHHLIS
B CTOPOHY K2PTH OK2JKYTCH TY3aMH.

11. B rocrunmme AMeeTcA IMECTh OLHOMECTHEIX HoMepob. Ha »TH
HoMepa umeerca 10 nperesaentos: 6 MykauH E 4 Xenmpubl. DocTHHIIA
cnegyer npaewiny FIFQ: npmmemmme pasbine oGMy>XUBAIOTCH paHblIe.
Bee nperenzenTn! npeCHBAlOT B TOCTHHHIY B CHYYaiiHOM mOpaixe.
KaxoBa BepoATROCTE TOTO, YTO HOMEDPR IIOAYUAT!

@) BCe IMECThL NPETeHISHTOB MYMKCKOrO I0Ja;

§) 9eTBEpO MYXKIHH K JBE SKeHILMHE;

@) mo Kpaltreit Mepe OJHA U3 YETHIPEX MKEHIIMH.

12*. Hapadoxc de Mepe. TopOpackisaioT TPH MrpajbEBE KOCTH
¥ NOACYHTHBAIOT CYMMY BEIIABIIMX oukoB. e Mepe azamersn, wro
IOABNIEHHE ONEHARAUATH OYKOB BOIMOXKHCO IIPH MIECTH KOMGHH&I(HHX
(6-4-1, 6-3-2, 5-5-1, 5-4-2, 5-3-3, 4-4-3) u nosw/IeHHE (BENAJUATH OUMKGH
BOSMOKHO IpH mectd kombumampsx (6-5-1, 6-4-2, 6-3-3, 5-5-2, 5-4-3,
4-4-4). O6LACHATE NAPAJOKCATHHOCTE CHTYAIMH, KOTOPAS COCTOUT B TOM,
YT¢ BEPOATHOCTH MOABIEHUS B cymme 11 m 12 ouKkob He PABHHL.

13. BoceMHAIUATL KOMAHA, YIACTEYIOMMX B TYDHHDe, TIO XpeOMIO
pa3tHBaIOTCA Ha JBe NOATPYNNH N0 OEBATH ROMAHJ B kaskacl. Hafirm
BEPOATHOCTE TOrO, 4YTO

@) BCe IMeCThb AMAMPYIOUIHX KOMaHI OKAXKYTCS B OHON moArpyine;

6) mecTs AMIMPYIOMEX KOMAHZ, PacHpeReiaTcd [0 TPH B pa3Hhle
rpymikL.

14. [pu nposesenmmu ¢ypriera Ha CTOM NOCTABHIM NATH Gokamow
mamnanckoro, Tpu Ookama Genoro BHHa H gpa Gokama KpacHOTO BHHA-
K crony momomnm ceMb WeOBEK E Bamam mo oaMomy Ooxary. Ha#itu
BEPOATROCTD TOTO, YTC HAa CTOJNE OCTAJIOCH N0 OAHOMY BOKANy KaxkAoro
HamuTka, (Byaem DpeanosaraTs, YTO IS KAJKIOTO H3 FOCTel Bce HaNHTKY
OAMHAKORO NPHBACKATCABHN).
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15. Kaxapitt #3 50 mraTor npencrapien B cenate CIIIA nsyms
ceHaTopami. IIpeacrour BRIOPaTs: HexoTOpHIE koMmTeT H3 50 CeHATOPOS.
HaiiTi pepoSTHOCTE CIEZyIOIIEX cOOLITHIL:

@) mraT AfioRa Syser IPEACTABNCH B KOMUTETE;

§) Bce mTaTH GyayT NpencTaBieHb! B KOMHTETE.

(Bysem npemmonararth, 4TO BCe CEHATOPLl HMEIOT PABHEIC IIAHCH GHTH
H3ODAHHBIMY B 3TOT KOMHTET).

16*. B ropoze npoxuezer n + 1 4enosex. OfMH H3 HAX, Y3HAB
HOBOCTH, COODIIAET €€ APYrOMY, TOT — TPETHEMY H T.J., HDHYEM KaXKnIt
9eIOBEK NEPSJAET HOBOCTE HAYTA BHIOPDAHHOMY XKATENI0 TOpPOIA, 3a
HCKAYERAEM TOIV, OT KOro OH e yorsimast. Hafity peposTHOCTE TOTO,
YTO HoBOCTh OyAer nepemapa r pas 0e3 BOSBpAleHHA K YeNlOBEKY,
KOTOpHi#t Y3HAN €6 TEPBLIM.

17. Jns pexnaMel cBoell NpoAyKIUH DPORIBOAMTENE DEINHT CHAOIHTE
clienMaJIbHEIME KymoRaMi 10 000 mzpenmit M3 npomzseacHHBIX 500 000
uameseli. Toxymarens, oTocnasmmit B aJpec KOMIAHHN 3 KynoHa, MOJy-
yaeT 1 AOMONHMUTENLHEIN 3KIEMILIAP OPOAYKOHRM, 4 KymoHa — 2 Jomon-
HATEALHHIX 3K3eMINApa, Doee YeThIpeX KYNOHOB — 3 ACTONHHTENBLHEIX
sKzeMnaspa. [lokynarens OOHOBPeMEHAO OpHOBPEN OATHL PKIEMILIAPOB
NPOAYKHIHE KOMIAHAH H PEIIAJ] YYacTBOBATh B MPEAoKenHoH peKIaMEoi
axupu. HajiTH BepoATHOCTE TOrG, YTO OH NOMYMHT ACIONMHTENBLHO He
MeHee JBYX 3K3eMIUIAPOB MPOAYKIMHE.

18. Ilpe ¢opmuposamam rpyiuel ANd DPOBENEHMS CHEIHANLHOIO
COIIHONIOTHYECKOro ompoca reobxozuMo orobpaTts 10 yenosek, yAOBIETBO-
PAIOINMX onpefieneHHBIM TpebopaHusM. BeposTrocTh TOrO, Tro Hayramg
BHIOpPARHHBIN YeN0BEK YAOBNETBODAET STHM TpeGoBaHnaM, pasha 0,2, Haf-
TH BEPOATHOCTH TOTO, 9TO Npu oTOODE IPHIeTCH TeCTAPOBaTh poBuo 20
YENOBEK.

19. HrpascHad koore noAOGponIeHa ZBAXKIObl. SAaBHCHME! JH CIyvali-
Bbie cobbiTHa A = {uucno oukoB pH nmepeoM Bpocanuu pasHo 5} u B =
= {cymma ouxop npu apyx Gpocaunsax pasma 9} ? OrBer 060CEOBATS.

20. Mycrs P(A)=1/2, P(B) =1/3. Bepno sm, uro P(AB) £ 3/8?
Qreer ofO0CHOBATE.

21. Coburus A u B mesasucumb, P(4) = P{B) = 1/4. Hatitu
P(4 + B).

22. Baxancnsa, npeanaraemas GeapaboTHoMy Gupikelt Tpyaa, yaoBie-
TBOpAET ero ¢ BepoarHocTeo 0,01 . Croakko HyKEO 0bCay kAT Ge3pabor-

HHIX, ITOOEL BePORTHOCTE TOTO, YTO XOTsA OBl OAMH M3 HEX HaiimeT paboty,
6rua 6u He mnke 0,957

23. Us 25 sonmpocos, BKMOYEHHKX B MPOTPaMMY SK3IaMEHa, CTYASHT
noaroroeust 20. Ha sxaamene cryzent uayrag exbupaer § sotrpocos u3 25,
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Jng chayn 3K3aMeHa AOCTATOMHC OTBETHTH NPABHNBHC XOTA Om Ha 3
ponpoca, Haifta eepostTHOCTE TOr0, YTO CTYAEHT GOACT SK3aMEH.

24. Hexoropas CHCTEMa COCTOHT M3 INECTH 3MIEMEATOB, OTKA3HI
KOTOpbIX He3aBucHMH (puc. 4.1).
BepoaTHocTH Ge30TkasHoO#t pa-
GoTel (HAONEKHOCTH) SIEMEHTOB
PABHEI COOTBETCTBEHHO

P2 =ps =ps=ps = 1/2,
HaiiTi BepodaTHOCTE OTKa3a POB-

HO JIBYX SJIEMCHTOB B NAPANIEIBHOM COSIUHEHHA NPH YCAOBHH, YTO CH-
cTeMa paboTAeT HOPMAJILHO,

25. Oramen Hanzopa OTAENEHUS UEHTPaRLHOrO GaHKa KypPHPYeT Hes-
TeNbHOCTH PAga KoMMepueckux Gankor. [Ipu coade xpapranpholt orier-
HOCTH Cephe3Hble (PHEAHCOBHE HADYIIeHNA OOHADYIKHBAIOTCA B CPEIHEM
y 5% 6anxos. Ha nposepxy subpaio Tpu 6anka. Halite manGonee Beposat-
Hoe YRG0 GAHKOB C CEPLESHBIMYE HAPYIIEHHAMHA (PEHAHCOBOH OTHETHOCTH
cpeny BRIOpaHHBIX.

26. Bepostuocts poxpenus mansymxa passa 0,515. Ha cemeltnom
COBETE TOCTAHOBAJH, YTO JETH B ceMbe OyAyT poxaaTecs A0 NOABICHHS
BTOpOro Manbinka. Halitu pepogTHOCTE TOIO, I10 B ceMbe OylleT YerBepo
BeTel.

27. OTgen TeXHUIECKOTO KOHTPOAA NPeINpHsATud HPaKyeT KagAYIo
mapruio v3 100 netaneii, ecnn u3 5 jgeranelf, nayras BoIOpAHHLIX H3
DapTHH, XoTA Obl ofHa oxaxeTca Opaxobanmoii. [laprTus comepsxuT
5% 6paxa. Haltte peposTHocT: MJIs opnofi DapTHM JeTanell GBITEL
safpakopauncti. (Peiwrs 3anaqy AByMa cnocobamm: Aconbays GopMyny
YMHOKEHHA BEPOATHOCTEH M HCIONL3YA TOABKO KJIAcCHYecKylo dopmymy
BBIYHCICHHAS BEPOSTHOCTEH).

28. ITycts P(A) = 1/2. HaliaeTca nu rakoe cobbrrae B, 4Tobwi
P(AB) > 1/27 Orser o6ocHOBATS.

29. IIycrs P(A) = 1/2. MoxHo 1M HaiiTi Takoe coborrae B, wrobn
P(A|B) > P{A)? Oreer 060cHOBATS.

30. Hycre P{A) = P(B) = 1/2. Bepso im, wro P(A|B) > P(B|A)?
OTeer 0BOCHOBATE.

31. Ilycrh coburus A u B — HesaBucHMB B P(AB) =P(B)=1/4.
Haitre P(A + B).

32. . Iycrs P(A) = 1/2, P(B) = 2/3. Bepno s, wro P(4 + B) 2
2 1/67 Orser ofocaosars. '
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33. Ilycrs P(4) = P(B) = 1/4. Bepro nx, ywro P(A + B) 6ymer
foneime B ToM Ciysae, korna A W B HesaBcHMLL, Yem Korma A H B
necosmecTHBi? OTeer 060CHOBATE.

34. Ilycts P(A) = P(B) = 2/3. Yemy paera cymma P(A + B) +
+P(A+B)?

35. Cobmitnss A m B mecoBmectHsl, nprdem P{A) > 0. CosmecTHB
HnH HeCOBMecTHH cobuiTus A u B 7 Oteer 060CHOBATS.

36. Mouera nmogbpaceiBaeTca OO TepBoro Bhulagemus repba. Yemy
paBHo Haxbosee BEPOATHOE YHCHO NoaOpachIBaRKE?

37. W3 xonozm kapT (36 KApT) MOHPAS BHTACKHBAIOTCS ABE KADTHL
PaccMatpunatotes cobhitas: A ={neppas KapTa UMEET NUKOBYIO MaCTb},
B ={ofie kaprti kpacHOro npera}. 3agucuMul nu coburua A 1 B7 Orper
O0OCHOBATE.

38. B smpke mmMeerca gpe maptuy no 100 meranel, B Xaxkmoit m3
xotopsix no 10 6pakosarubix getaneit. Mz amuxa nseneveda ofna geTa€b.
PaccMmoTpum cneayiomme cowerms: A ={mapieuenHan jgerals — M3
nepsoii naptun}, B ={usBneucnnas netans — GpakoBaknasn }? 3aBHCHMEL
s cobprrest A m B ? Oreer ofocHoBaTh.

39. B samuxe nMmeworca gee mapteu no 100 perameit. B mepeoit
mapiay — 10 OpaxkoBaHHEIX AeTaneii, B0 BTOpoit — 20 GpaROBAHEEIX.
Ha amyxa x3pAeveHa ONEA ACTalk. JABECHMLL JH caywaltuele cobuITHS
A={n3Bne4erHana geranr — u3 nepeofl naptuu} ¥ B ={nsBaeyennasn
Aetant — Gpakosaunas}? OTBET 060CHOBATD.

40. Cxema snexTpHYeckolt menm npejcTaplena Ha puc. 4.2, rze pi,

i = 1, 3, ABNAETCA BEpOAT-

nocThIO GesoTRasHO# paboTh

{HamesXHOCTBIO) £-TO BIIEMEH-

—I P Ta. Ilycrs HaJeKHOCTH Bie-
MEHTOB CXeMbI PABHB

Puc. 4.2 1 =08, p2 =07, ps =0,.

Haitrn seposrrrocTh 6630TKa3HON PaGOTH {HAAEKHOCTE) CXEMEL.

41. Tpu HE32BUCEMEIX SKCOEPTA AeNaloT NPOTHC3 CTOMMOCTH AKIHHA
KOMAAKUH, (IIE0aACE IpY 9TOM C oiMHaKoBol BepoaTHOCTEIC p . HaliT p,
€CNIE BEPOATHOCTE TOTO, WTO XOTA OBl ONEMH M3 HEX OmmMbaeTCs, pPasHa
0,271.

42. B mxady maxomurcd 9 ONHOTHIHEX HOBHX OpuBopos. dua mpo-
BejeHRus onuiTa GepyT Hayran Tpu npEOOpA H moche PAGOTH BOSBPAIIAICT
ux B mKad>. Buemte HOBHe ¥ HCHONL30BAHHEIE MPHOODH He OTAHYMAIOTCSI.
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Hatitn BepoaTEOCTD TOrO, 9T0 IOCHE NPOBEAEENT TPEX OHBLITOR B IrKady
He OCTAHETCA HOBBIX IpHOODOB.

43. 3amaauM HAZe:KHOCTH paboTH SJIEMEHTOB IIEKTpHYecKoll memm:
p =08, p2 =0)71 Pa =06, ps =0,5, ps =04, p¢ =0,3.

¢) Halttu BafeXHOCTh CXeMBI, IPHBEAEHHOH Aa puc. 4.3;

6) Haiiti RajiesKROCTE CXeMbl, MPUBEAEHHON! Ha pEC. 4.4.

E H “
_".___, _- Pg H By I

Puc. 4.3 Pre. 44

44. BeposTHOCTH TPEBHICHTL MUYHEA PEKODH, ¢ OHEON NONBITKH
A8 JAHHOTO CIOpTcMeHa paBHa p. HallTR BepoaTHOCTE TOTO, YTO
Ha COPEBHOBAHMAX CHNOPTCMEH MPEBLICAT CBOH JMYHBIA PEKoph, ecid
Pa3pemaeTcs DENATh ABe NOULITKH.

45. B rpymne ygarca 10 cryaenTos. s permenus sagadm y SOCKHA
moforo U3 HAX MOTYT BBHISBaTh C DaBHONM BepOATHOCTHIO ONWH Pa3 B
Teuenme 3ansrrug. B rpynme Tpy oTAnuHMKa. Halrrd BepoATHOCTH TOTO,
4TC BTOPYIO 33034y K A0CKe MOHIeT peInaTh OTAUYHHK, IPH YCIOBHH, 4TO
NEPBYIO 3aady TOXKe PEllal OTINYHHK.

46%, Ilo maxumimM mepenucu Haceqenusa Anrauu  Yaanca (1891 r)
YCTAHOBJIEHO, YTO TEMHOMIA3HE OTHH H TEMHOrNasble CHHOBbA {co-
6ure AB) cocrasmm 5% 06CieAOBAHHBIX NApD, TEMHOINIA3BIE OTIH

# ceTNornasbie ChiHOBLA {cofmre AB) — 7,9% map, ceTnormasme
OTUBl M TEMHOWIa3He ChEoBba (cobmrue AB) — 8,9% map, ceer-
noryaskie OTHH M CBETAOTMA3bie ChiHOBbA (cobmrue AB) — 78,2%

nmap. HaliT ceasp Mexcay IBETOM TVIa3 OTH@ M CBbIHA, TO €CTh HalTH
P(B|4), P(B|A), P(B|4), P(B|4).

47. Opoe noouepeauo 6pocaloT MOKETY. BHArprIBaeT TOT, Y KOTOPOTO
panbiuie BonimageT <repbs. OupefeaTe BEPOATHOCTM EBHAIPHIIA A4S
KAOKJIOTG H3 HTDOKOB. '

48*,. Ilocne aK3aMeHA Ha CTONIE NPENONABATE/A OCTAAOCh N 3AYETOK
TEX CTYAEHTOB, KOTODbIe HE CHaJIM ?K3ameH. Kaxopa BEepoSTHOCTL TOTO,
wTO, Hayrafi 3abupas 3aveTKH, XoTA Ol OZMH CTYOEHT BO3LMET CBOIO
saqeTKy?

49*, 3adava Banaza. Jung npakypuasaunsa Bamax nonnsosaics gpyMa
KOpoOKaMHM cIoEvYeK, NOCTasad Hayral TY MIR MHYKR Xopobky Yepes
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HEKOTOpPOEe BpeMs oH oOHAPYKHA, 9To ogHa kopobea mycra. Haitra
BEPOSAITHOCTh TOIO, YTO BO BTOPORt KOpobKe oCTanoch Kk CIIHYEK, €ChH
H3HAYAIbLHO B Kaxaolt kopolke 6uio mo n comdex?

50. B xapmane mexxaT 5 MOHET JOCTOMHCTBOM B 50 KOM., 4 MOHETH HO
10 xon. ¥ 1 moreTa — 5 xon. Hayraxg Gepyt 3 monersi. Kakosa BepOATHOCTh
TOTO, YTC B CYMME OHH COCTABASIOT He Oonee ogHoro pybna?

51. OuUpMa PacCHIIAeT PEKAAMHBIE ITPOCIIEKTH BOCHMA IOTEHIMAND-
HHIM TapTHepaM. B pe3ynbTaTe Taxkol PacCBUIKM B CPefiHeM ¥ KAXKIOLO
IATOro NOTEHOHANILHOIO NapTHePA BO3HHKAeT HHTepec k (upme. Halitu
BEPOATHOCTL TOTG, YTO TO mpou3olaer: a) B Tpex cnydaax; §) ne Gonee
YEM B TpeX.

52. Jlunewsusa orbupaerca y M00oro TOProporo MPemOpHSTHA, KAK
TOILKO TOProBasi HHCIEKUMA B TpeTHil pa3 ofHApYXKHT cephe3HOoe Ha-
PymeEH#e mpaBun Toproear. Ha#iTH BepoSTHOCTL TOro, UTO JIHICH3NA
Oyaer orobpana pociae mATOE mpopepry. HzBecTHO, YTO BEpOATHOCTH
OOHADYKEHHA HADYIIeHUA IpM oAHOM mpobBepke papsaa 0,2 m He 3aBHCAT
OT Pe3YALTATOR NPEABIAYLIHX NPOBEPOK.

53. BepoaTHocTh pokOeHHA MaabuHKa paBHa (,515. Haltru Bepoar-
HOCTB TOTO, UTO B CeMbe, TIe YeTBepo JeTelt, He MeHee IBYX JeBO4YEK.

54. B Mukpopaiione ZeBATH MAIIMH TexHM4ecKkol cny:x6n1. na Gecne-
pebolinoft paboru HeofxomMEMO, YTOBL! HE MEHEIN® BOCKMHE Malluy GLUIE B
HCIPABHOM COCTOARKH, CYHTas BepOSTHOCTh HCOPABHOIO COCTOSHHA IS
BCEX MAINWH oAMHaKoeo# ¥ pasuo#t (.9, HaliThn BepoaTrocTs Gecnepeboii-
Holi paGoThl TexHHYeckoll cny:x0M B MEUKpopaitoHe.

55. B cpegnem KaxAMP AecHTHH AOTOBOP CTPAXOBON KOMIAHHH
3aBEPLIAETCA BHIIIATON MO CTPAaXOBOMY Ciydaio. KoMNaHHs 3aKJ0o4uia
oats aorosopoB. Haltrm seposTHOCTL TOro, 9T0 CTpaxoBoi caygait
HACTYIIUT: &) OAHH pa3; 6) xoTs 6kl omuH pas.

56. Ilopfpocunm ppe ArpancAbie X0cTH. Kakiue H3 IpefCcTABREHHBIX
HA2Ke Habopos cobhrTuit obpasyror cucTeMy THITOTE3?

1. Hy = {na 1-it KOCTH BHIAJIO OFHO OIKO},... ,
Hg = {Ba 1-& KoCTH BHITANO MIECTh OMKOB} .
2. Hy = {Ha oberx KoCTSX BHIAMO IO OAHOMY OYKY},... ,
Hg = {1a ofenx KoCTAX BHIIANO N0 WECTh OIKOB} .
3. H, = {na 1-if KOCTH BHNANO YETHOE YHCIO OIKOB} ,
H; = {ua 2-# KOCTH BRITAKO HEYETHOE YHCAO OMKOB} .
4. H| = {Ha 2-# KOCTN BHINAJNO YETHOE IHCIC OYKOB},
Hy = {sa 2-i KoCTH BHIANO HEYETHOE IACIO OIKOB) .

57. Hs 30 Gmpreros, BEUIOYEHHEIX B IPOTPAMMY SK3aMEHa, CTYASHT
anaer 5. Korma emy BHromaee GUaBaTh SK3aMeH NEPBHM HJN BTOPHIM
{c Toukn 3penus ypemMYeHH: BePOSTHOCTH CHAYM 9k3aMeHa)?
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58. Hpe xommanum X u Y nponssoAfaT OAHOTHNHYIO NMPOAYKIMIO
¥ KOHKYPHDYIOT Ha PhEKe cOmTa. [lepen kaxpoft M3 HAX CTOMT 3amava
sopudbrKranuy npouseonctsa. CymecTsyer f8a BOSMOKHLEX IYTH H3MeHe-
HEd TexAogorky: A u B. BeposttnocTs Toro, 9o
xommauua X eeibeper myte A, pasea 04. Inz Tabanua4.l

. KoMuaHuH Y 3Ta BeposTHOCTD pasHa 0,7. Kom- XY | A| B
HAHWM BbIGHPAIOT MYTH H3IMEHEHHS TeXHONOTHH 2 53 | 21
HE3ABMCHMO APYT oT apyra. B tabniue mpHBeme- - -
HEl OLCHCHEEIE SKCIIEPTAMM IDAHCH Ha nobeny B B 1:2 | 1:2
KOHKYpeHTHO# Bopebe nya xommaner X B cooT-
BETCTBUH ¢ BHIGOPOM KOMNauuAME nyTel uamenenus Texnponoruy. Halita
BEPOATHOCTE NobeaH koMmauud X B KOHKYpeHTHol Gopube.

59. HagmexunocTm GNOKOB CHCTEME!, IpeACTARNeHHol na peC. 4.5,
PABHH COOTBETCTBERHO

07, 5207, 1o = A ey T
n= 0:7: = 0$7$ Dz = 0161 1 m -
)

P; f— .

Pa= 0151 ps =0,5.
Pac. 4.5

Hatits BepostrHOCTH Ge30TkaznOl paborThl 38JaHHOM CXEME! COeAHHeHUA
6JI0KO0B.

60. ToxGpaceealoTena gpe ATpaibHble KooTH. ODPasyoT AN CHCTEMY
rHITOTEZ Cheayiomue cobuiTis: A ={Ha nepBoi# KocTit BbINANC OZHO OYKO},
B ={cymmMa 0uKoB ia ABYX KocTAX paBHa 9}7

61. Ilycth cobeita Hy,...,Hjp oOpasyioT cucTeMy paBHOBEPOST-
Heix runores. Hatirn P(H, + Hyg).

62. Moxxer nH anpPHOPHAA BEPOSTHOCTH THNOTERH OhiTe Gomeire
CooTBeTcTRYIOUIgH anoctepuopoit? OreeT 0GocHOBATE.

63*. Jipa mesapucumMuix mpeTensenta £ u L ma noct ryBepHaTopa

Kpasi 3asepmaloT npexseibopnyio xaMmanuio, Kaxkapill n3 HaX, He3aRH-
cuMo oT AeHcTsuit apyroro, MoOXKeT YCNeTh BLI-

CTYIHTb TONLKO B ONHOM M3 ropomes P u M. Tabnuna 4.2
SKCHEPTH-NOINTNIONH CUWTAIOT, YTO BLICTYILIC- INZ] P M
HHA OPETEHReHTOB 00A3aTeNEHO COCTOATCH, H OLe-

HHBAIOT BEPORTHOCTL TO0, ¥ro L npexmowrer P 3:1 | 2:1
ropog P, kax pasnyw 2/3. Bepoatnocrr BsiGopa M 1:1 ] 1:2
ropooe P ¥ M XpyraM npeTesfeHTOM ONMHa-
KOBH. B Tabn. 4.2 noka3aHo KaK, N0 MEHEHAHIO 3KCHEPTOB, PACTPE AN TCA
wancel L no otAomenHio X Z oNepxaTh nobefy ma BRGOpPAX B 3ABH-
CAMOCTR OT TOpoAs BeicTyIneRnd. HaliTh BepoATHOCTE TOrO, uTO mobeny
ogepxur L.

€64. B amuxe nexxXMT 20 TeHEACHEIX MAYel, B ToM 'mche 12 roBbix 1 8
ErpaHHEIX. M3 ampka H3piaexa1oT HayTa gBa Maes ais #rpel [locre urpw
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MA4H Bo3BpamawT obpatno B smuk. [locie 3TOro #3 AIMMKA BEIEHMAIOT
elte nBa MAYa I cheiyiomed urpel. O6a Ma9a 0Ka3aIHCh HERTPAHHEIMH.
Ha#iTi BepOsTHOCTS TOTO, ITC NEPBHH Pa3 TOXKE HIPAIH HOBBIME MATAMH.

65. 3a HcTekmmit mepEOL B TOPTOBYI0 (PHPMY NMOCTYNAJIH TeACBH30-
pH oT Tpex GUPM-NOCTABIMKOE B creayiomed mponopumn: 1:3:6. Kax-
Jast ¢upMa AgeT Ha CBOR TEJEEH30DH IApPAHTHIO, HOeHTHDHOMPYA BEX
o cepuiHOMY HOMEpY W JaTe MocTaskk. Tenerusopnl neprol GapMbI-
TOCTABIUAKA TPeOyOT PEMOHT2 B Te4i€HHE TApaRTHHHOTO CPOKA B 15%
cay4aes, BTOpOil 1 TpeTheit — coorsercreenno B 10% u 7% cnyyaes. Ilpo-
HaHHEBI TesqeBR30P TpeGyeT TapaHTHHHOTO PEeMOHTA, OJHAKC ITOTEDAHBI
AOKYMEHTH, AAeaTARMHIAPYImEe hupMy-nocTapiuka. B kakyio dpupmy
HMEeT CMBICH OBPATATECA B IEPBYIO OvUepes?

66. Moxer su B dopmyne moaHolt BepoaTHOCTE ObITh DecKoHewHOE
YRG0 THOOTES, & CAENOBATENbHO, ¥ DECKORSTHOE YHCIO CaracMhX?

67. MoXHO JIi A/ HAXOMKASHAS BEPOSTHOCTH COOBITHSA, CBA3AHHOFO
C OTIHITOM, CBOAAIMMCH K CXEME CIIy1aeB, HCIONAL30BAT hopMyry nonmoH
sepostTHocTH? OTBer 0BOCHOBATE.

68. MoxkeT am cyMMma BCEeX ANPHOPHBIX BEPONTHOCTEH IrUnoTes
OKa3aThCH OWILOIe CYMMBI BCEX ANOCTEPHOPHBIX BEPOATHOCTEN ITHX
runoTes? OTBeT 06OCHOBATE.

69. Moryr A anmoCcTepHOpPHHIE BEPOATHOCTH BCeX THIIOTE3, KpoMe
OFHON, OKA3ATHCA HYNEBHIMH, €CJIH APHOPHBIE BEPOATHOCTH ITHX THIIOTES
oauHaKoBe? OTBeT 060CHOBATD.

70. Hycte cobprrua Hi, Hy, H3 o0pa3yor cucreMy paBHOBEPOATHLIX
runotes. Ilponsouno coberrue Hi . BRIMHCANTL amocTeproplkie BEpOdT-
HOCTH BCEX THIIOTES.

71. Bwmmmectn u3 ¢opMmynnl moiHOfl BEPOATHOCTH KHACCHYECKYIO
GdopMyay BHMHCICHHS BEPOSTHOCTH.

72. 3aBOH, H3rOTABNMBAET M3ACAHA, KAXKAOE A3 KOTOPDEIX ¢ BEPOAT-
HOCTEI0 p HMeeT AedexT B uexe magenms oCMarpHBAIOTCA C PABHAIMU
BEPOATHOCTAME ONHHM H3 JIBYX KoHTponepos. Ilepseri obxapy:upaer
uMeronecs DedeKTH ¢ BePOATHOCTLIO Py, & BTOPO# — C BEPOATHOCTHIO
p2. UzsectHo, 910 ogno Wz mspenud 3a0pakosano. Halitn pepoaTHOCTB
TOro, MTO OHO 320paKOBaHO: a) MEPBEM KOHTPONEPOM; §) BTOPHIM KOH-
TPONEpOM.

73. Jlnst noAroTOBKH K SK3aMEHY CTYHEHTY NpefioxkeHo 20 Bonpocos,
Buner cogepxuT apa Bonmpoca. Komiuterropahue OHMAETOB BOmpoOCamm
OCYIECTBARETCA CayqaiapM obpa3zoM. CTYAeHT HOATOTOBRA 15 Bonpocos.
HajTy BepoSTHOCTE TOLO, YTO OH GAACT 9K3AMEH, eC/IH st 9TOro
HOCTATOYHO OTBETWTH MPABMILHO HA OBA BONPOCa CBOEro Ouiera maM Ha
C/IMH BONPOC CBOEro 6MreTa H OOHE BOOPOC RO BHIGOPY NMpenofaBaTess.
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74. Ha npeanpusatrur pabotator 10 paGouux mecroro paspaza, 15
pabounx nsTore paspaaa i § pabouax gerBepToro pazpasa. BeposrHOCTE
TOro, YT0 U34eNe, K3TOTORIEHHOE PAOOYHM COOTEETCTRYIOLIErO Pa3pHAs,
6ymer omoGpeno OTK pasna coorpercreenuo 0,95, 0.9 m 0,8. Haiite
BepPOSTHOCTE TOTO, YT n3genue, nposepentoe OTK, 6yner onobpeno, npu
YCIOBHH, YTO IPOM3EOAUTENLEOCTE BCeX PadOYHX OnHAAKOBa.

75. Ipencrapuremn spyx bpakmutt Cocymapcreemson Hymet (R
u L) mperenayioT Ha nocT NpeiceAATENS BHOBL COZJABACMOT0 KOMRTETA.
CornacHo yTBEPIKACHHOMY PEraMeHTY, BLIGOpLI
JOMXKHK HPOBOAUTHCH AJNbTEPHATUBHLIM TOJNOCO- Ta6auga 4.3
BaHHeM TO IBYM Kauzmaarypam (Mo ozmofi or 7

\L | L, | L,

Kaxxmolt dpakupu). ¥ kaxnok dbpakiun ecTs mo
OBe KAHAMOATYPHl, COMANAmMie PABHLIMH IIAH- Ry 1:3 | 3:2
caMu OBLITE BHIABMEYTHIMH B KAMECTBE NpPETeH- Rz 211 1:2
JeHTa Ha FTOT MOCT. DKCHEepTHt OLEHHIM HIAHCH
dpakiuu £ 1o oTHowenHo K L MOAYYHTE DOCT OpeAcelaTens KOMUTETA
B 3aBHCHMOCTH OT NDCAJTOMGEHHBIX KaHamaaryp L;, R;, ¢ =1, 2 {cm.
Tabi. 4.3)., HaiiTr Bepoarzocts Toro, uro nobexy onepxur ¢paxuns L .

76. Ha cxman nOCTYNHAA OZHOTHUIHAA NMPOAYKHHA ¢ Tpex habpHK.
Ob6BeMbl TOCTABOK OTHOCATCH COOTBETCTBeHHO kKak 2:5:3. HapecTHO, 9TO
HECTAHRADTHEIX M3Jenuil cpefd NpoIyKUuumn mepsodt ¢habpuxn — 3%,
propoit — 2%, rpernefi — 1%. HafiTH BepoATHOCTH caeAyioEX cobbl-
THl: 6) B3ATOE HAYraf cO CKIAJA HIJeNHe OKAXKETCA HECTAHIAPTHBIM;
6) B3gTOE Hayram cO CKIaja W3fieNAe TPOU3RCAeHO mepBoit (habpuKoH,
€CIM H3IBCCTHO, YTO OHO OKAZANOCH HECTAILOAPTHRIM.

T7. Hmeerca a1k, B KOTOpOM JiexKaT 20 KopobGok no 10 xapas saieit.
Ilpy BCKpBITHM AUWKS 4 KOpoOKu YpoHWIN, B rpud)eliE KapaHaanelt B HIX
crnomanucs. Oauako Bee 20 kopoGok GBIAN CAAHLI HA CKJIAJ, OTKYAA 3aTEM
B3ANH 2 KOpPOOKH M pa3saaiy Kapagnawn yvyenuxkam. Haitte pepoarHocTs
TOr0, ITQ AOCTABUIMACS Y9YeHHKY KAPaHIAIN MMEET CIOMAHBH rpradens.

78. [pe MAIDHHHCTKH NEYaTadH PYKOIHCH, TOCMEHHO 3aMeHAA APYr
Apyra. Hepeasa  xoHeuHOM WTOTE HanteuaTaaa 1/3 eceit pyxonuch, a BTo-
pad — ocranbHoe. [leppas MaIMHHHCTKA JenaeT omMAOKH ¢ BEPOATHOCTBIO
0,15, a propaa — ¢ eepoaruocTeio 0,1. IIpy mposepke Ha 13-it cTrpamHIe
obuapyrxena owmbra. Halitu BepodaTHOCTE TOrO, uTO OWMOAACH OEpPBas
MAUIHHUCTKA.

79. Tlaccammp momer o6paTHTLCA 3a HMOMydeHueM Omnera B OOHY
U3 Tpex Kacc. BepoaTHocTH OOpAllEHUs B KAMIYH) KACCY 3ABHCAT OT HX
MECTOTIONIOKEHAS. W PaBAbl COOTBETCTBERHO Py = 1/3, po = 1/6, ps =
= 1/2. BepoaTHOCTE TOrO, YTO K MOMEHTY NPHXOAS MACCANKHDA GHiteTs,
MMEBINHECH B Kacce, OyOyT pacnpomaHbl, O NepBoit Kaccul paBHa P =
= 3/4, ana propolk kaccw — P, = 1/2, nns Tperwelt xaccw — Py =
= 2/3. HaccaXup HaNPaBUJICA B OAHY M3 Kacc # npuobpen Suwrer. Haliru
BEPOATHOCTE TOTPO, 4TO 3TO OBUIA NMEpPBad KACCA.
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80. Ha skaamen npumum 10 cryzerToB. Tpoe K3 EAX MOArOTOBIEHE
OTIH4YHQ, YeTBEPC — XODOIIC, ABOE — YNOBICTBOPHTENLHO, ONWH —
naoxe, B sg3aMeranmoRRnx Gmmerax umeercs 20 Bompocos. OTimumo
MOArOTOBACHHUEA CTYACHT MOXKET OTBETHTER Ha Bee 20 BONPOCOE, XOpOmO
moaroToRAeHnsit — na 16, yooepmereopuTensHo — Ha 10, minoxo — Ha 5.
Cryzenr, coppmnft sK3aMeH, OTBETHJI HA BCe TPH 38J8HHEIX BOIPOCA.
HaiiTi BepOATHOCTE TOTO, YTO 3TOT CTY/CHT MOATOTOBIECH: &) OTHIHYHO;
&) mwroxo.

81. Cpemu naumenros Tybepkynesnoro gacnancepa 15% npreanne-
JKAT K nepBolt xareropun Gombupix, 66% — ko propoi m 19% — Kk Tpersel.
BepoATHOCTH BOSHHKHOBEHHAS 3a0ONEBAHASA, B 33BHCAMOCTH OT KATETOPHA
GonbHEX, paBHb! cooTBeTcraenno 0,12, 0,08, 0,2. Haitra:

G) BEPOATHOCTL BO3HHKHOBCHHS 3a00NeBaHHs y Hayrag BHOpamHoro
NManMeHTa TUCHAHCEDa;

6) BepOATHOCT, NPUHANIEIKHOCTH K TPeTheH KAaTeropnH GOIbEBIX
ManHeHTa JMCIAHCepa, ¥ KoToporo ofHapyskeno 3abonepause.

82. pa HezasucEMbIX npeTeHpmenta Z H L Ha nocr ryGepraropa

Kpas 3aBeplIaloT npeperbopiyo xomnanno, Kaxpii w3 HEX, Hesasn-

CHMO OT JeHCTBHI JPyTOoro, MoXKeT YCIeTh BRICTY-

Taénuna4d pury ToabKO B OgHOM W3 ropogos P wmu M.

INZ | P | M OKCNepTH-NONHTONOrH CYHTAIOT, YTO BHICTYILIE-

5 134 HUst HPETEHAEATOR 0DA3ATENBLHO COCTOATCH, H Ole-

- = HHBaiOT BEpOATHOCTL TOro, uTo L mpemmovrer

M L1] 18] ropom P kak 2/3. Beposrmocrn Bri6opa ropo-

Jos P u M apyruM mpeTeHIeHTOM OOWHAKOBBI.

B ra6a. 4.4 HoKA3aHO, K&K, 10 MESHHIO 3KCIEPTOB, PACIPENEAIOTCH aH-

csl L no orEOmIeHNo K Z omepskarh nobely Ha BoIOOpaX B 3aBHCHMOCTH

oT ropona BucTyUtesud. HafiTh BepoaTHOCTb TOrO, ¥TO 008 DpeTeHAenTa
BLICTYNUMK B ropofge P, ecan M3BecTHO, uT0o nobeny omepxkan Z.

83. B ypue naxomarca 4 Gennix u 6 gwepHnx mapos. W3 umee Tpu
pa3a HAYrag BHIHEMAIOT 110 OfIHOMY Inapy. Tpebyerca HallTH BepOATHOCTL
TOrO, YTO BCE TPH BHIHYTHX LIapa oxaxkyTcs Semivu (cobmree A ), npu
BHRIIOJHEHHE ABYX PA3HbIX YCJIOBHD:

¢) UIBJEYEHHbIE H3 YPHEI MIAph! 0BPATHO HE BO3BPAIAIOTCS

f) oCNe KayKAOro M3RACYERHs MAp BO3BpalnaeTcs obpaTuo,

84. Tps pagMOCTAHUMH, HE3aBMCHMO JDYI' OT JPYTa, NepemaioT
CAMOJIETY OMH M TOT 2Ke CHrHAN, BepoSTHOCTH TOro, YTC CAMOIETOM
6yIyT NPHHATH STH CHCHAJBI, COOTBETCTBeHHO pasmel 0,9, 0,8, 0,75.
HaliTe BepOsSTHOCTS TOTO, YTO CAMMIET TPHEMET HOCKLIAEME €My CHTHAJL

85. Ilycre mMeeTcs nsSTh YpH. B ABYX M3 HWX JIEXKHT OO OTHOMY
GestoMy U TpeM WepHRIM INapPAM, & B TPEX ypHaX — Iio nBa Genwix ¥ IBa
yepHEx mapa. Hayran spifrpaerca HeKOTODPAS YDHA M M3 Hee BEIHUMALTCA
map. HailTy pepoaTHOCTS TOTO, YTO Imap okaxercs Geanod.
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CAVIANHBIE BENVYNHBI

§ 5. OcHOBHEIE IIORATHA

5.1. @yakoua pacnpegeneHud. [IycTe Ha npoCTPAHCTRE deMeB-
TApHHIX coOHTRE £} onpenenena o -aarebpa F.

Onpegeneunne 5.1. Cayvetdnot geauvuroli (CB) X(w) nasbiza-
ercs (pyHKIEA WieMeHTapHOro cobpiTHa w ¢ obuacTeic onpegenenna §)
u obnacyoto snatenntt R' Takas, wro cobrrrue {w : X(w) € ¢} npuran-
nexuT o-anrebpe F npu mobom AeftcrsereasioM z € R!. Bnauenna z
$ynkupn X (w) rasbiBarores peasusayuamu CB X{w).

Cnywaliusie Beimrauan Gymem obo3mayarh npomucHiivMi (Gosmmmmm)
natunckuMu Gyksamn X, Y, Z, a ux BO3MOXKHHE 3HAUeHHS (pearu3a-
O¥A)} — COOTBETCTBYIOMIMMA CTPOUHERIMH (MamniMu) Eykpamu x, y, 2.

Onpepencunme 5.2. 3Jaxonom pacnpedescrusn CB masssaercs smo-
6oe npaio (Tabnnna, HyHKUHU), NOSBONSIONIEE HAXOOUTL BEPOSTHOCTH
BCEX BOSMOXKHAIX cOOpTHE, caazanusix ¢ CB.

Paccmorpum Bepostroets P{w : X(w) € 2} ans pasmuunex z € RY.

Onpeaenerue 5.3. Qynxups
Fx{z) & P{w: X(w) < z},

onpesencaHaa ana reex = € R, nasnmaercs Pynnyuet pacnpedetenus
CB X({w).

Jamnas BepostHocTs Fx(z) ompenenesa, NOCKONBKY PacCMaTpHBa-
eMble cobniTusl npmrajiexar xnaccy F (cM. ounpezenenme 1.13). Ja-
Jiee Jis NPOCTOThI 3anwcH MEL OyZem ofosnagate X 2 X(w), {X €
< 2} & {w: X(w) < 2}, F(z) & Fx(z) £ P{X < x}.

Samevanne 5.1 QOyuxuusa pachnpefefNcHHA SBAACTCA OOHOH M3
tbopm 3akoHa pacopemenenust fa CB Bcex THnoB M OOHOSHAYHO OLpene-

aser CB. Janee emecTo pazul «CB, aMelomas GyAKUAIO pacpeeneHus
F(zx)» 6yneM rosoputs mis xparkocta: «CB ¢ pacnpedenetruesm F(z) ».
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CrotticTteBa F(z)

1) F(z) onpenenena sns ncex = € R no onpegenenmo 5.3.
2) 0 F(z) €1 maa scex € R!. Tak xax F(&) — BeposTROCTD,
To FaRHOE CBOBCTRO clefyeT A3 cBolicTea 5)P H axcuombl Al,
3) F(~o0) =0, F(oo} = 1. IIyers B, 2 (X< -n}, n=12,...
o0

Ouepnano, uro {X € —oo} = [ B, = &. Tosromy no akcuome A4:

=1
F(—c0) = lim P(B,)=0. Ilycrs Teneps A, 2{X<n) n B, 20\4,,
roe n=1,2,.., Toraa B, yaosnereopser axcuome Ad, U MOITOMY IO

axcuome A3 nomydaem F(+oo) = Jim P(4,)=1- [Jim, P(B,)=1.
4) F(z2) ~ F(z1) = P{x; < X € 22}, ecsm z3 > ;. [Tockoapky

(X€m}={Xgsaljt{nn< X<l o {X<an <X <x}=9,

10 no akcuoMe A3: F(z3) = P{X € 22} = F(z1) + P{z) < X € z4}.
Oxcioga n cneayer yrsepxnenne. Eciu F(r) menpepsisua, To

F(Iz) - F(.’Bl) =’P{E1 é X S .’,Cz}.

5) Fzg) 2 F(x,) ana @z > 1, T.e. F(x) ne ybuisaer. 3710 cienyer
u3 ceoficrea 4)F(z): F(zy) = F(z1) + P{zy < X € =2} 2 F(z1), Tk
xak P{z1 < X £ z2} 2 0 no akcuome Al.

6) Flz)= 11_1’13 F(x+e) npu £ >0, T e. F{z) — HenpeprIBHAA CIPaBa

dbyuKuya. 3To cBOHCTBO MOXHO JOKAZATH, OCHOBLIBAACH Ha akcuoMe A4,

5.2. JIncKkpeTHble caydaliHbie BeHYIAHLL

Onpenenenne 5.4, CB nassisaercs ducxpemunoil, eCim MHOXKECTEO
ee BO3MOMKHBIX 3HaUYeHHH CUEeTHO.

IIpumep 5.1. Ilycrs onsrr G COCTOMT B TOOOPacHIBaHHH ABYX
MOHET, & WIEMEHTAPHLIM CODHITHEM (v SHIACTCH NONOXKEHHe YUABIINX
morer. Toraa wucno smmasmmx «repboB» ects CB X{(w) ¢ xoHeumnM
YMCHOM BO3MOXKHbIX 3Havenuft {0,1,2}, T.e. sBmAeTca mucKpeTHOM
cnyqalinol penMIaEGH.

Onpegenernne 5.5 IIpocretimed ¢opmoft 3akoHa pacupeaereHus
puckpeTHoli CB amnaerca pad pacnpedene-

Tab 5.1 —
aommne HUA Dk 2 P{X = =z}, k = 0,n, xoropu#t
Xzl ... | za 35JaeTCH AHANNTHYECKH Min Tabmiuelt (oM.
Plp!l ...|p.| Tmabm 5.1). 3mece B mepxmeit crpoke pac-

IMOTIOMCEHB! II0 BO3PACTARHIQ} BCEe BO3MOUKHLIC
PAHYHEIE 3HAYEHHSA Xg,... ,Zn AECKperHo#t CB X, a B HmkHed —
COOTBETCTRYIOINHNE HM BEPOATHOCTHA Poy ... ,Pn -
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Hmeer MecTo papeHCTBO P + ... + Py = 1, Tax xak cobpras {X =
= zg},...,{X = &} BecoBMecTHNR B 06pa3ylOT HOMHYIO Tpymmy. STO
DABEHCTEO HASBIBAIOT YCAGEUEM HOPMUPOSKL.

I'pacduveckoe m3obparxcense psiga pacIpefelNeHUS HABLIBAIOT MHOZO-
yzoavnuxom pacnpedeserux (M. puc. 5.1).

3ameuanue 5.2. Pacupenencuue peposTHOCTEH AHATOTHWYHO NOHA-
THIO <«DacnpefelieHHe eAWHMMHON Macchl BAGNL GECKOHEYHOro CTEPKHS
Oz », HCOOIB3YEMOMY B MEXAHU-
Ke (3THM, B “ACTHOCTH, MOMKHO Ap
0OLACHUTL HCHOAL30BAHKE B TEO-
PHH BepOATHOCTEH TEPMUHA «pac- ‘
npefenenues). Jina AUCKpeTHOro \
pacrpefeNeHUs BO3MOXKHa Cledy- Pa p,; P e P p,E
IOmMaA MeXaHKdecKkas WHTEpPIpeTa- i I i
umsi: Ha ocH Oz paciupejeseHa :
eHUTHAS MACCa TaK, 7O MaCcCH
Poy--- sPn COCDENOTOUGHH B OT- Pre. 5.1
JEABLHBIX TOYKAX X0, ... , &Ly COOT-
BETCTBEHHO.

OnpenencHuure 5.6. Edunuusold cmynenuamotl dymxyued HIH
pyrxuuedt Xeaucadde Hassmaercs Gyrkuna suaa (puc. 5.2).

X X X LI

al 0 z < 0,
‘(“’)‘{ 1, a>0

A ¥x) 4 Fx)

*y

<4

Puc. 5.2 ' Puc. 5.3

Hns mackpernott CB, ucnonbsya panx pacnpepenennst u I(x), Moxno
MOCTPORTE (PYHKLKK PACIpEIesIeHHA:

F(z) = pol(z —x0) + ... + pal(z — 2a).

Oyukuus pacnpefenerus guckpersoli CB  sasaserca cTyneHuatolt
{(pmc. §.3), mputeM B TOUKaX pasphiBa F(r) BeJMUMHLI CKAYKGB PABHBI

éegogf'ruocmm POs«-- ;Pn  COOTBETCTEYIOIOWX peamMsanuit xg,... ,Zn
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5.3. HenpeprisHbe cinydalinbie Be/IMannnl.

Onpegpenenne 5.7. CB X ¢ HenpepmsHoit dynAxmrei pacipene-
neans Fy(z) nazusaerca nenpepmenod.

Onpepmencuue 5.8, Haomnocmvw pecnpedesenus (naomuocmuwo
gepoamnocmy) CB X nasnBaercd HEOTDPHIATENLHAA KYCOUHO HEmPEPbiB-

uas dbynxupus fx(z), s xoropo#t npn mobom ¢ € R! semonngerca

COOTHOLIEHHAES
T

Fx(z) = j Fx(t)de.

Ana npocrorm  ganbBefimiux  ofosmawenmit  ByneM  nucaTs
f(2) & fx(a).

Onpegenernue 5.9. CB, y xoropoit cymecrsyer MICTHOCTL BEDO-
ATHOCTH, HA3BIBAETCA @DCOAIOMHO HENPEPHEHOTl.

Mz onpeaenemna 5.8, mcnonesya npaBrAc gudrpepeHUMpPOBAHHSA KH-
TErpaia ¢ mePeMeHALIM BEPXHHM IMPEIedoM, NOAYIaeM, YUTO B TOTKAX
HENPEPLIBHOCTH TNoTHOCTH f{z) npoussomuasn ¢hyHKIEE pacpeieseHns
COBMAJAET C MIOTHOCTHIO, T. . F'(x) = f(x).

Kpome abcomoTro nenpepususx CB cymectsyor uenpeprensie CB,
HASHBAGMEIE CUNZYAAPHLMY, KOTODBIC HE UMET INIOTHOCTH BEDOATHO-
ctH. B ganehefimem Takue CB ne paccMaTpPHBAIOTCH, & M0, HeNpepPbIBHbI-
mu CB 6yanem nogpasymensaTs abcosmorao Henpeprisusie CB. IlnoTHocTs
BEPOATHOCTH ABAACTCH ONHOH 13 HOPM 3AKOHA PACIPEICICHNS I HeTpe-
prisabIx CB.

NMpumep 5.2. Ilycte CB X nenpepsisHa. Burumenum P{X = z}
JJIA MpOM3BOAbLHOTO hHKcHposanHoro € R. [lo akchome A4 umeeMm

P{X =} = lmPr—c <X <2} = j%l;fé(Fx(ﬂi}—Fx(-’c—ﬁ)) =0.
= [ 4

Taxum ofpazom, gns Henpepwenolt CB BepoaTHOCTE TOro, 4YTO OHA
TIpHMET B ONBITE HEKOTOPOE HAIIEPE) 3ATAHHOE 3HaueHHe, pasna 0.

Croitctea f(z)

1} f(z) > 0 ana Bcex © € R, T e. BHNOAHSETCA YCAOSUE HEOMPULQ-
MEABHOCIL LAOMHOCY. DTO cBolicTBO cenyeT U3 onpeleneHud 5.8.
+co

2) J fl(z)de = 1, T.e. BHOOIHAEYCS YoAOSUE HOPMUPOSKU NAOM-
-0

wocmu. [lockombky F(z) = T f{z)dx, 10 cornacuo ceofictBy 3) Fi(x)

—o

+o0
NOMyJaeMm I f(z)dz = F{oo) = 1.

-0
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3) ff(z)dz = P{:r:; € X € z}. To ceofictay 4) F(z) u cormacno

N
npuMepy 5.2 uMeem

Jf(a:)d:r.: j flz)dz— j F(&) dz = F(az) — F(z1) = P{m < X € 23}

-

4) Pacemorpum CB Y = go(X ), rme p(a) — rmagkas crporo
BO3PacTaOa bYHKIRA CKANAPHOTO apryMenTa =, a X — HenpepLIBRaS
CB ¢ nmornocteio fx(z). Torga mnorHocts pacnpeneneamst CB Y

mveer st fr(y) = fx($W)W(¥), rae ¥(¥) S o~'(y) — obparmas
o oTHOwenwio K ¢(z) dynkoun, HeAcTeurenno, no onpeAeaerno 5.3
HMeeM

o(z) n P(y)—

CTpOro BO3pacTalonine

Fy() 8 P{o(X) < y} = =P{X <9()} =

¥y}
= J fx(z)dx =

—00

3aMeHa mepeMeHHON
zway: ==y

¥
= [ () ) dy.
Haxonerr,

¥
ey =R = 4 (| W d) = @ o).

Ilycts Teneps @{x) — rmanxas crporo ybmeawomas Qymwamst. Torxa

+oo

Fr) 2 Pe(X) <y} =P{X 29} = | fx(a)de=
¥iy)
= [ fx@@W ey =1- [ fx@&W @),

e = 5 (1- j P ) dy) = ~Fx (W)W ).

Taxum o6pasoM, AN rnaaxofi crporo MomoToHHON dyukuuu ()
HAXOIEM
Fr() = Ix () (v)l-
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Hpumep 53. Pacemorpum CB YV 2aX + b, tne CB X mMeer
naorrocts fx(z), npudem @ # 0. B mausom caydae (y) = (y — b)/a.
[osromy #'(y) = 1/a. [lonsaysck ceoitcreoMm 4) f{z) , nonyuaem

fr{y)= ril Ix (?)

5.4. YUncnoBble XapaKTepPUCTHKHE ciayqaifHbnxX Benuuwa. [Iycts
naorHocth f(r) HenpepwipHo# CB X Taxas, YTO CXOmHTCH HHTErpPaJ
o

[ l2lf(z)de.
-0
+o0
Onpeneaernne 510. Yucmo mx éM[X] 2 j z f(z) de HasbIBaA-
—_0
erTcsa mamemamusecxum oscudanuesm (MO) menpepnisrott CB X .
+oo

3amecuanne 5.3. B mexanuxe ymcmo J zf(z)dz coorBercTBYET
KOODAMHATE ICIHTPa MAcC T3, RMEIOUIETo emﬂmmnylo MaccCy, pacipeje-
nennyio no oca Oz ¢ naotHoctsio f(x). Mo anaaorms pemmauny M{X]
HHOT/I9, HA3LIBAIOT cpednua ananenuem CB X . Qusnyeckas pasMepHOCTD
M[X] coenanaer ¢ pasmepnoctsio CB X .

Jna guckperroli CB X ¢ KOHCYHBIM THCNIOM 3HAYCHHI MaTeMaTHYe-
CKOE OXKAAHHE ONPEAENHETCA CAGHYIOWHM 00pa3oM:

A A o a
mx = M[X] = > pray, e pr = P{X =z;}.
k=0

Ananormuuo onpegenserca MO gucxperroit CB co cueTmnm uucnaom
3HavelHil.

Hua CB Y 2 ¢(X), tne X — wuempepsBras CB, MO CB Y
BHIMHCAAETCH CHeIyIomumM 0bpasonm:

-+00
Mlp(X)] = | o(=)f(z)dz,

el

€CAM MHTerpal abCoMOTHO CXOOUTCH.
BEemn X — auckpernas CB, o

Mp(X)] = 3" pla:)ps.

=0
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JoxasatenscTso 31oro akTa OCHOBAHO HA CBEIEHNAX, HITOKEHHBIX B
Kypte MaTeMATHYeCKOTO AHAIIM3A.

Onpemenenue 5.11. Havgavtsmu v, H UEHMPIADHBMYU [b, MO-
MEHTMGMY NopAdKa r HenmpephisHoit CB X nasuBaloTca 4ncIa

+co
v EM[X7) & Ix’f(m)dw, r=1,2,...,
= »
,u,.éM[(X—mx)']é I(o:—mx)rf(x)da:, r=2,3,...

Jdna mackpernoli CB ¢ KoneunbIM YHCIOM 3HAYMEHHH HMHTErpajitl B
onpeAeeHnd 5.11 3aMEHMIOTCH CYMMAMH:

A& A
Ve =Y xEk,  Mr= 3 (xk -~ mx) pr
k=0 k=0
Onpegenerne 5.12. IleHTpanbHblit MOMEHT BTOPOro HMOPASKA [o

rasmBaerca Jucnepcueti CB X u obosHavaeTca kak dy = Di{X] 2 H2.
Jducnepcna dy XapaKTepH3YeT CTENeHb PACCEHBANHA peaJnsauuit
CB X oxono ee MO.

Onpegenenne 513, Cpednum xoadpamudicerusm OMEAOHEHUEM
{CKO) CB X Ha3HBalOT BeAWYHEY OX 2 Vdx = 0.

[+]
Onpenenenne 514, CB Xé X — mx Ha3BEIBACTCH UYEHMPUPO-
esannotl, a CB }*{ 2 )0{ / O'x HA3hIBALTCA HOPMUPOGEHIOL.

CrotficTera my u dx
1) Mfc] = ¢ u D[c} =0, ecan ¢ — KoHcTaHTa. JelicTBATELHO, HYCTD
X — muckpernasm CB, mpmHuMamumiaa 3HavJedue ¢ ¢ BepogTHOCTHIO 1,
T.e. P{X = c} = 1. Toraa M[X] & ¢P{X = ¢} = ¢. Ananormuo,
D{X] £ (¢ - M|¢))?P{X =c} = 0.
2) M[cX] = cM|X], ecan ¢ — koucranta. Ilycrs X — HenpepuiBHas
CB, Torna

+oo +o0
M[cX] & J cxf(z)de = c j zf(z) dz & emx.
-0 —
3) M[X + ¢] = mx < ¢, eclH ¢ — KOHCTAHTA, TaK Kax JyIs
Henpepbienoit CB '
+oa +oo +eo

MX+d& [ @+af@@da= [ afz)de+ [ cf()dz=mx +e

—o —3 = ¢
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4) IM[X]| € M| X]], nockoneky pas senpepusrott CB

+00 +o0
MIX] & | [ 2f(z)da| < [ lalf(e) do = MIIX]].

5) M[)*(] =0, D[J‘(] = 1. HeftcTByTeNbHO, M[ir] AM [X —mx ] ’

Ix
nosToMy o ceoftcteam 2)mx u 3)mx sonydaem M{X]=0 =

D{X) & MI(X ~MIX})") = 2 MI(X - my)) = 2 =1

6) Iycre byukomma ¢(z) = i axpir{z). Torma, ecmr Mipr(X)]

cymecteylor aia Beex k = Lim, 10 Mp(X)] = 3 axM[pp(X)].

k=1
HeficrBuTensto, B ciydae uenpepusnoit CB X, ucnonnsys sumeitnsie
CBOHCTBA HHTErpasa, NOoMyuacM

+oo o
Mlp(X)] = [ (X eror(@))f(e) dz =

—B0 k=1

= iak I we(2)f(z) de = Z“kM[‘Pk(X)]

—co
7) D[X] = M[X?] - m% . HeficrerrenbHo, o caolicTy 6) mx HMeeM

D{X] & M[(X - mx)?] = M[X?] — 2M[X)mx +m% = M[X?] - m%.

8) D[cX] =¢*D[X], D[c+ X] = D[X], rae ¢ — KoHCTaHTa.

9) Ilycrs CB X mmeer KoHEYHOE MATEMATHUECKOS OXKNAAHKE B pac-
npepenerue CB obnazaer cBofCTBOM CHMMeTDHH, T. 8, TpadyiK INCTHOCTH
BeposTHOCTH {gna menpepniero#t CB X ) M MHOTOYrOMBLHUK pacipe-
zenenna (past gackpersoit CB X ) cuMMETPRYEH OTHOCUTEALHO IPAMOM
z=c, U rorma M[X]=c

CsoftcTea 2)m x —6)m x , AOKa3aNHbIC BhlNe A7 HempepbiBEbix CB,
COpaBeAIABLL TAKXKe B 4 aucKkperumx CB.
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5.5. Xapakrepucrnyeckaa GbyaKuus.

Onpegenenue 5.15. Xapaxmepucmusecsotl gynsyuet CB X na-
3HIBAETCH KOMILIEKCHOSHAYHAS (DYHKIUA BHAA

ax(f) a M [e“x] ,

rme t € R}, i = —1. Ecaiu CB X — menmpepuiBuad, T0

+oo
ox(®)= | ¢ fx(a)da,

—0c

eco CB X ~— muckperHas ¢ KOHEYHBIM YHCAOM 3HaYeHHE, TO

i
Qx(t) = E pke‘“‘"-
k=0

Anajrornuno onpepensiercss gx(t) ana auckpermott CB co cueTHhIM
YHCJIOM 3HAYeHHH.

Xapaxrepuctrdeckas ¢yHKIuA npeacTapnder coboli npeobpazonanie
@ypoe mnornocrun peposthoctd fx(z) CB X . Tlostomy ofparnoe
npeobpazopante Pyphe IPUBOAHT K COOTHONMIEHRIO

+o0
fx@= 5 | e oxt)dt.

-0

Taxum ofpazoMm, naa wenpepuiBHoft CB zanamite gx(t) pasmocunLaO
sagaHmio fx(z) u HaoBopoT. Jna npocToTa oHosHaYeHMH B AalbHeHIIEM

a
Gyzem mucats g(t) = gx(t).
PaccMoTpEM 0CHOBHBIE CBORCTBS XapaxTepucTHYecKol dbyukmuu. s
NPOCTOTHl H3NOXKeHMS AOKA3ATENLCTBO 3THX cBoMcTp GyzeM HpOBOLETEH
TOABKO A HenpepolBHEX CB.

CroitcTtra g(t)
1) Jg(t)) € 1 mna Bcex ¢t € R'. Tak xax ¢** = costz + isintz, T0

+oo .
|e¥2|? = cos® tz + sin? tx = 1, nosromy [g(t)] € I le¥=| f(x) dx = 1.

+oo
2) g(0) =1, mockomxy € =1 u g(0) = I flz)dz=1.
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3) v, 2 M[X"] = ;.: gt-,:g( )I . Ilpoauddepenppyem r paz
bynxumo g(t):

& o2 L[] = & | etepeyan =

—00

o o0
LA T T — 4T r itX
= J (E;r—e‘ )f(::)da:= I e fla) dr = iTM [ X"
— -0
Orciona npr ¢ = () noryyaeMm yKa3aHHEYIO opMyLy.
4) Ilyers Y = aX + b, tme X — CB ¢ mrorvocthio fx(x) n
xapakTrepucTHeckoli bymxuueit gx(t). Torma

() EM [eit(ax+b]] = M [¢°X] = e gy (at).

5.6. KpanTnie.

Onpenenenue 5.16. Keanmuavio ypoens p byHKnuM pacnpe-
nejenna F(z) CB X HasplBacTCl MPHAMANBHOC 3HA4YeHWe Tp, HpH
KOTOpOM (DYHKIMA pacupegencHus F(z) He MeHblue 3Ha%eHMs P, CHE
pe(0,1), re

zp S min{z: F(@)2p},  pe(0,1).

Ha puc. 5.4 ykasaunl KpaaTwiu ypopHelt &, 8§ u < HexoTopoil
dynxuun pacopeaenenns F(z).

h F(x) S

[- T - 1% I

"y

0 e o Xy Xy

Puc. 5.4 Pnc. 5.5

Ecin dbyHKIasa pacnpeieleRdsa ¢TPOro MOHOTOHHA B HENpPePHBHA, TO
KBAHTHJIb SBJASETCA eIMACTBEHHLIM perieHreM ypasaenus F(zp) =p.

Onpenenenne 5.17. Kpanruns yposts p = 1/2 HasmBaeTcH Me-
duanot.

Ecmi mnoTHOCTS pacnpefeneHns CYIIECTRYET, CHMMETDHYES OTHOCH-
TexsHO 0ck Oy ¥ CTPOTO NOTONCATENHHA Ha CES3HOM MHOXKECTRE (OTpesKe
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wm ocu Oz}, To %, = —Ti_p. JelicreaTensno, nycts CB Y 2_Xx.
Ipu crenamnbix npeanonoxkennsix Fy(z) = Fx(r), nosromy yp = 2p s
(==}

mioGoro p. Mlance, Tax xax fy(z) = fx(z) | fx(x)ds=p, 70 yp =

Elep
= —x;_p. llosTOMy &, = —51—p (puc. 5.5).

3ameuaHHne 5.4, KpaaTwie spiaserca onioift H3 OCHOBHLIX CTATH-
CTUMECKHX XaPaKTCPHCTHE, HCIMWIb3YCMBLX B MATEMATHSECKON CTATHCTIKE

(oM. ra. V, VI),

5.7. Tunopbie 3aga4n.
Bamaya 5.1. Hssectro, yto P{X > 3} = 1/3. Hatttu Fx(3).
Pewenne. ITo onpenencumo GbyHKIuA pacTpe/ieenus

Fx(x) =P{X < z}.
Cneposatensno, Fx(3) =1—P{X > 3}. [Tosromy
1 2
Fx(3d)=1-3 = 3.

Orser Fx(3)=2/3.

3anaga 5.2. InaCB Y u X sagamm pagsl pacupesenenuii B Buae
1aba. 5.2 n 5.3.

Tabnuna b2 Tabnunabld
X -1 0 Y 0 I
Pil/2]| 1/2 P|1/2|1/2

Cpasuute Fx(Fy(1/2)) v Fy(Fx(1/2)).

Pemenne. Henons3ya paser pacnpeseaenni, COOTBETCTBCHHO MTONY-

- Fy(1/2) = P{Y <1/2} = P{Y =0} = 1/2,

Fx(1/2) =P{X < 1/2} = P({X =—1}+{X = 0}) =
—P{X=-1}+P{X=0}=1
Ananorngno,
Fx(Fy(1/2)) = Fx(1/2) =1,
Fy(Fx(1/2)) = Fy(1) =P{Y <1} =P({¥ =0} + {Y =1}} =1.

OreeT Fx(Fy(1/2)) = Fy(Fx(1/2)).
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3amaua §.3. Haun dyExumu:

D) hilw) = 2% 2) fole) = Leinz + 3 1_1

2 I BE)=caraEr

Asnasroresa am 5TH QYHKINK IWIOTHOCTIMHA BEPOATHOCTH?

Pemenne. 3aece HeoOXOUHMO DpPOBEPHTL BHUINIHEHHE YCIOBHH
HEOTPHUATENLHOCTH H HODMHPOBKH. ¥ mepBoft (HyHXIHN He BLEIONHEHO
YClioBa¢ HEOTPHHATEARHOCTH, TaK Kak fi{z) £ 0. V sropoit dynkoua He

+oo
BLUTOMHEEO YCAOBHE HOPMUPOBKH, TaK KaK HHTEDDAX I -;—(1 4 sing)de
—00
pacxogaresa. Hakonen, Tpersa $yRxips ABASeTcs NAOTHOCTBIC, TAK KAaK
OHA HEOTPHUATERLHA H

S +00

1 1 1 $o0
| serda= 1 | g de= Jantga] =1
—0o —o0

Orrer. IInoTROCTEIO pacnipenenenus sBaserca Toxsko f3(z).

3agaua 5.4. UssectHo, uTo cayvaftnas memuuuna X ;| nmpunRBMao-
TIAS JB& 3HAYEHHA T) = 2 H Tz = 3, AMeeT MATEMATHAYECKOe OXKAAHNE,
pasuoe 2,2. Hocrpours pan pacupemenenuss CB X, mafiTik ApCoepcHio u
NoCTpoHTh rpaduk PYHKIWA pacHpeleleHus.

Pewenue. [Iycte P{X =2} =p, P{X =3} =1 — p. Hcnous3ya
OIpefeCHIEe MATEMBTHYECKOrO WKAIARIS

Ta6anuna 5.4 M[X]=2p+3(1-—p) =3 -p,

X]| 2 3 nony4aeM ypaeHenme 3 — p = 2,2, oIkyzas Ha-
P{08| 02 xomum p = 0,8. Pua pacnopeneneHds npeacTaB-
nen B Tabn. 5.4. Temepr BHIYMCHNEM AHCHEPCHIO:
D{X]=(2-22)%.08+ (3~ 2,2)?-0,2=0,16.

2 R

H"

¢ 2 3

Puc. 5.6

Orser Paz pacnpesenenns npusezed ®» Tabn. 5.4, D[X] = 0,18,
rpacdux dbysKuKEY pacnpeaencHns NMPEBEAEH HA pHC. 5.6.
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Saaaua 5.5. Caenano J85 BHICOROPHCKOBRIX BEAAAA — 20 MawH py6.
B KoMIaHuo A o 18 M py6. B xomnauwio B. Komnanus A oGemper 40%
FOAOBHX, HO MOKET OOBHKDOTHTHCH ¢ BEpPOATHOCTBIO 0,3, Komnanwst B
obemaer 30% 1'OAOBLIX, HO MOXKeT ODAHKPOTHTLES C BeposTHOCTHIO 0,2,
ByaeMm cumTtaTth, 4To GaHKpOTCTBA KOMIAHWY HesapucEMbl. CoCTaBHThL
PAR pacopeneneRds caygalinoft BexmvwHm X, paBHOH CymMMe BKAALOB,
MONTYYeHHWIX OT ABYX KoMmanuit depes rox. Haltrm maremarnveckoe
OKEAZHEE H TUCTIEPCHIO crydatino# semanent X .

Pemenue. Cornacro yemoemio zagaun CB X MOKeT Dpi#HUMATh
CREAYIONUe SHAYCHHN;

23 = 0, ecmm ofe KOMIIAHNH 0BAHKPOTATCS;

2y =20+ 0,4-20 = 28, ecnu 0BaHKPOTHTCH TONHKO KOMIAEEA B;

x3=18+0,3-18 = 23,4, eciu 06aHKPOTHTCA TOMBKO KOMIAHHS A

24 =28+ 23,4 = 51,4, echH HE OfHA M3 KOMNAREY He 0OAHKPOTHTCH.

Jdna nocrpoeHHA pajs pacmpefencHuMA crydalfHol pemwamAn X
JIOCTATOMHO HalTn BeposTHocTH cobmrut {X = x;}, i=1, 4.

PaccmoTpuM JONOMARTENLHO COOLITRS:

A= {Komnanua A obaukporurca}, B = {Komnaans B obankporurcs}.
Toraa
P{X =z} = P(A- B).

Cornacno ¢opMyse YMHOXKEHUSI BEPOSTHOCTEH, a TakKe YUMTHIBas
He3aBHCHMOCTE cobrITHit A u B, 6ygem uMers

P{X =z,} = P(4) - P(B) = 0,3 - 0,2 = 0,06.

AnamoruyHo HallneM BepOATHOCTH OcTaBmmxcs cobmTrft. Hmes B iy,

uTo cofrimust A M B TAK 3e HE3ABHCMMEI, KaK M cobuths A u B,
OOy 4HM

P{X =1} =P(A-B)=P(4)-P(B) = 0,7-0,2 = 0,14,

P{X =23} =P(A-B)=P(A)-P(B) =0,3.0,8 = 0,24,

P{X =z4} =P(4-B) =P(A) - P(B) =0,7-0,8 = 0,56.
Taxum oOpa3oM, HMeEM Pk Ta6nans 5.5
pacnpele/icEas cayyaitnoit bemH-
unin X (cm. Tabar. 5.5). Tlo onpe-

JeNCHNI0 MATEMATHYCCKOE OKHIH-
e CB X moxer GmTh HalimeHO

creayioursm obpasom:

x| o [234] 28 | 514
P | 0,06 | 024]014] 056

4
M[X] = z ipi = 38,32.
d=]
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Hafinem Taroxke mucnepcwio CB X @

DIX] = 3" (a - M[X])?ps = 252,25.

=1
Oreer M[X] = 38,32, D[X]=252,25.

3agaua 5.6, TLroTHOCTH BepoaTHOCTR cryvaftmoft Bemwawnn X
BRITAAKT CIeAYIOmEM 00pasom:

3 '

- &
f(x) — 22 ;] |$* = hs

0, || > &

Hatiry h, M[X], F(z), D[2X + 3], M[X?-3X +2].
Pemenue. Jaz vaxoxyesusa h BoCIONb3yeMcs YCJIOBHEM HOPMHPOR-

+oo
KH, COIVIACHC KOTOPOMY J f(z)dx = 1. B nannoMm ciydae

—00
Fo0

fle)dze= 3 bxzdx= "
=3 ]

za

— 23
3 =h"

Nl

—e0 —h

Taxum obpazsoM, % = 1, n nosromy h = 1. [Ina maxoxmerus yHKIHR
pacTpeleneRnst BOCIONb3yeMcs (opMysolt, cBA3bBalOMER MIOTHOCTD
f(z) ¢ dyuxuuett pacnpegenenus F(z):

F(z) = j fb)dt.

—00
Torga F(z) =0, ecnn x € (—oo, —1].

x
Eoms @ € (~1,1], 70 F(z) = | %t’dt= 3(z*+1).
21

1
Ecnx z € (1,+00), T0 Fz) = I Bdt=1.

|
Taxmam ofpazomM,
z € (—o0, -1},

0,
Fa)={ 41 ze(-1,1, (5:1)
1, z € (1,00].

Bl
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Jnn maxommennz M[X? — 3X + 2] n D[2X + 3] socnosmssyemcs
CBORCTBAME MATEMATHYECKOTo GKHIAHMS u gucnepcun. [Tomyunm

M{X? - 3X + 2] = M[X?] - 3M[X] + 2,
D[2X + 3] = 4D[X]. (5.2)
Bripasus M[X?] wepes M[X] u D[X], nomyum
M[x? = (M[X])? + D[X].

Taxum obpasom,
M[X? - 3X + 2] = D[X] + (M[X])? - 3M[X] + 2. (5.3)
BrrancamaM '
+o0 1 41
M[X] = J- zf(z)de = g ]lm_sa'a:= % %— . =0,
o) = [ - Moy = £ [ otae = 35 322
—oo -1 -

3ameTuM, YTO MATEMATHYECKOE OKMIARRE chyydaltnolt Bemnvunsl X Moxc-
RO GEIIO He BHIYUCASATH, TBK KaK rpaduk miotHOCTH f(T) CHMMeTpuueH
OTHOCUTENLHO BEPTUKANLHON npaMolt ¢ = (), U CNeJOBATENBHO, COIIACHO
ceoficTBy 9)myx nmeem M[X] =0.

Toacrasus matinenunie spavenna M[X] u D[X] B dopmynst (5.2) 1
(5.3), momyzim

M[X? - 3X +2] = g +2=26,

D[2X +3] = 4- g =24,

Oteet h=1, M[X] =0, supaxerne gast F{r) npusegeno B (5.1),
M[X? - 3X +2| =26, D[2X +3] =24.

3agzaga 5.7. Halite xpanTwin ypoBus p = 2/3 ana asyx cuydaitupix

BEJTIHH: Tabanua 5.6
¢) cayvalinas semaqmHa X

MMEET PAL pacnipefesieRust, YKa- X 0 1 2 3

3aEHuill B Tabn. 5.6); ' P |o25/[025]025 |02

6) cayvaiinas penmaunia Y mMeeT ILIOTHOCTh BEPOSTHOCTH

2z, z€[0,1},
f("")={o, ¢ [0,1].
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Pemenune. ¢) Ilo onpeaenesnio JOMKHO BHIIONHATLC] HEPABEHCTBO
2/3 £ F(z2/3)

H T3/3 JODKHO GBTh MWHMMAJTBHBIM CPENM BCEX HCEN, YZOBIETBOPIIO-
mex aroMy ycnosuwo. HemocpecTeensrie BRITUCHeHns Zal0T citeAylomuit
PE3YALTAT: :

F(0) =P{X <0} =P{X =0} = 1/4 < 2/3,

F(1)=P{X 1} =P{X =0} +P{X =1} =1/2<2/3,
F2)=P{X£2}=P{X=0}+P{X =1} +P{X =2} =3/4>2/3.

Taxum obpazoM, 33 = 2.

6} B nmamHOM cayuae Ha o'rpeaxe [0,1] dbysuxuus pacnpeaenenus
CB X umeer Bug

F(a:)=Tf(t)dt=T2tdt=z2, z €[0,1],
0 0

# IIOYTOMY ABJSETCH HENPEPLIBACH K CTPOTO MOHOTOHHOH HA OTpESKe
{0,1]. B coorsercTBEM cO CBONCTBOM KBAHTHAH HaXOJHM Tg/3 u3
ypasuerus Fzg/s) = 2/3, otxyma T3 = 1/2/3.

OrBeT a) Tas3 =2; 6) 2273 = 1/2/3.

§ 6. OcHoBHBIE JUCKPETHBIC PacnpeleleHnAs

6.1. BunommansHOEe pacnpeneieHue.

Onpepenenre 6.1, Jackpernas CB X ¢ peaymsausiamu z; =
=k, k = 0,n, meer Suromuarvroe pacnpedesexue C NAPAMETPAME T
n p € (0,1), 9o cuMBONHYeCKH 3anuchHiBaerca kak X ~ Bi(n;p), ecau
BepoATHOCTb cobuitna {X = z} onpenenserca dpopmynoit Beprysuma:

Pr 2P{X =2,} 2 P(K) 2 Ch*F, g=1-p.

Psin pacopenescHusa npeicrasieH B Tabi. 6.1.
ITycrs onbiT G NOBTOpHETCA T Pa3 B ONHHX H TeX Ke YCIOBMAX,
npk sToM cobnrtThe A TOABNNETCA NPA KAXJIOM NOBTOPEHHM OIBITS C

a
oxHo# u To#t xe mepostOCTHIO p = P{A). Torma mo Teopeme 3.5
BEPOATHOCTE Nossiienus cobuirns A poBeo k pa3s npE n NOBTOPEHHUAX
omsita ompefiensiercs opuynoft Bepuywmn: Pn(k) = Cipkg"~*, e
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cayualimas pemAyuna X, SBOMOMASCE YACHKOM NOABXeHHS cobuTHa A
IPH 1 TIOBTODPEHHAX OMEITA, MMeeT ORHOMMANILHOE PACDEALEHNE.

Tabauua 6.1
X1]0 1 k n—-1 n
P qu npqn-l . C:pkqﬁ—fc .. nqpn—l prl

3ameuanune 6.1. Ilpapas wacre Jpopmynsr Bephuynnu copmaszaer c
BHpaxkenueM gist (k+ 1)-To craraemoro B pasaoxcennn 6unoma Heiorona
(p+ ¢)", 1 MOITOMY TAKOE PACTIpEfie/ieHNe HASHIBACTCA CHHOMYHANGHLIM.

CeofticTsa GuHOMMaAABbHOro pacnpeienenus Bi(n;p)

1) Xapaxrepucruveckas $pynxuusi CB X ~ Bi(n;p) pasna
n . ” I} -
g2 T pre’™ = 3 Ck(pe)eq™* = (|6urom Hetoromal] = (¢-+pe™)™.
k=0 k=0

2) Uz croficrea 3) g(t) momyyaem 3xaYeHHe MATEMATHYECKOTO OXKUAA-
HAA ¥ AMCIEPCHN

8, _14d 14 S| -
MX=N= T4 (t)L:o' ;@ [(@+pe) ],=o_

= (g + pe“)““’e"‘L=o = np(g+p)"~! =np,

=np(n—1) x

— Qi ityn—1 it

t=0

= nng + npq.
=0

. e2£t(q+peit)n—2

Yuurrsas ceofticTeo 7) myx , mONMy4aem

A
dx = pg = vg ~mk = n’p® + npg — n’p’ = npq.

3) Hauboxee BepomTroe sHaverne k* CB X ~ Bi(n;p) yaoerersops-
€T HEPDABEHCTEY
(R+l)p-1<k* < (n+1)p.

Ilpumep 6.1. Monery monbpacsrsazor Tpe pass. Tpebyerca maltti
pAz, pactipeaesenus yaeas X Bunapmux <repbopr. CB X pacnpenenena
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0o GHHOMMARBHOMY S8KOHY ¢ mapaMerpaMu n = 3, p = 1/2. ITostoMmy
CB X uoxxer mpauaMaTh 3Havenus 0, 1, 2, 3 ¢ RepoNTHOCTAME

1331 1y3_ 3 1
Po=ce?(§) =§’P2=P1=C§(§) =§,P3=1-(Po_+P1+P2)=§

COOTBETCTECHHO, TAKHM 06paz0M, NOMY9IaeM DAN pacOpefedenns, Tpel-
cTapjieHHRH B Tabm 6.2.

TaGanuna 6.2

x[o[1[2]3
Pl1/8]|3/8]3/8]1/8

Ilpumep 6.2. Ilpeamomoxkum, TpebyeTca OLEHHTL SKOHOMEYECKYID
1emecoobpasHOCTE €XKEHeBHOrO OTKPBLITHS MarasuHa B 8 4acoB yTpa B
revenue 5 pabounx gmet. IlycTe BepoATHOCTL NMOABNERHA NOKYIaTeNel
B 3TO BEpeMf CYTOK H386CTHA M paBHa p. TOrIa BepOATHOCTB IPHXOAA
nokynarenett B 310 Bpema k pa3s 3a HeJemI0 BHpaxaercs dopmynoft
Bepuynnmu. IIpe atoM, ecan, nanpumep, ana k = 4 3Ta BepOATHOCTH
P5(4) okaxerca 6auskolt K eAUHMIIE, TO CIIEAYET OXKAAATH SKOHOMUIECKHI
3cpeKT OT OTKPHITHSE MArasuHa B 8 4acos yTpa.

6.2. Pacopenenenre Bepuynnn.

Onpenenenne 6.2. BuuoMmnamsmoe pacupeseneHue Bi{l;p) ¢
napamerpamu n =1 u p € (0, 1) HazsieaeTcs pacnpedeserues Bepryaau,

Hns pacupenenemus Bi(l;p) umeem g(t) = ¢ +pe’, mx =p, dx =
=p(l-p).

3ameuanne 6.2. Pacnpepenenne Bepuymnnms Bi(l;p) urpaer ¢pyn-
JAMEHTAILHYIO DPOIb B TEOpHH BeposTHOocTelf B MaTeMaTHJIecKolt CTATH-
CTHKe, #BJIACH MATEMATHICCKON MOMENLIO ONIBITA € ABYMS HCXOHAMH.

Ecmn X,., m = L,n, —— nesaprcumue CB (cMm. onpegenerne 11.5) ¢

pacupezenenneM Bi(l;p), Torma CB X = 3" X mMecT pacmpeseneune

=1
Bi(n;p).

INpumep 6.3. Iiycte mMeeTca mapTHa HexoTOPOH nponykumu, B
KOTOPOH HEKAYECTBEHHA NPOAYKIMG BCTDEYALTCI ¢ BEPOSTHOCTHIO 1 —
— p, a npoayxuusa 6e3 nedexToR — ¢ BepoATHOCTHIO p. Ilomoxkum zg =
= 1, ecsm nomanack npoaykoug He3 gedexTos, 1 ¢y = 0, ecyru nponyKuMA
¢ Jegrextom. TOrua <KauecTsos MPOAYKIMM MOXKHO ONHCATH CAyYafino#t
BeJIMIMHOM, MMelomelt pacnpeaencHre Beprynmn Bi(l;p).
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6.3. Pacupenenesme Hyaccona.

Onupenenenne 6.3, Huckperras CB X c peanusanuamu z; =k,
k=0,1,..., mueeT pacnpedescrue IMyaccora ¢ napamerpom & > 0, uro
CHMBOMMYECKH 3anucuisaerces kak X ~ [l(a), ecan

a*
pk—P{X-—.'Bk}— —e -,

Psan pacnpenenenns npeacrasier B tabi. 6.3,

Ta6nuna 6.3
X| o 1 k

b
Ple®|a® %e“

CeoficTea pacnpegenenus Ilyaccona II{a)

1) Ha#tnem xapaxrepucruieckyio ¢pyuxmmo CB X ~ II{e):

g(t) zpke:tk_z kr e=0eith — g—o E (a u)l: ¢

t gt
=g 20 = ea(e 1} .
k=0

2) Mo ceofictey 3)g(f) momyyaeM MaTeMaTHYECKOe OXKMJAHME K
JMCIePCRIY:

mx & = 9( )l [ase e"(‘“‘”] L_ =

1 d* o d [. it _afet—1)
vy = ———g(t)[ = 24 [t 0] a1 4a),
i dt? (g S =0

dx=vg-m§;=a.

3) Hanbonee sepogTHoe anagenue k* CB X ~ II(a) yaosnersopaer

AEPABEHCTEBY
a-1<k"<a

dna pacnpenenenua IlyaccoHa BHNNIEMAETCH YHCIOBOE PABEHCTBO
myxy = dy = a. Ha npaxtake CB umeer, kax npaeuno, $buanueckyio
pasMeprocTs. B aToM cnyvae dmsaveckue pasmepaocts MO n sacrepeun
He COBIIA/AIOT, XOTH UX YUCIOBKE 3HAYEHAA Jjia pacnpeenennsa [lyaccona
PABHEL,

3ameuanue 6.3. Pacupenenenne Ilyaccona mapoko scnomsayerca

B TeopHn Maccoporo obcnyxmupanns. Ilpunesem npumep THmramolk cxTy-
AIH, KOTHA BOSHREAET TAKOE PACIPEACICHAE.
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Hpumep 6.4, Ilycrs ma renedoHHYIO CTAHINO B IPOU3BOILHEE MO-
MEHTH BPEMEHH CIyJalHEM 0GDa30M MOCTYTIAIOT 3ASBKH Ha IePEeTeBOPH
¢ roponoM N Tak, YTO BHNOIHAIOTCH TPH YCAOBHA:

a) BEPOATHOCTH NOABICHHS MIOOOr0 KOMUMYECTBA 3AABOK 33 KaKoh-
nu60 OTPe30K BDEMEHM HE 3ABHCHAT OT TODO, CKOJIBKO HX HOCTYITHIIO
3a mobolt apyrodt, e mepecexalomuficA ¢ HMM OTPE30K, T.€. 3asBKH
PACTIPEIENIAIOTCH HA OCHM BPEMEHH { MESABHCHMO APYT OT APyra. JTo
YOROGUE HEFAOUCUMOCTNY;

6) BEpOSTHOCTE MOSBACHKSA 33 AOCTATOYHO Makkill HATEPBAT BPEeMeHH
At nayx u Gonee 288BOK MperebpeKAMO Malla 10 CPABHEHUIO ¢ BEPOSTHO-
CTBIO TIOCTYIJIEHHA B T€YeHHEe 3TOMO MHTEPBAJA BPEMEHH ONHON 3aSBKH.
310 ycaoeue opdunaprocmas

B} BEPOSTHOCT) NOABNEHYS (PUKCHPOBANHOTO YHCJIA 3AABOK B HHTEDBa-
Jie BpeMeHU 7 33BACKT JHMb OT JJIHHSL YTOT0 HHTEPBEANa, HO HE 3aBHCHT
OT ero PacHONOMEHAA Ha OCH 1. DTO YCA0BUE CTNELUONAGPHOCTRY.

B aannoM ciyuae MOXKHO NOKA3aTh, ywro CB X, pabnas unciry 3aseox,
HOCTYTHMBIIMX Ha TenedoHHYIO CTAHUEI 32 €JHHULY BpPeMeHH, MMeeT
pacnpemencune Il(a), rme @ - CpejHee MACHO 3AABOK, IIOCTYIAIOINEX
B SIHHUILY BPEMEHH.

Hpumep 6.5 Ilycte Mammnaa npoexaia HEKOTOPOE PACCTOSHMeE
u X — 4HCNO HPOKMIOS MIMHBI HA JTOM PACCTOSHMH, KOTODHE MO
XOoy HBIDKEHWA YCTPAHSIOTCA. TOINA BEPOATHOCTH K MPOKONOE IIMHBI
MmoxkeT ObiTh Halinena mo ¢opmyne I[Iyaccona (¢ COOTBETCTRYIONEM
TMAPaMeTPoOM a ).

Mexay bunoMmansHBIM pacupeaenenuem Bi(n;p) u pacnipenesmennem
Iyaccona If{a) mMeerca creAyiomas cBA3L.

Teopema 8.1. (Teopesma Hyeccona). ITyemsv n = 0o, p— 0 u npu
amom np = a = const. Tozda

&
Po(k)—+ T e, mae Pa(k) 2 Chp*¢™ %, k=Tm.

Hoxazarenscreo. Jokamkem 9T0 YTBEpiKAEHHe, IONB3YAChH BTO-
Pbim 3aMedaTeNbHEM npeneaoM (1—a/n)}" —+ e npa 1 — 00, Tax Kax
sgeck p=a/n, g=1-afn, 10

lim P(k) = llm nn—1)...(n—k+1) (%)k(lﬂg)n-—k=

n—00 k! n
a_ T nn—1)..n-k+t1)(1-a/n)" _ —a
k! n=oo n* (1—a/n)*

Taxum o6pa3zoM, npr GaIbmMX 7 H MANRX p (OPA pefKHX AB-
JeHUARX) NBYXOapaMerpuveckoe Gmmommantnoe pacnpegenenue Bi(n;p)
MO?KHO NPHOANZKEHHO 3AMEHATD CHHOIAPAMETPHYECKHM PAcHIpeAcieEHeM
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Iyaccoma Il(a), rme a = np. Ilpu sToM ommbxa or Taxolt 3aMeHn He
npepmmaeT np® gnascex k=0,n, Te.

k
c:pkqn-—k _ (“;) e~"P| g npz'

Ecau ycnosug reopembr ITyaccona He BBIIONHAIOTCH, T.€. P JOCTATOYHO
BeJIMKO, TO IPHMeHsAETCH Apyrag ouerra P,(k) (cM. Teopemy 14.2}).

6.4. Tunoerle 3agaym.

3anmaua 6.1. Cayualinas semaunna X ~ Bi(1;0,1). Kax pacnpene-
nena CB X", rme n — nenoe amcao?

Pemenue. Ina CB X no onpeleneHuo mpeeM paj pacnpelesieHns,
xoTopuift npencraened tabn. 6.4. ITockomsky X

NPHHHMAET TOAHKO JB2 BOIMOMKHEIX 3HaueHHs 0 Tabanus 6.4
H 1, TO MHOMKECTBO BO3MOXHHX 3Hauernit CB xlfTol1
X" raroxe coctont M3 ( m 1. Hostomy ana Plog|ol

HOCTpOeHHs pAJa DACHPEJeNeRHs OCTACTCS Bhbi-
YHCIHTH COOTBETCTRYIOmEE BepoaTHOCTH. Oge-
BEARo, yro {X™ = 0} = {X = 0} m, crezoBaTenbHO, UCKOMEIE BEpO-
STHOCTH PaBHBL

P{X"=0}=P{X =0}=08,
P{X"=1}=1-P{X" =0} =0,1.

Takum obpazom, X" ~ Bi(1;0,1).
Orrer. X" ~ Bi(1;0,1).

Bagaza 6.2. IIycte X u ¥ — 4Heno «ycnexoss M <HEYCHEXOB» B
100 ompiTax, MpoBOTHMEIX 10 cxeMe Beprynnau. BeposTHoCTh «ycnexas B
oxmoMm onmrre pasHa 1/2. Cpasmere MIX] r M[Y], D{X] « D[Y].

Pemenue. Jna onpenenennocTr SymeM CHUMTATh, TO IOR <ycle-
XOM» B GUHOM ONBITE IIOHHMAETCH NOMBJEHHE HEKOTOPOro ciyvaliiHoro
cobprTua A, a, COOTBETCTBEHHO, <HEYCHEeX» COCTOMT B TOM, YTO IIPOHC-
xoauT cobutne A. Torma mns CB X no onpenenermio nomyyaem X ~
~ Bi(100;1/2), rze n = 100, p=P(4) = 1/2.

Jng Toro wrofel noxy4duTts 3aKkon pacupegenerud CB Y moctynum
crenyiolquM o6pasoM; HASOBEM TEHEDh <YCTIEXOM» B ONBITE IOSBIICHWE
cobuia A, a <Heycriexoms» — cobutne A. B sTom cayuae Y — uneno
s«ycnexcer B n = 100 omprmax, 8 BEPOATHOCTL «YCIEXa» TelePh

g=P(A)=1-P(4)=1~p=1/2
Takum ofpazom, ¥ ~ Bi{100;1/2).
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ITocae $TOr0 pemeRde 3A0A9A IOIYIHETCH IEPOCTO;
M(X]=M][Y], D[X]=DfY]

Orser. M[X]=M][Y], D[X]=DI[Y].

3agmaua 6.3. CB X ~ II(a), a = 2. Hatr: 4) P{X < M[X]};
6) naubonee peposrHoe snavenne k* CB X n P{X =k*}; ¢) P{X >
> 0}; ) M[X?.

Pemenne. a¢) Ilo dopmyse CBAIH MATEMATHYECKOTO OXKHIAHMSA
¢ BapaMeTpoM a 3aKoHa pacnpeaenctusa I(a) meem M[X] = a. Torma

P{X <MX]}=P{X <2} =P({X=0}+{X=1}) =
=P{X=0)+P{X =1}= --e"“+—l-e “0 ={a+1)e® =3e 2

6) Cornacko ceofictey 3 pacnpegenenns ITyaccoua, nautonee sepoar-
soe apaenune k* g CB X ~ II{a) nexnr B unrepsane ¢ —1 £ k* € a.
CneporaTennno, B Ramem cayqae 1 € k* € 2. Takum obpa3om, Haubomnee
peposTHHX 3HavueHuft Apa: kY =1 n kj = 2. Halinem cooTBeTCTBYIOIHE
HM BEPOATHOCTH!

P{X=k}=P{X=1}= Fe* =27,
P{X=k}=P{X=2}= %—I—e_" =2¢2,

e) Cnywaiinas pemuuuna X ~ II{e) npumimaer smavenmus 0,1,2...
ChnegopaTensso,

1
P(X>0}=1-P{X=0}=1- 3.

2) Bocmom3yemca GhopMyJofft CBASH BTOPOTO HAYAMBHOTO MOMEHTA,
KoTophift HyxHO HaitTR, ¢ M[X] 2 D[X]:

M[X? =D[X]+M[X])’=a+a?=2+22=6.

Orser a) P{X < M[X]} = 3¢~2; 6) nauGosniee peposrHEIC 3HAC-
mm w2, P{X =1} =P{X =2} =2 6) P(X >0} =1 ;
z) M[X? =6 )

3agaua 6.4. Crpaxopas KoMOaHnsa 3aKII0OYS8ET OFHOTHOHEIE AOTO-
BOpHI, NIPIMEM CTPAXOBAN MPeMH: (CyMMa, BHOMATHBACMAS CTPAXYEMBIM
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NPH 3aKAI0MEEHE JOIOBOPA) COCTaRAAET 4 THC. pyOneit. [Ipu HacTyneHHH
CTPAXOBOrO CIYY4A KOMIAHHA JOMKHA BRULTATHTL 20 THC. pyOaett. Ha-
BECTHO, YTO CTPaXonol Ciyuait sactynaer B 4% cryuaee, Dupme yaanocs
3acTpaxoBark 200 xadenros. OTBETHTH HE BOIPOCH:

a) Kaxor cpeunit moxon GHpMH H CpeREKBAlDATHYECKOS OTKIOHE-
"ne aoxona hupMut?

&) Kakora BEpOSTHOCTE TOTO, UTO H0X0A (PUPME GYHeT HAXOIATLCS B
npepenax ot 710 zo 750 TEC. pyOuneii?

Pemenne, Q6osmauum yepes X CIy4aiiHyi0 BEIUYHHY, PABHYIO KO-
JIH9ECTBY KNHEHTOB, KOTODLIM CTDAXOBas KoMUamua Oyaer enate BbIi-
IVIATHI IO CTPAXOBOMY cay4alo. Tak Kak cTpaxopoif ciydall HacTymaer
8 4% cny4aes, To BEPOATHOCTE TOTG, ITO OH HACTYIHT IpH PaboTe ¢ OGHHM
KOHKpeTHHM xumeNToMm coctasjser (,04. Iostomy cnyunitman Besmuusn-
ua X nmeer GEAOMHANBHHIL 3aKOH PACIPEIeNleNMd ¢ MAPAMETDAMH Tt ==
=200 n p =004, te. X ~ Bi(200;0,04). OBozraynm aepez ¥ cuy-
yaliuyio BeARulHY, paBHyio Joxoay GupME. COMACEO YCIOBMIO 3&0aMH
CB Y ceazana ¢ X cnegyomum odpasoM:

Y = 200 - 4000 — 20 000 X.

a) Bocnosysayemes CBOHCTBAMH MATEMATHYECKOTO OFKHAAHMA M JIAC-
nepcay gas naxoxzenna M[Y)] u D[Y]:
M[Y] = M[800 000 — 20 000 X] = 800 000 — 20 000 M[X],
D{Y] = D[200 000 ~ 20 000 X] = 4 - 10° D[X].
Hagectno, ure Ana GHEOMAANBHEOrO 3aKOHA pacnpeselieHnn
M[X] = np =200-0,04 = 8,
D{X] = np(1 — p) = 200-0,04- 0,96 = 7,68,

Iomysaem
M[Y'} = 800 000 — 20 000 - 8 == §40 000,
D[Y]) =4-10%. 7,68 = 3072 . 10°.

Taxnm obpazoM, CpeRHEKBRADATHIECKOE OTKAOHGHHES AOXOOS (QPHDMBI

paBaO V3072 - 106 ~ 55 426 pyb.
6) Ucnonbays mssecranie OPMYNGL, NOMyIaeH

P{710000 < Y < 750 000} =P{25 < X € 45} =
=P({X=3}+{X=4}) =P{X =3} + P{X =4} =
= C0(0,04)%(1 — 0,04)2%3 4 C10(0,04)*(1 — 0,04)>* = 0,0825.
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Oreer a) Cpenauit goxon dupmet pasen 40 Tric. pybuneit, a cpeaue-
KBagpaTuieckoe oTKIoReHHe — 55,426 - 10° py6.; §) peposTROCT: NpH-
Gnusarexsno pasua 0,0825.

3aaaqa 6.5. BepoaTHOCTE TOIO, YTO B TedeHHe Yaca HA CTAHIHIO
CKOpOit NOMOIIA HE NOCTYMNT HH OZHOTO BLIZ0BA, paBHa 0,00248 . Cunras,

910 9HCIC X BH30BOB, NOCTYIHBIIAX B TEeYeHHE YACA Ha CTAHILHIO,
AMeeT pacmpegesiende IlyaccoHa, HalTH MaTeMATHUECKOe OxKHfaHue M

Jucnepcuio X .

Pemenue. Ilo yonosmo CB X ~ IL{a), cnesosarensio P{X =0} =
= e~% =0,00248. Orcioaa a = 5§,9994. Tax xax X ~ II{ea}, To M[X] =
=0 =59994, D[X] = a = 5,9994.

Orerer M([X]= 59994, D[X] = 5,9994.

§ 7. OcHOBHBIE HENpPEepbIBHLIC PACIIPEOEICHAS

7.1. PapHOMepHOe pacnpeliejieHHE,

Onpegenenne 7.1. CB X pacnpemencHa PpaanomMepHo Ha ompesre
[a,b] (X ~ R(a;b)), ecmm (pre. 7.1)

1
f(z) = { foa CSlwd
0, z ¢ [a, B].

CroficTea paBHOMepHOro pacnpegenenusa R(a;b)

1) Herpyzamo yGeauThea B TOM, YT0 OYHKOUA PacHpeue/ieHUs HMeeT
Buz, (puc. 7.2)

. 0, r <a,
F@)2 | syat=q 5=, a<a<d,
e 1, z>b

2) Xapaxrepucrnyeckas pyuxmus CB X ~ R(a;b):

o

+o0
9®) M) = [ e

-

eita

tt(b a) ’

-]
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3) MO u gucnepcrs no oNpeNe/eHNIC DABHEL,

52 — o? a+b

+o0 &
mxév1=sz(z)dm=I Z dx

bma T o~a) 2’
+oc b
A o _ 1 2 _ ¥ —a ___l'iz-l-bﬂ,-l-az
e | Pf@d= gz [ o= g5mh = =5
-0 a
A 62 ba 2 2 2(15 bﬂ b 2
dy 2y = vy —mk = +3+a _a+4+ =(I12a)'

B nannom citygae MO moxE0 6p110 Opt HAltTH mpolne, BOCIONL30BABRIITACD
ceoficTBOM 9) mx , Tak Kak rpadHX NJIOTHOCTH BEPOATHOCTH PaBHOMep-
HOTO 3aKOHA CHMMETPHYCH OTHOCHTeNbHO mpsiMott z = (e + b)/2.

4 1@ Arey

L
b-a

"y
ny

a 0 .

Puc. 7.1 Puc. 7.2

A X—a

4) JImsmefinoe mpeoGpasopanne Y = nepesogar CB X ~

b—a
~ R{a;b) 8 CB Y ~ R(0;1). JeiicrBuTtenbno, cornacio npamepy 5.3
h _ L yeoy,
)= G-atsae-a+a={ 0 Vo0

5} Ecir CB Y BMeeT HeNpepHIBAYIO CTPOIO BO3PACTAIONY10 GYHEKIHIO

pacnpegenenus Fy(y), 7o CB X 2 Fy(Y) wumeer pacnpefienenne
R(0;1). Deticyrutesnsho, B 3ToM citygae dbynxnmst x = Fy(y) mmeer
obpatuyio dbyuxkmmo y = Fy,'(z) ¥ o™ QyHKIME ZBARIOTCH B3AUMHO
ofparrsiMu. TlosTomy sna Beex z € {0,1] norygaem

Fx(z) £ P{Fy(Y) < 2} = P{Y < F7'(2)} = Fy(Fy'(z)) = =.

Kpome 1oro, Fx(z) =0, ecm z < 0, u Fx(z) =1, eccm z > 1.
Taxum obpasom, CB Y 2 F73(X) Gymer mers tpebyemyro byrxmmo
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pacupegenesnst Fy(y), ecma X ~ R(0;1). Jauusit pesyabTaT, BepHBIN
n B Gonee obweM cmyvae, Korga YHKIAY PacupeleieHHA NHIOb HeNpe-
PHIBHA, HCTIONB3YeTCH ans Momerapopanua CB ¢ npouzponnHo 3a0aHAEIM
JaKOHOM DACIpPENCIICHHA.

3ameuanune 7.]1. PapnoMepHoe pacnpefenenne ABIAETCA HeMpe-
PHBHBIM BHAIOMOM AUCKPETHOrO PACKpeNeNecHr? BepogTHOCTE! JIA ONE-
TOB ¢ PABHOBEPOATHHMHA HCXOJAMH.

IIpumep 7.1. CB X, sapamomasicd NOrpemiHOCTBIC DPROJIKEH-
HEIX BEINHCIEHHH KAKEX-THOO0 NMapaMeTpoB NP OKPYrieHHu Ao Gawxall-
IHX NEJBIX 9ACER, YOBIETBOPHTENbHO ONMHACHIBAETCH paclpefeienHeM
R(—1/2;1/2).

7.2. BxcnoHeHNMaNBHOE pacnpelelleHRE.

Onpexneaerne 7.2. CB X wumeeT sxcnoxenyuaavmoe (noxase-
meavoe) pacnpedesenue ¢ mapamerpoM A > 0, T.e. X ~ E(})), ecam
(pmc. 7.3)

_ | e A=, z>0,
f(‘“)"{ 0, z<0.
CBoficTEA KCMOHEeHUAANLHOTO pacnpefenenms E(})

1) Oynxuus pacnpegenennst CB X ~ E(A) pasua (puc. 7.4) F(x) =
=0,ecoun z<0,u

E 4 €=
F(z) & I f(t)dt=l ggzljg‘o " =Afe"“dt= 1—e™, z20
—Da ]
2) Xapakrepuctavueckas dyukupsa CB X ~ E(A):
400 ) +eo .
g(t) é I eﬂ::f(x)dm =X I e—a\zest:n dr =
—0 0
+oo ‘ ‘\) \
_ wtmA) g, O =
'AJP’ do = st—)« 2=0  A-~it

o
3) Hattnem MO n gucnepcrio CB X ~ E(A):

mx = = 9( )I ’t)z

2

= (t) ( X - ‘t)s

=0
=uy— _i
dx—vz Vz—,\
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3ameuanne 7.2. DKCIOHEHIMANLHOS PACTPEACHCHAS ARNAETCS Of-
HAM W3 OCHOBHBIX pacnpelesieHAll, HCIONb3YeMbIX B TEOPEN HAACKHOCTH,

17@ A
2 [ foesernsrrnreesmmarasraressorssararzzs

=Y

=
ny
=

Puc. 7.3 Puc. 74

Hpumep 7.2. llpogorxmrensEocTs Ge30TRazHON paBOTH MHOTHX
TEeXHHIECKUX YCTPONCTE, A TAKIKE BPEMsL BAJEPOKKH BHLIETA CAMONETA N0
BHHE TEXHEYECKHX CRYXKG a3ponopTa yAOBIETBODHTENBHO OMACLIBAIOTCA
COOTBETCTBYIOMAMA SKCMOHEHIHATHHLIME DACIIPEISICHNIM.

7.3. HopmanbHoe pacnpejejieBHe.

Onpezenenne 7.3. CB X mnmeer wmopmaannoe (2ayccoscxoe)
pacnpedesenue ¢ napamerpamu m 1 o2 >0, r.e. X ~ N(m;o?), ecn

Y
1@) = S o {- 20},

4 £(x) my>m
% >0,
—y -
0 m . my x
Pnc. 7.5

Tpw srom CB masmbaeTca wHopamanvrott {eayccoscxodl). ['paduk
IUIOTHOCTH HOPMANBHEOTO PacnpeaeneHns (puc. 7.5), Haspiraemuilt xpusod
Iaycca, nMeeT eAHHCTREHHBIR MAKCAMYM B TOMKe I = 71.
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CeoitcTRa HOpManbHOoro pacupemeneams N(m;o?)

1) Haéimem Bmpaxemne zns yrxngn pacnpefenenua CB X ~
~ N(m;0?):

F(z)2 [ fleyde = o= j exp{-(t;a';‘)z}dt=

=2tz m g =L -—_1__—'_ -¥*/2 gy o I—""'-)
N )

W
3nech BBeseno obosmavenme P{y) = _v”1= I e~*/2dt ann ywxmun

2x oo
A PaCHpeAeIeHus cmandapmuot
) B sopmansrott CB X ~ N{(0;1).
T'padux ¢ynxims pacipeseneHas
0,5 F(z) npencrasnex Ha puc. 7.6.
Buecro @(y) B cupaBouRwkKax
/ BCTpeYaercsl  Takme  Pynxyus
o m »  Janaacs
X
Puc. 7.6 A 1t _ap
nec, | 3 -t ,
To(y) & —= ;[e dt

Jlerxo ybemuthes B ToM, uro Bo(~—y) = —Bply) u B(y) = 1/2 + Poly).
2) Xapakrepucruzeckan yaxuuz CB X ~ N(0;1) umeer sug g(t) =
= ¢t'/2 Jieticrsurensro,

+oo
1 -z i
o) = = | %€ dz = [Kboprymm Stnepal =
-0
1 +oo s’, t +oo 2/2
_—— —z°f2 — -~z : =
=7 I e ooatzdz+m I e sintz dz
-0 -0
gintz, — HevueTHaS 1 +o
= e**/2 — yeruas =ﬁ I e~ % 12 otz d.
TpeAEsNBI CHMMETD. T oo
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Hpnuenxa METOA, HHTETPHPOBAENA IO JACTAM, HMEEM

4o
git) = """"/'——=W ] ze~* Pgintzrdr =
—co
+o0
. ~z?f +ea -z /2 =
=——le sintz| - costz dz| = ~t g(t)
el T renead

Pewman 3to auddeperunansnoe ypasnenae € PasgenmIONHMHCE TEpEMen-
HWMH DPH HawaxbHOM ycioswy g(0) = 1, Haxompum In g(t) = —t2/2.
Paccmorpum CB X ~ N(m;0?) . Toraa nopyuposannas CB xe &-m aX-m -~ —
HMeeT HOpManbHoe pacnpegenenne IN(0;1) u, cregoBaTensho, XapaxTe-
prcTRYeCKyI0 pynkmuio g(t) = ¢~*'/2. Janee, cornacko croficrsy 4) g{t)

A CB X 24 )} +m umeem
ax(t) = & 9;(0t) = explitm — 262/2).
3) MO u gucnepcust CB X ~ N{sn; 0?) pasum

1d im ~ to*)
my =1 = ;-&;g(t)l = -(——exp(ttm . 2/2). . = m,
£=0 t=

1 .
= t'*’ dt* g(t )[ = ;5[—- a2exp(itm — 262 /2) +
2 2
+ (im — to®)%exp(itm — t’a2/2)] L:o = —9—1}"1- = 0% +m?,

dx =y — i =0,

B pannoM caysae MO moxnao Guinmo 6m HafiTh npoine, BOCHONBE30-
BABIINCH 9) x , TRK KaK I'Pa(pHK IIOTHOCTH BEPOTHOCTH HOPMAJLHOTO
3AKOH& PACEpENe/eHRS CHMMETPRICH OTHOCHTEHLHO HpaMolt = m.

4) C noMomp10 JHEEHEONO MPeobpasoBANNs x4 (X —m)fo nopmans-
Hoe pacupeaenenne N(m;o?) nepexomuT B CTAHASPTHOE HOPMANLHOS
N(0;1) ¢ bynxumedt pacnpenenenus Fi(z) = &(x).
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5) Hopmansuo pacnpenenennas CB ¢ 6onbinoi sepoATHOCTHIO NPHHHE-
MaeT 3HaYeHRd, Oiskne k ceoemy MO, uTo omuchBaeTca <npasusom K
CUuam»:

0,6827, k=1,
P{|X — m| € ko} = So(k) — Bo(—k) = 2Bo(k) = { 0,9545, k=2,
0,9973, k=3.

Sameuwanue 7.3. Hopmanbuoe pacupemeienHe HMeeT HIEDOKOE
PACOpOCTpaReHne § NPUKAAMHBIX 3aJa¥aX. JTO CBH3AHO ¢ TeM, HTC B
DPEaJBHOCTH MHOTHE Accneayemble CB ABnaioTca creacreaeM Pa3ABTHEIX
cydedtHrix cobpTril. B 4acTHOCTH, MPU KoCTATOYHO O0NINX MDEITONOXKE-
HHAX cyMma Gompwmoro yucna mezasEcuMux CB mmeeT pacnpefelieHne,
6nmsKoe K HOpManbHOMY {CM. Teopemy 14.2).

Ilpumep 7.3. Pocr mogeii Xopoilio ONECHBAETCH HOPMAJIBHEIM PAC-
npeaenendem (cM. 2amaum 16.2 ¥ 20.4). BT0, NO-BHAHMOMY, CEAZAHO C
TeM, YTO Ha POCT BJHAET CYHEPNOZULMSA DA3HOOODAZHEIX HE3ABHCHMEIX
CHyYaltHBX (HakTOPOB: KIHMATA, SKOJOTHH, SKOHOMHIECKHX YCaoBuit, 6o-
nesnelt u T. 1. Xora, koReuno, «Geckoneano» Gonpnme moxy (BeIMKAHEL) 1
«BeCKOHEHO» MANEHbKHE MIOAH (FHOMDI) GLsaloT TONLKO B CKasKaxX. To
TOBOPHT O TOM, YTO «XBOCTH» WCTHHHOrO DACIPENENeHMs POcTa Jmomeli
OTIUYAIOTCH OT HOPMAJBHOIC PACHpeieseHus.

7.4. PacnpeaeneHue BeliGynna.

Onpenenenue T4, CB X umeer pacnpedescrue Beidbyana ¢
napasempamy o B A, vne a > 0 m A > 0, ecnu MIOTHOCTE HMeeT BUJ

(pre. 7.7)
_f arze—le=2" g0,
fx(z) = { 0 z <0.
f S
axi Ol
| > o0 .
Puc. 7.7

Caofictsa pacnpepenenus BekbGynna
1) Henmocpeacreennble BEMHCISHNS MOKA3HIBAIOT, 9T0 (pHC. 7.8)
F. . o
s 1—e z20,
Fy(z)= l Fx(t)dt = { 0, € ' i 0

—0o0
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2) lpusenem bopmynnt s MO n qucnepcun:

i er(£2), g xe(20(2) - S [r(2)])
+o0

e I{x) 2 J e~ ldt — 20mma-gyrxuus, 3AAYEHHS KoTopoll 3a%a-

0
I0TCH TADAMYHO.

4 Ao

a<l

a>1

2k

Pnc. 7.8

3) Ecm a = 1, 1o pacnpefeneHue Be#ifynna npespamaercs B
IKCHOHEHIMAILHOE PACIPEIEIeHHE C MOKASATENEM A.

3amevanue 7.4. CB, umeroman pacrnpegenenue Belibynna, scTpe-
YaeTCH B 384844X HAJEXKHOCTH NPH OUEHKE BpeMeHu OezoTkasnolt paboTsr
nprabopa.

7.5. JlorapadMHYecKH HoOpMallbHOE paclpelelicHAE,

Onupesenenne 7.5. CB Y 2 X, rie X ~ N(m;02), umeer
A02aPUPMULECKY HOPMAAbroe (A0ZHOPMANDHOE) pacnpedeserue ¢ Hapa-
MeTpaMe i u a2 > 0.

Tak xak ¢ — CTPOTC BO3PACTAIOMAS (YHKLMA, TO YIHTHIBAA
BHpadKeHHe JJISi TWIOTHOCTH HODMAJIBHOTO PACTIDEAENIEHHs, HAXOTUM
IUIOTHOCTh JAOTHOPMAJILHOTO PacHPeieNeRus:

Frly) = Ix (W) = " W= " -

= yoi/Z_ﬂ'
0, y<0.
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Tpaduk dysxmn fy(y) (puc. 7.9) ACHMMETPHYEH ¢ MAKCHMYMOM B
TOUKE ¢ = et
Hatgem MO = aucnepcuzo CB Y. Ilo onpepenennio

—fngem? 3aMeHA TEPeM.
M[Y] = I =T dy = y= eolt+e)+m “ =
0
= em+o=/2 T e“‘2f2¢£t — emw!l/g.
var
—oa
4 /&)
i
! .
0 em-u'. ‘ E:

Puc. 7.9

Ananorngno Moxno Hatite M[Y?] = X

DIY] = MIy%| - (MI¥])” = &+ (e - 1).
3ameuarue 7.5. JlorHopMmansHOe pacnpefeneHHe WMEET DIHPOKoe

PaCTpOCTPAHEHNE B PKOHOMAYECKOH CTATHCTAKE, CTATHCTAYECKOMN (ru3nKe
n 6ronorEd.

*+m) | Tlosromy

T.6. Tunossle 38494,

3agaua 7.1. Cnyualinaz semuumna X ~ R(0;q), P{X > 1/3} =
=1/3. Hattru a u M[X?].

Pemenue. Nsobpasus rpadux mnioTHOCTH BepoNTHOCTH fx{z),
HETPYAHO BLIMMCHUTH BepostTHocTs P{X > 1/3} xak cooTBercrByiomyw
mwiomany. Paspeinan ypasHeHue

1 1 1
s(e-3)=3
OTHOCHTENLREO a, noitydaeM, yro ¢ = 1/2, Henonpays remeps dropuyns

MBTEMATHYSCKOTO OKHASHUA ¥ JECHEPCHH JUIS PABHOMEDPHOTO pPacnpene-
aeana R(0;1/2), sorumcnsiem

MX]=3, DIXl=7 5=z
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Haxonen,

[~

M{X?] = DIX] + (MX] = 3 +

1
81

=N
Sl

Orser. a=1/2, M[X?] =1/12.

3agava 7.2. Cayuaiwast pemwauya X ~ E(10). Beruucants

P{X > 100X > 10}.

Pemenune. BocnonsayeMcsl orpeicNeHHEM YCIOBHO! BEPOITHOCTH:

p K{x > 100} - {X > 10})
P{X > 10} )

Tlockoneky {X > 100} C {X > 10}, ro {X > 100} - {X > 10} = {X >
> 100} . CreuonaressHo,

P{X > 100X > 10} =

PiX > 100}

P{X > 100}X > 10} = PX 510}

B usciATeNe B 3HAMEHATENE NepefifeM K NPOTHBOTKVIOKHEIM COOLITHAM.

BeposrrocTa 3TAX cobuTht HaligeM, HCROMbL3YR QYHKUMIO pacnpeaesie-
HEA IKCNOHEHIMANILHOPO 3AKOHA,

P{X > 100} = 1 — P{X < 100} = 1 — Fx(100) = ¢~ %100,

P{X > 10} =1 - P{X < 10} = 1 - Fx(10) = 101,
Taxum obpasoM,

—1000

000
P{X > 100|X > 10} = £ = ¢™%0 = P{X > 90}.

e—100

Ormer P{X > 100|X > 10} = P{X > 90} = %,

Sagaua 7.3. Cayuaitnas pesmauna X ~ N(10;20). TIpk xaxux A
PABEHCTBO

P {|x - M[x]| < hy/DX]} = P {|x ~ MIx}| > hy/DIX]}

Gynmer Bepuo?
Pemenue. ITycts A= {[X —M[X}| < h\/ﬁrx_]} , TOT/Ia

A= {|x - Mix)| > h/DIX},
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A MOTOMY BMeeM
P{IX—— MIX]| > h\/'DT{"]} =1-P {[X — M[X]| < h\/lﬁ}.

Beposroers P{|X ~ MIX]| < hy/D[X]} cornacro ceoitcray
5) N(m;0?), MoxeT 65ITh BHMCIISH ¢ ITOMOIIEI0 dyHKUKH Jlamnaca:

P {|X — M[X]| < h\/D[X]} = P {]X — M[X]| < ho} = 284(h).

Taxum obpasoM, HCXONHOE YPABHEHHE CBOKHTCA K BIAY
2@0(’1) =1 2@0(}!),

orxyaa Bo(h) = 1/4. Ilo Tabmuue 1 dymkupm Jlamnaca {crp. 216)
HaxonpM h 2 0,675.
Orpetr h=0,675.

Samaua 74. Ecm cobmogaerca rpacdhnk RBHXKeHHS, TO CpeqHee
BPEMST OXXHJAHUS HACCAXKWPOM TpaMeas pasho 3,5 munyTh. HasecTno,
YTO BpeMS OXKHJAHHA HMEeT PABHOMEDHEI 3aKoH pachpeneneHrs. Mu-
HHUMANBHOE BpeMs okHNadms papHo . Haitrs seposATHocTe TONG, 4TO
naccaxup OyZeT 0XKHIATh TPaMBaii OT OBYX 4O NATH MHHYT.

Pemenue. O6osnaunm Bpema oxumamusa Tpambad depea X . Co-
rnacwo yonosmo 3agauH X ~ Rfa;d), rae a = 0, a M[X] = 3,5.
Halizem napaMeTpPH 34K0H& PACTIPeAeTeHAs], PEIIUE CACAYIOULYI0 CHCTEMY
yDaBEenHit:

M(xX] = £E2 =35,
a=0.

Ilomygaem, 9T0 BTOpOl mapaMeTp 3akoHa pacnpeneachus b = 7. Toraa

P{2€X$5}=jf(w)dx,
2

e

f(z)___{ 2 el
0, z¢][0,7].

Tlonyyaem
P{2< X <5} =3/7.
Orper. P{2 X 5} =3/7.

3axzaua 7.5. Bpems pemonrta @ oBCHYRHUBRHHA ABTOMOBHIIA TOCHS
OonfIol HoesnKn coyzaliHo H HMeeT SKCOOHEeHIHANBHEIN 30K0” pacnpenene-
HAA. Buuio 3aMeyeHo, WT0 B TEKYIMEM Ce30He Ha PeMOHT H obcny kusaHne
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apTOMOGRIIA MOCKe OZHOR NOEIAKY TPATHIIOCH B cpepHem § umuyT. Haldtra
BEPOATHOCTE TOTQ, YTC MPH OYepeAiHoll Doe3AKe 3TO BpEMs He NPeBHICHT
30 MunyT.

Pemwmenne. Ilyete X — Bpema peMOHTa H OGCHY>KHBAHHS ABTOMO-
6unst nocse oppoit noeszku. Ho ycnopwio samawu X ~ E()) z M[X] =
= 5, ITo dopmyne cease M[X] u A\ nonywaem, uro M[X] = % = 5.
Orciona maxomam A = 1/5. Tpebyerca matirn P{X £ 30}. Ilnorsocts
BeposTROcTH CB X mnMmeer B

1 25
f(z) = 5e , >0,
0, 50

ChnenoBaTensHo, IoXydacM
30 1 —z/5 —z/5 30 ]
P{XSSO}:JEe dg = —e 0=1—.‘3 .

[}

Orper. P{X €30} =1-¢7%,

3azaua 7.6. Pocr B3pocioro My>K4YnHE yLOBNETEOPUTENLHO QIHCH-
BBETCA HOPMANLHbIM 3aKOHOM pacnpefenehus. [Io CTATHCTHKE CpemHi
pocT cocTaBygeT 175 cM, B CpPeSHEKBAIDATHYECKOE OTK/IOHEHHE PABHO
7 cm. HaltT 8eposTEOCTE TOPO, TT0 POCT HAYTRZ BIATOTO MY >XIuHbI OyaeT
OTANYATLECA OT CpeAHero pocTa He Donbine vieM Ha 7 cM.

Pemerue. O603Ha9MM DOCT HAyraf BastOro B3POCIOre My»KIHHEL
gepez X. Io ycmoewio szagaum X ~ N(175;49). Tpebyerca Haiite
P{|X — M[X]| € 7}. Tak xak martepsan (M[X] - 7,M[X]+ 7) cmu-
Mmerprier oTHocuTenbHo M[X], To

7
vDIX]

O rBer. Hckomas BeposTHOCTE NpAbGAMIETENEHO paBha 0,6826.

P{|X — M[X]| < 7} = 2&, ( ) = 2®,(1) = 20,3413 = 0,6826.

§ 8. 3agaum A5l CAMOCTOATENBHOIO PeLIeHIs

1. Qyprrmus pacnpenenenus CB X nenpepwisma. Moxer am CB X
6niTe gHckperHolt CB?

2. CB X upuuuMaer ipa suaverns —10 u 10 ¢ BEPOATHOCTAME 1/3
7 2/3 cooreercreenHo. SIBnAeTcH MU OHa HenpephHo# CB?
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3. CB X upxumMaeT TOLKO ABA PA3AWIHBIX 3Ha4eHMT & (a > 0) n

—a ¢ pepositaocTsio 1/2. Bepuo mm, aro M(X] > a 1 D[X] < @®?
4. 3akoH pacnpefencHus cayvalinoft Benuuuust X BHIMAAJHT CleAy-
omam obpazom (cM. Tabm. 8.1).

Ta6nuna8.l IlocrponTs pame pacopeneIeHns
X o510 Jos] 1 |15 H HANTH MATEMATHYECKHE OXH-

HIg CHSUYIOIMX CaydaliHbix
Pl ot [04[01103[01] Sommumn

@) Y=10X~1; 6)Y=-X2;, 6)Y=2X

5. CB X ~ Bi(4;1/3). Halitn saubonee u HamMeHee BePOSTHEIC
3AaveHHa X .

6. CB X ~ Bi(n;p), Y ~ H()). Cpasuuars M[X]-D{Y] n M[Y] x
x D{X].

7. CB X ~ Bi(8;1/3), Y ~ II{1/3). BLuaHCnUTL Pa3sHOCTL MEXKAY
Hanbosnee BeposTHBIME 3HaueHnaMu CB X n Y,

8% Oma CB X n Y 3azaus paau pacnpeneaenut (oM. Tabn. 8.2 u
8.3).

Tabanua 8.2 Tabnanua 8.3
X -1 0 Y| O 1
Pli12]1/2 Pli2l1/2

Haitru Bce z, gy xoTopmx cmpaBegupo paserctso Fx(Fy(z)) =
= Fy(Fx(z)).

9. CB X ppaumMser TONBKO APa PA3MHUHLIX 3HavueHHd 1 m -1 ¢
BepoaTHocThIo 1/2. Boruuenurs Fx(1/2) u Fx(—1/2).

10. CB X ~ Bi(1;0,2). Kax pacnpegenena CB ¥ =1- X"?
11. CB X ~ Bi(1;1/2). Cpasurrre (M[X])? u D[X].
12. CB X ~ Bi(40,1). Hatiru Fx(-10).

13. CymecrpyoT 1 TaKHE 3aKOHB pacnpeAeleHHil JUCKpPeTHEIX

chydaliEaiX BeTHYMH, AXE KOTOPHIX:
@) AMCUEPCHA BCETAA MeHbllé MATEeMATHYECKOTO OXniaumd (Aas

moGHIX NAPAMETPOB 3AKOHA pacupegencHus)?
6) D[X] = M[X]?

14. CB X ~Bi(3;0.2) . Busmemams P{X > 0}.
15. CB X ~II(1). Hafira sanGonee BeposTHOE 3Ha9eHHe X .
18. CB X ~II(23),8 Y =1 ~ X, Bruncmurs Fy(2).
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17. CB X ~ II(M[Y}}, a CB Y ~ TI(M[X]). Cpasrars D[X]| u
D[Y].
18. Qyaxumn fi(z) n fi(z} BNAIOTCA WIOTHOCTAMH BEPGATHOCTEIH.

fenzerca mn byrxkunz fi(z) = (fL{z) + 2f2(x))/3 nnorroCTHIO BepOAHT-
HOCTH?

19. CB X ~ R(-1;1). Cpapurrs P{X < M[X]} » P{X > M[X]}.
Haitru P{|X — M[X]| < /D[X[}.

20. CB X ~ R(-1;0), a Y ~ R(0;1). Cpasuurs Fx(Fy(1/2)) n
Fy(Fx(1/2)).

21. CB X ~ E(1). Cpasenrs P{X < M[X]} # P{X < D[X]}.

22. CB X ~E(M[Y)), Y ~ E(D[X]). Hattra M[X], D{X}, M[Y]
x D[Y].

23. CB X ~N(0;1),a Y ~ R(0;1). Cpassums P{0< X <1} u
P{o<Y «<1}.

24. IlaTeamnare pa3 nogOpacHBANE TPH HMFpansiblx kocTH. IIycThb
cnydatinaa seaauua X — vAcao noglpackieawuil, IpH KOTOPHIX POBHO
Ha IBYX KOCTAX NOSBKJIOCE MO OFHOMY ouKy, OupefieNnTh 3aKkoH pacnpe-
ZenmeHns chydafiHolt Beamunnel X .

25. Ilocne moneTa caMoneT MPOXOART TeXHHYecKult ocMOTP H 0Bcy-
xuparne. “Tucno nencupasnocreli, COHAPYIKEHHBIX BO BpeMsl TEXHHYECKO-
ro ocMOTpa, pacupefenserca no saxony Ilyaccona ¢ mapamerpoM a = 1.
Ecmu meucnpapsocTeilt Me ofHapY:XeHO, TO TeXuwdecKoe obCnyXKHBaEHE
HpOAODKIETCA B CPEAHEM ABa uaca. Ecnu obHapyXeHL OfHa WM Ipe
HEHMCIPABHOCTH, TO HA YCTPaHeHMe Kiokaofi H3 HMX TPATHTCH €lue Io
noruaca. Eca ofHapysxeno Gonbime OpyX HEMCHPABROCTeH, TO camoner
CTABHTCA Ha OPOMRAAKTHYECKHH DPEMOHT, CJe OH HAXOOUTCH B CPeaHEM
yernipe 4aca. HaltTu 3akor pacnpegencnus cpeppero spemens T nociie-
NGETHOTO OGCIY X KHBAHHA U PeMOHTA CAMGETa, & TAK)KEe MATEMATHYECKOE
CKHOAHHE BpeMeHH nocienoieTnore obenyxusannus. Iloctpouts rpadux

$yHKIUR pacnpeneieHns.

26. B cpexpmes Kaxupil propolt asroMobune BATD criocober npoitti
nepssie 10 THC. KM Ge3 Ccepbe3HHX NMOMOMOK, TPebyiouix rapaATHIHOTO
peMoHTa. OpraHuzanud, TOPryioual SBTOMOOHNAMH, 3AKAIOTHAS JOTOECD
C aBTOCEPBMCOM Ha TApauTuilHoe obcayKnBaHne IPOAAHHBIX ABTOMOGH-
nett. Cormacro ZOroBOpY, OPraHW3aluMs BHIEavMuUBaeT ceppucy 10 ThIC.
pybaeit no dakty xexporo obpamerns. [Tocaenyomee rapantuiinoe ob-
chy:kupade Geper ua cefa cepeuc. ITpuGuHne KOMIOAHUH OT HPOAAXKH
ofHOro ABTOMODWIA cocrapnser 15 Thic. pybuaeit Gez yuyera orumcnenwi
Ea rapagTHinedt pemont. Jath oTBETH HA BOIPOCH:

a) Karopa cpeuss npuGuiii, KOMIAHNM OT HPOMANKH HECATH SBTOMO-
Guneft? _
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6) Kakoe MHHEMANBHOE XONHYECTBO ABTOMOOHIIEN HYXHO TNpOKATH
ODraHU3AUMM 33 Mecsl, YToOH Cpemuss MecsaHas nprbbum (¢ yuerom
BHOAAT N0 rapaHTHR) OulIa 66l He HHke 300 Thic. pybneii?

8) Kakopa nanfonee BepoAiTHAR OKOHUSTENbHAS MPHOLIIL KOMITAHKH
(¢ yyeTom BHIAAT o rapaHTHM) OT npogaxky 10 azToMobuet?

27. Y TOproBoro areHTa MMEETCA NATh AJDECOB IOTEHIRAIBHBIX
nmoxynarenelf, K KOTOPLIM OH 00paINaeTca Mo CHHCKY C NpefiIoXeHueM
npuofpecry peasmayeMulit hupmoii Toap. BepoaTHocTs cornlacas moTeH-
NMANBHBIX DOKYNATeAeH olleHABaeTCA cooTBeTcTBeHHO Kak 0.6, 0,4, 04,
0,3 u 0,25. NoxkynaTens NIPUHEMAIOT PEHICHME O TOKYNKE TOBApPA Hesa-
BHCHMO BpYyT OT Apyra. AreaTr obpamaercs K HEM B YKa3&HHOM IHODAIKE
OKa KTO-HAOYAhR ¥3 HEX He corvtacurea npuobpect ToBap. CocraBmtd
pan pacapegeneuns CB X — ymcna nokynarenelf, K KOTopsM 0OPATHTCA
aresr. Haitry MaTeMaTHYeckoe OXKHABHHE ¥ JUCTIEPCHIO ITON BEJIHIHHEL

28. 3aaexu, pacchiaemuie hupMoit, YIOBNETRODAIOTCH MPHMEPHO B
30% cnyvaer nesasucnmo Apyr ot Apyra. $upma pasocnana 200 sagBok.
Haiirn:

G) MATEMATHUYECKOE COKHAAHNE B JACTIEDCHIO THCAR YAOBIETBOPEHEEIX
sanBok X ;

6) P{X = [mx]}, rae [-] — nenas sacts uncra.

29. Cnyuaitneny o6pasoM U3 KOTOIH KApT (36 KAPT) MOCTEOBATENEHO
BHIKJIBALBAIOT Ha CTOM Kaprel Numesoft cropoHo# BBepx. Ha xaprhi
nepBoil KOMOLLL TAKHM Ke 00pa3oM KAAIYT CBEPXY KAPTH BTODON KONOIH
(36 rapt). Haltra cpeapee gmcno copnafieRmil XapT pepxhell B HmxHeld
KOIOXBI,

30. BepogTHOCT: TOTO, 9T0 NPH TPEX HEIGBHCHMEX BHICTPENIAX CTpe-
JOK NMOMARET B OeNb XoTd OWl ogud pas, pasHa (0,992, Haktm mare-
MATHYECKOe OXKHJAHME M JUCIEPCHIO YHCAA NONARAHHNE TPH ABAIIIATH

BHICTpETIAX.

31. Jlorepes 3aKaI04Y3eTCA B POSHICPHIIE TPeX HOMEPOB M3 UIECTH.
Hopsazox BpimafieHws BHIETPHIMHEEX HOMEDOB HeRarkeH. BHIMTrphln npm
¥raJiHIBEaHHR OJHOTO HOMEPa M3 Tpex cocTasasAer 20 pybaedi, ABYX HOMepoB
u3 Tpex — 100 pyburelt, Beex Tpex HoMepoB — 500 pybneit. Hafiru cpemuntt
BHMIPHIN IPH NOKynke oaaoro Gmnera morepen. Ilocrpours rpadmx
$yHKIER pacnpeAecHAA Pa3Mepa BHIMTPLINA.

32. Heobxogamo mcciegoparh 10 Teic. mpoS pyau. BepoarmocTs
TNPOMBIDLICHHOTO CONEPKAHHA METAJLIA B Kackioft mpole pynsl paBHA
0,2, OnpeneATh MATEMATHYECKOS OKHIAHHE M CPEIHEKBAAPATHISCKOS
OTKJIOHEHHE YUCIA Ipof ¢ MPOMBINLICHHEIM COICPIKAHHEM METANIIA.

33. IInormocts pepoaTHOCTH cAyqaiinoft BemmumH X EMeeT caemy-
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1,0,
flz)= { s_ {1 2}1

B OCTAJIBHEIX Cyvadx.

oyl BHx;

Haittu h, ¢pysxkmmo pacnpepenenua F(z) CB X, M{(2 - X}{X - 3)}
u D[2 - 3X].

34. Crasnor-aBTOMaT M3IroTaBNEBaeT BanukH. KonTpomupyerca Hx
AraMeTp X, yAOBNETEOPUTENLHO ONMCBIBACMEIN TayCCOBCKHM 3aKOHOM
PACUDPENETeHHA ¢O cpenuprM 3HaveuneM m = 10 mMm. Karoro cpegiexsa-
ApATHYECKOS OTKAOHEHHE HHAMETPA BAJMKA, €ClU ¢ BepofrHOCTHIO (0,99
OH 3aKumoyen B unTepsane (9,7, 10,3)7

35. Bpems X Gesorxasrolt pafoTH CTAHKA HMEET IKCNOHEHUMANLHOS
pacnpeaeienne. BepoaTHoCTE TOro, 4TO CTAHOK He OTKAXKET 3a H Jacom
paboTtw, pasra (,60653. Haru M[X], D[X], M[X?].

36. Caywaithas semaauta X HMeEET TayCCOBCKOe pactpejelieHue
BepOATHOCTEH €O cpexuuM 3HAYeHHeM 25. BBIYHCAMTE BepOATHOCTH
nonaganng 3roit CB B nnTepsan (35, 40), eyt oHa NMonaRaeT B UATEPBA
{20,30) ¢ BeposTHOCTRIO 0,2,

37. Haittu p-keantuns pacnpenenernas R(a;b).

38. Ecam f(¢) — mnorHocTe BepoATHOCTH, To HymeT au dbyHKUHA
Ff(—z) nnoTHOCTEIC BeposTHOCTH?

39. CB X ~R{(-1;0),a ¥ ~R(0; 1) Cpapauts Fx({fy (MIX])) n
Fy(fx(MiY])).
40. CB X ~ E(1). Bawucmnrs P{0 < X < 1},

41. CB X ~E(1). Cpasunts Fx (M[X]) # fx(M[X]), Fx(-M[X])
u fx(—M[X]).

42. CB X ~ N(0;1). Burumcanrs M{X?].

43. CB X ~ N{2;1). Cpapmurs P{X < M[X]} u P{X > D[X]}.

44. CB X ~ N(m;e). Boraucnurs Fx (M{X]).

45, Oyrxupsa pacnpeseneaud CB X umeer npn

l—e™22 20,
Fe)={ g7 228

Hatirrr M[(X — 4)(5 — X)], P{X < M[X]} n D[3 —2X].

46. IInormocts BepoaTHocTr CB X umeer sun

y TE|01]
s={ 5 zsld
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Hatttu koncranry ¢, M[X], D[X], P{0,5 < X < 2}. IToctporTs rpadux
dynkuuu pacnpenenenna Fx(z).

47. 3agamu gse CB X ~ R(0;1) » Y ~ E(1). Cpasnkrs
BEPOSTHOCTH TOTO, YTO KAMAAS U3 HHX M MPEBHIIAET IO MOIYIIO 2,

48. CB X nMeeT WIOTHOCTH BEPOATHOCTH

Kaxoea BeposiTHOCTL Toro, uTo X mnomager B murepsan (0,12) 7 Hemy
paBeH BTOpoil HavanbHbIl MoMenT oot CB? Hatirn D[5 — 3X].

49. Wzpectno, wTo cpenHee Bpems C3KHAAHMA OUePEIHOTO MOKYTATE-
N, NoJoImemmere K Kacce, paeao 0,2 MuHYTH. Bpems ookMEaHHA KaccH-
POM OYEPELHOTO MOKYIATENA MOKHO cunTarh CB, umeiomeit noxasaTess-
uult 3axoH pacipefiencius. KaccHpy HYXKHO CMEHHTH JIEHTY KACCOBOTO
annapaTta. Ha 310 emy Tpebyerca nBe MunyTul. KakoBa BepOATHOCTL TOIO,
YTO 3a 3TO BpeMA He obpasyeTca ouepenp?

50. ABTOMAT US[OTABJIHBAET WAPHKA Wi mopwmamaukos. IIlapex
CYRTACTCA NPHHATHM, e OTKIOHeRMe X AMaMeTpa DIAPHKA OT 3a/aH-
HOT'O pa3Mepa 1o abcomoTiol BenuynHe MeEsmme 0,7 MM. CB X mMoxHO
CUHTATL ROPMAJEHO PACHDEIENeHHOR ¢ HYJNEBRIM CPeAMHM M CpeiHEKBa~
ApaTtugeckaM oTknoneEnem ¢ = 0,4, Cxonbko B cpepmem OymeT IOMHBIX
maprkos 13 50 H3roTOBNEHHBIX?

51. CB X ~ R(-1;8). Hairn 'i'oqu, B KOTOpOH (byHKHEA paciipe-
AencHMa paeHa 1/3.

52. CB X umeer QyAKumHIO pacupeaencHus

1-1 b 31’
F(-’f)={0, /* :<1.

Hattitn @, pas koroporo P{X > a} =1/3.

53. Hailiti p-xBamTmith SKCHCHEHNHANLHON 38KOHS PAcIpele/IeHAs
€ mapaMeTrpoM A.
54, PDyuxuua pacupesenenusa uenpepuishofi CB X onpemensercs
cdopmymoit
F(z) = ¢+ barctg %.

Haitrn:
a) mocrosHHEe @, b u ¢;
6) umorHocTs BepoaTnoctn CB X .



FTABA III

CIIVIANHBIE BEKTOPHI

§ 9. [IlsyMepHble ciy4ailinbie BeJMIUHBL

9.1. OyHKUMA pacnpenelieHHS.

Onpenenenne 9.1. Jeymepunm cayuaiinsim eexmoponm {uau day-
mepnott CB) Z & col(X,Y) Ha3LIBaeTCA BEKTOD, KOMBOHEHTAMH KOTO-
poro seasmorca CB X = X(w) u Y =Y {w), onpenenennnie #a ofpoM 1
TOM 3Ke IPOCTPaHCTBE ! eMeRTapHBIX COBrTHl w.

Ipumep 9.1. Ckopocrbh BeTpa B TeKymuH MOMEHT BDEMeHH B
KOHKpeTHOH TOIKe Ha IOBEPXROCTH 3eMIH MOXKHO IPEACTAEMTE B BHAE
geymeprol CB.

Onpenenenne 9.2. Oyexuma
F(z,y) 2 P({w: X(w) < z}{w: Y(w) <y} EP{X <2, ¥ <},

onpepesneHuas yna peex (,y) € R?, HasbiBaeTcH dynryued pacnpedeae-
nus gepymepuoit CB Z = col{X,Y).

IipuMmep 9.2. Ilycth onmT (G COCTOMT B OEHOBPEMEHHOM MOAGPACH-
BAHAHA JABYX MOHET. DJIEMEHTADABIM COOLI-
THeM OYAeM CUMTATEH TOICKEHHE YNABIIUX Ty xi. 3)
morer. Ilyers CB X{w) — wmcio Buinae- ' E
mux erepbops, a CB Y(w) — paccrosnnme
MeXRKy momeramu. B atom ciyuee X(w) -~
Auckpersas CB co savernamy &g =0, 71 =
=1, 22 =2, a Y{w) — mempepumnaz CB ¢
peammsanpamu 8 R!,

3mavenne (GYHKIME  paclpemexeHds
F(z1,11) pasHO BepOSTHOCTH IONANAHUA Pue. 9.1
Apymepuot CB (X,Y) B ksagpanr Dy
c PepmuHOR B Touke (Zy,y1) M CTOPOHAMH, DAPAIUICILHBIME OCHM
koopaunat (puc. 9.1).
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Cerofictna F(z,y) .
1) F(x,y) onpeaenena mns eex (x,y) € R*, Tax xak BepoATHOCTS
P{X < z, Y <y} onpegenena nas scex (z,y) € R
2) 0 < F(z,y) €1 ana scex z,y € IRY. To akcuome Al u colicTry
5)P mns moboro cobmTis smnonEsercs 0 <
24 £ P(A) € 1, nostoMy mo oupemeneHHIO
G &% F(z,y) e0,1).
e . 3) F(-'OO, y)=F(3‘:, _°°)=F("°°$ —00) =
e . = 0 ana Boex z,¥ € R'. Jeficreurens-
) Gp%)  HO, PACCMOTPHM CIEAYIONYIO NOCHENOBATENb-

ry *  HocTh cobbiTHH B, = {w: X(w) € —n}, rae
n=12,... Ilo ananoruu ¢ AOKA3ATENLCTBOM

ceofictsa 3) F(z) ycranaerausaeM, 910

Puc. 9.2 .
F(—00,y) < lim P(B,) =P(2) =0.

4) Fy(y) = F(+o0,y), Fx(z) = F(z,+00) aus scex z,y € R', rae
Fx(y) u Fy(z) — ¢ynxunu pacnpegeneaus CB X u Y cooreercreenno.
ST0 CBOMCTBO MOXHO YCTAHOBHTBH, Cejyd JOKA3aTENLCTBY CBOKCTBaA
3) F(z), tak kak {w: X(w) € +oo} = {w: V{w) € oo} =

5) F(+00,+00) =1. B cany csoiicts 4) F(z,y) u 3) F(z) umeem

F{+o00,+00) = Fx(+o0) =1.
6) F(r,y) — MOHOTOHHO HeyOMBAIOIIAS O KAKIOMY H3 APTYMEHTOB.
Tak ona Az > 0 nmeem
Fz+Az, ) AP{X <z + Az, Y <y} =
=P{X £z, YSy}+P{z< X gz + Az, Y <y} 2 Flz,9),
MounortoasocTs F(,y) 1m0 § AOKA3BIBAETCH AHANOTYYIHO,

7) BeposaruocTe nonajauus CB Z B npsMoyronsauxk D = {z; < z §
< %2, 1 <y < yo} paeua

P(D) = F(xﬁ&yﬁ) + F(xlayl) - F(zhm) - F(z2l yl)l

rme F(z;,y5), 4,7 =1,2, — Bepoarroctn nonagssus CB Z s KBaspanTHI
D;; ¢ coorBercTylommmn BepumHaMu (%, 95), 6,5 = 1,2 (puc. 9.2).
IIpexcrasnum KeaapauT Djp; TpeMa cnocofaMmu B BEIOe CyMMbl HElepe-
CEKAIONTHXCA MHOXKECTD: :
D23 = D+ D12\Du1+ D21, Daz = D+ Da\Dn + Dya,

Das = D + Dyo\D11 + Dyy\Dn1 + D11
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Torza ne dopMmyne cnokeHus pepoATHOCTER MMeeM
P(Dp;) = P(D} + P(D12\Du1) + P(Da),
P(D3) = P(D) + P(D21\D11) + P(D12),
P(D33) = P(D) + P(D12\Du1) + P(D21\D11) + P(D11).

W3 nocneguux XBYX PaBeHCTB CNEAYET, 4TO
P(D12\D11) = P(Dy3) — P(Dyy ).
Ilomcrasmas 910 BHpPaXXeHHE B NEPBOE PABEHCTEO, nonyqa.eﬁ
P({D) = P(Dsy) + P(D11) — P(Dy2) — P(Da1).

Ho P(D;;) = F(=i,y;), i =1,2, j = 1,2. TlogcTannss AaHHLE 3Ha%eHNHs
dbyakmun pacnpezenenna F(z,y) B dopmyny gna P(D), npuxozaM x
TpelyeMoMy YTBEDXKACHHIO,

Ecmn dyrxomua pacnpenenerns F{z,y) aenpephiena, TO A0KA3aHHAS
dopMyna BepHa H Jus 3aMKHyTOro npsmoyronsiuka D = {z, € = €
<22, ¥ S ¥ < Y}

Onpenenenne 9.3. Hpymepnas CB Z = col(X,Y) nasmsaerca
ducxpemotl, ecmz CB X m Y auckpersnl.

IIpocreitmumM cnocoboM 3aMaHEA 3aKOHA pacHpelefieHusT THCKPETHOR
aeymepHoit CB Z seasercs rabnrua
pacrpenenerus (oM. raba. 9.1). Ta6nnua9.1

H
3necy Pis = P({X = Ig}{Y = X\Y { % ¥ o Ym
=yj})=P{X=$,‘,Y=yj}, i= &o Poo Por " Pom
= O’_n’ j = 0: m, Cc yOIOBHEM HOD- 3-1 Pio  pni e Pim
n m . . » . .
MHAPOBKH: Z Z pi; = 1. Qynxkupus 3;“ oo Bt i o

i=0 F=0
PacnpejieneHns HMeeT BT,

i "
Flz,y) =3 3 piiz — 2:)l{y — vy),
i=0 =0
roe I(') — eamum4Hne cryneavaThie GyHkupu (oM. onpeenenue 5.6).
Onpeacneune 94. CB X ¥ Y mHa3uBaoTca Hesasucumoimu,
eCIE
F(z,y) = Fx(z)Fy(y) nnascex ¢ € R,y e R,
Iycte Z = col(X,Y) — apcxpernas CB, r.e. X u ¥ — onomeprsie
gackperentie CB ¢ peanmmzalMaMB %p,...,Tp H Yo,--. 3 ¥m. MOXKEHO
noxazaTh, 90 CB X u Y HesaBHCHME! Torza W TONBKO TOTla, KOTHE

AT BCEX i=m; 3=0,m
P{X = z;, Y = y;} = P{X = 5;}P{Y =y}
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9.2. llnoTHOCTL pacnpenciIcHUAS,

Onpenenenne 9.5. HeoTpHuaTensHa® KYCOYHO HENPEPLIBHAR
dbynkmua  f(r,y) HasLBaeTCH NAOMNOCMM0 pecnpedesenu (naommo-
cmur0 eepoamnocmu)} xeymeprolt CB Z = col{X,Y), ecm

= ¥
Fayy= [ | flerdtar,
— -0
rae NCIONH3IOBEHA CHMBOIHYECKAR 3AITHCh OAA ,I[BOﬁHOI‘O HHTETPANA IIO

obmacty D & {t € z,7 € y}. Hpu sTom asymepuas CB Z nasmiBaercsa
Henpepuonod,

H3 maTemaTrueckoro aHAMM3a M3BECTeH (DAKT, YTO B TOYKAX Henpe-
puBrOcTE GynAkuur f(x,y) oHa PaBHA BTOpOH cMemamuol MpomsBomnol

bysxmmr F(z,y), Te:

flz,y) = _a’g;;y) i

Croitcrsa f(z,y)
1) f(z,y) 2 0 ana seex z,y € R'. Do BuiTexaer uz onpegenenns 9.5.

T3 ¥
2) P(D) = ](]f(w,y)dy)dx,me DE{zm o<z, n<y<m}.
1 M
o ceotictey 7) F(x,y) r onpenencamio 9.5 mmeem

P(D) = F(«"-‘z,yz) - F(mz,yl) - F(zl,yz) +F(3'1,9'1) é
rz Y2 Tz 3 P
2 [ (] fendy)da- f( | feway)dz— [ (| 29} dy)de+

+ (] reman)e=T(] e )as.
—00 =00 2

3) P(D) = _” f(z,y)dzdy, rae D — npousBONLEAA KBAADHDYEMAs
D

00N4CTD HA IIOCKOCTH R2. JokasaTenncTBo HPOBEeM ANA HENPEpPLIBHOH

F(z,y). Paccorpum Geckomeuso Maantit mpaMoyromsEuk AD 2 {z €
S X €2+Az,y<Y < y+ Ay}. Cornacno ceoficrsy 2) f(x,y) Moxno
BAIHCATH

z+az ytay n0 Teopeme
P(AD) = ] ( j Fe,mydr)dt =] ocpemmen [~ f(z,y)AyAx.
e v 3HAYEHHH




§9] OBRYMEPHHE CAYHARHHE BRAUMMHB 97

Taxkum obpasom, ayemedT BeposTrROCTH f(z,y)drdy c ToumocTeiO A0
feCKOHEMHO MAKEIX IIEPROrO NOPRIKA PABEH BEPOATHOCTH MONAKAHUS JBY-
mepiolt CB Z = col(X,Y) B Gecroreaso MAKI NpAMOYTOILHEK, HPHTAe-
TA0IKi K Touke (T, y), CO CIOPOHAMM, TADAJLIEALHBIME OCAM KOOPAMHAT.
Tak Kak Ksagprpyemyo obmacts D C R? MoKHO EpescTapuTs ¢ miobolt
CTeNEeHbI0 TOTHOCTH B Bijle OOLeMHEeHNA KOHEYHOrO0 YHCHAA HenepeceKa-
oupxest GeckonedrHo Manuix npaMoyroasunkos AD, To n3 akcuoMe: A3
caenyer dopMyna s pepoaTrocts nonagamua CB (X,Y) 8 D.

+00 +68
4} I J f(z,y) dz dy = 1, nockomsKy mo ceoitcrsy 5) F(z,y)
-0 =00
+o0 400
[ | few)dedy & Flaoo,400) = 1.
—00 —00

z +o ¥ 4o

5) Fx@) = [ ( | sewd)ee, R = | ([ fHarde)ar,

e Fx(x), Fy(;;o—“gyumun pacnpeieneHns C_BMX_: Y . Hanpwmuep,
no ceoficTay 4) F{x,y)

a2 +ea

Fx{z) = F(2, +0o0) = I ( J Fit.v) dy) dt.

—0G —O0

Hnz Fy(y) yreepxpenue JOKAILIBALTCA SHAJOTHYIHO,
+ea +o0

6) fx(z) = _[ F(=0)dy, frly) = J f(z,¥)dz. Do BRITEKAET U3
—og —-00

ceoiicrsa 5) f(z,y) u onpenenenns 5.8. Csoiictso 6) f(z,y) moapoiser mo
nNOTHOCTA BepoATHOCTH AByMeproli CB Z HafiTH NAOTHOCTH BEpPOATHO-
cruCB X u Y.

7) Ilycts CB V = p(X,Y), tae. X, Y -~ nenpepnBunie CB ¢
cosmecTHOE mnornocteio f(z,y), a (z,y) — 3amaHHas cxandpHas

o0

bynxmus aprymenros z,y € R}, Taxas, wro I j lo(z, y)| flz, y) dedy <

)
< 00, Torza MOXHO OKA3IATH, YT0
+oo
M[V]= I [ plz,y)f(z,y) dz dy.
—-a0

A <« -
lpuyem, ecmm @{z,y) = Y ¢x(z,y), To, nonssyacs mEHeMHLMH
k=1
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' m
CBONCTBAMN MHTErpasa, MOXKHO NMoKa3aTh, a0 M[V] = Y~ M{Vi], rne
k=1
Ve 2 0u(X,Y), k=T,m.
8) Jns neansHCHMOCTH Renpepuibaux CB X n Y floctaTouno, 9robut
BHINONHANOCH PABERCTRO

flz,y) = fx(=) fy (1)

BO BCEX TOYKAX HENPePHEROCTH 3THX yuxuuit. elicrsrrensao, no
ONPEAeNeHHIO ACTHOCTH

% ¥
[ [ fendedr=Flay)=| 205 neoomie || = py(2)Fy(y) =
z ¥ x ¥
= | rat | pyar= | | x@Ofe(r)dear.

OTKya ¥ cliefyeT JanHoe cBollcTEO.
9) Ecaun nenpepususte CB X x Y HesaBHCHMLI, TO CpaBeflusa

dopmyaa coepmuu naomnocmeti, 1. e. mIoTHOCT, pacnpenencpus CB
Vax + Y umeer BHE

+o0
frw)= [ fx@frlv—2)da,
rae fx(z), fr(y) — nnornocrs pacnpesenerns CB X n Y. Heitcren-

Te;pHO, MycTh D 4 {z,7: £ + y < v}. Toraa no ceoficrsam 2) f(z,y) ¥
8) f(z,y) nomyqaem

Fy() 2P{X +Y < v} = [ [ f(z,y) dody =
D

)~

~ [[tx@ @ dea=| 1@ ( | foras)ds=lyLe—sl=
D -0 el

- T o] we-arayae= | (T omie-ni)a

Orciona, cortacho onpeneaenmo 5.8, puiTexaer (OPMyna CBEPTKH,
MoxHO NOKA3aTL TAKXKE, YTO BEPRO PABERCTBO

+oo
fr@) = | fxlv-friv)dy.
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IiprMmep 9.3. Ilycts umenTcst papHoMepHO pacnpemenenrkie CB
X ~R(a;b) n Y ~ R(a;b), koTophie HEZARUCHMEL,

Tonsayack dopuynodi ceepTxn, HafineM mwioTHocTs peposrEocTE CB
Z4 X +Y. Vuren, wro

. " B JAHHOM CTyd8e

MOABHTErPANLHOE BHPEKEHNE OTIMTHO OT
HYIA AHIOE KorEs 2a € v < 25, a MMeHHO _L“f(x)
b

fx(3)=ﬁ—;, ecmma<x<b,

fy(v—z):;_l-&-, ecEaSv—z b

o] 22 atb 25 ¥

PaccmarpuBasi gBa cayyas B3adMHO-
TD PACTIOVIOKEHHS OTPE3KOB, HA KOTOPRIX Puc. 9.3
NRGTHOCTH OOHOBPEMEHHO OTHHIHRE OT HY-
JIF, TIOMYIaeM
Ll

fv(v) = (b u)z I dxsz,__:Tg;;" e 2a Svsa+b

. b
26— v
Jvlv)= Ty a)“ dez o ecin a+b < v 2b

Takma ob6pazoMm, NoryTaeM BHPAKEHHE JUIA IUIOTHOCTE MPEY2OALHOZ0
pacnpedesenun (pacnpedeaerus Cumsncona) {puc. 9.3):

0, v < 20, v > 2b,

— &0
f)=q Brap  eSvSeth
Aoy, a+bgvug2

b-a)’

9.3. TunoBsle 3a0a4U.

3anaua 9.).  Hyerr flr,y) — nneTRocT:, BEpOATHOCTH HEKO-
TOpOro cnyqaﬁnom nempa Z = col(X,Y). Moxer su dynxous

Filu, v) I J{u,v)du I f(u,v)dv 6LrTe NAOTHOCTHIO BEpPOATHOCTH
—o0 ~00
Kaxoft-iu6o nryMepHolt cayqattnodt penmmun T = col{U,V}?
Pemenne. HenocpeicTheHHo MpoRepaercd, WrO YCIOBHS HEOTPHIA-
TENHLHEOCTH M HOPMAPOBKA Ana dbyukmpn fy(u, v} snnoaHens!, T. e. dhynk-
maa  fi{4,v) ABANETCH MIOTHOCTHIO. YKAKEM ABYMEPHYIO Cyuainylo
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eengurny T, ana xoropo#t fi(u,v) sBasiercs mmormocTsio. Cornacko
crofictey 6) f(z,y) nmeem

+o0 +00
K@= | Hend, f)= | fep)de.

Tosromy fi{x,y) = fx(z) - fr{y). Paccmorpem AByMepHBIR cityafHbiL
pextop T = col(U, V) ¢ HeaaBucumpiMu kommonerTamu U n V,rpe CB U
u V umeor crexyiomue miorsoctw: fy{u) = fx(u), fv{v) = fy(v).

Torna
fr(u,v) = fulu) - fv(v)

BO BCEX TOYKAX HENPePHBEOCTH X dynkmuit. [losromy fr{u,v) =
= fi{u,v). CnepoBarensuo, fi(u, v) SABJISETCA IIOTHOCTLIO Pacnpeene-
HuA nocTpoennoil CB T.

OrperT Oynxuua fi(u%,v) SBIAETCA NIOTHOCTHIO BEPOATHOCTH IBY-
mepuoit CB T,

3agava 9.2. lipeqnpuarve mmeeT ABe NOTOYHBIC JIHHHW MO cOopke
HeKOoTOpO# npoaykume. TexHOOrHyecKue

TaGauna 9.2

NpONEeCCh Ha IMHHAX CBA3AHAI MexX Xy cobost.
Y\ X[ 0 1 Paccmotpum crmydaitupie BenmamHH: X —
/8 | 0 KONHYECTBO SAMHML NPOAYKIMH, cobpanHol
H 174 7 1/8 3a JeHbL Ha nepBoli JIHHEK, 2 Y — Ha BTOpPO
2 1/8 | 3/8 sapmn. CoBMecTHO® pacnupelesleHue STUX Be-

JIHTIMH 380an0 Taba. 9.2,

Haira:

@) YacTHhe pachpelesieH s cayvaiunx seanyn X n1 Y]

6) pacnpefelicHie, MATEMATHIGCKOE OXKMARHEE U JHCHEDCHIO CIy4ali-
Holi peyamnit Z = X + V' — cyMMapHOFo KOMMYecTBa AUHRL NPOXYK-
1M, BRIDYCKaeMOE NpemIpHATIEM 38 JeHb.

Pemenue. ¢) Cortacno npasnjiay NOCTPOSHHA MACTHBIX PacIpefe-
JeHHl KOMIOOHEHT CIy4allHOro BEKTOPa, MONYy9HM

P{X==x}= zs: P{X ==,Y =y;}, i=1,2 (8.1)

i=1
Tabnuna 9.3 Tabana 9.4
X 0 1 _ Y] 0 1 2
Pil/2|1/2 Pil1/8]|3/8i1/2

Taxmy obpazom, nomygaem pag pacopenesienes CB X | npeacrasnen-
RELit B rabic. 0.3, Axamoryunring ofpasoM CTPOHM PAX PACTpeSe/ICHHS I
cnyvaiaolt pemumns Y (oM. raba. 9.4).
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6) Cnyuatinag peruunna Z MOXeT IPHHEMATE LeXHe 3Havenud ot 0
Ao 3. OnpeaenuM BeposTHOCTH, ¢ KOTOPHMH Z NPHHEMAST 3TH SHANCHUA:

P(Z=0}=P{X=0,Y =0} = },

P{Z=1}=P({X=1Y =0} +{X=0,Y =1}).

Tak kak cobwrea {X =1,Y =0} » {X =0,Y = 1} necoBmecTHHI, TO
cornacHo hopMy/ie CIOKeHHA BEPOATHOCTEH MMeeM

P{Z=1}=P{X=1Y=0}+P{X = OY"l}"'i‘
AHaNOru4YHO, I8 JPYTUX BOBMOMXKHBIX 3HaYeHUA Z
P{Z=2}=P{{X=0,Y=2}+{X=1Y=1}}=

=P{X=0Y=D+P{X=1Y=1}=gz+3=1,
P{Z=3}=P{X=1Y= 2}=.§.
Takum ofpazoM, panx pacnpenefierns Tabnuna9.5
caydaitHoil BeJHYARN Z MOXKeT OHITH 7T o 1 2 3
upencrapien Taba. 9.5,
Haitnem mMaTemMaTHuecKoe OHMIAA- Piifsifa)1/4]3/8

mwe ¥ grenepeno CB Z:

15
"8"9

L1 !

0ol

DIZ) = 3" (z — MZ])% ps =

i=1
15 21 15121 15\?3 _ 71
=(B) -9 - - D5
Orset o) Pag pacupenenesna CB X umeer sug 1abn. 9.3, a pag
pacnpegenenuss CB Y umeer Bu,n, Ta.ﬁ.r[ 9.4; 6) ps{,n. pacnpepenerna CB

Z mnmeer BuA Taba. 9.5, M[Z]= —, D[Z] =

3agaua 9.3. Hycrs apyxmecA4HEIe oﬁmem:t IposacK NPOAYKHHME
HEKOTOPOr0 NPEANPHATAS YAOBICTBOPATERLHO ONMMCHBAIOTCH NBYMEPHBIM

cayualturim sexTopoM Z = col(X,Y) ¢ nAOTHOCTHIO DacHpefeneHmus
BEPOSTHOCTH

farg) = {0_ 100 < 2 € 160, 50 < y < 100,
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Hatimr:
@) KOHCTAHTY C;
6) dymxumo pacnperenenus F(z,y);
6) uccneAoBaTh chyualinpie Beamuuss X M Y Ha HE3aBHCHMOCTD.

Pemenne. ¢) Jlna HaxoxKAeHHs KOHCTSHTH ¢ BOCHONB3yeMCH YCiIo-
BHEeM HOPMHPOBKM

T (T f@.y)ds) dy =
Brrumcags unrerpad, nony4uum
+oo0 oo 100 150 100
I (_I. f(xzy)dx)dy= I(l cd:c)dy: I 50c dy = 2500c.
-0 —00 50 100 50

i
Chnepoparenpio, ¢ = TR
&) Ilo cnpegenennto .

P(z,y) = T ( f £(t,7)dt) dr.

-0 —0O0

B nameMm cayuae nmpr 2 € 100 wm y < 50 nmeem f{z,y) = 0, a
cnenoeateasto, H F(z,y) = 0. Ecm z € [100,150) r y € [50, 100],
0, MOACTABHB HANJEHHYIO IJIOTHOCTbL BEDOSTHOCTH B BHIDAJKEHHMe s
F(z,y)}, nonyumm

T( )dt J-—(:c 100) dr = -——(m-lm)(y 50).
50 100
Ecm z € [50,150], a y 2 100, To
Flz,y) = T(Tf(t r)dr)dt =
100
= J([ 2500‘1")&4' J(I Ddf)dt”_(” 100).

Ecin z 2 150, a y € [50, 100], mmeens
F(z,y) = T(i f(t,r)dr)dt:
100- 50

= J(j d“r)dt-i—l(lﬂdf dt = (y - 50) .
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IIpr z 2z 150,y = 100

1680 100 x ¥
Flz,y) = I (I ﬁdf dt + ] ([ Gdr)dt =1,
100 350 150 100
Takum obpazom,
0, z< 100 wm ¥y < 50,
{z — 100)(y — 50)/2500, 100 € = < 150,50 < y < 100,
F(z,y) =< {z— 100}/50, 100 £ z < 150,y 2 100,
{y — 50)/50, 50 < y < 100,z > 150,
i, 150 2 2,100 2 ¢

(9.2)

a) YTobbl uccrenoBaTh KOMHOHEHTH CIy4affHOro BeKTopa Z Ha
HE3ABHCHMOCTD, HalljieM HX YacTHbie PAcOpeeneHmns:

0, z % 100,
Fx(.‘s) =F(:L',+oo) = { (w-—-lOO)/SO, 100 € z < 150,
1, z 2 150,
0, y €50,
Fy(y) = F(+o0,y) = { (y — 50)/50, 50 <y <100,
1, y 2 100,

Ouesnapo, uro F(z,y) = Fx(x) - Fy(y) mns scex z,y € R'. Crenona-
rensHo, CB X n YV rezaBucumel.

6) cMm. dopmyny (9.2); 6)CB X n Y

1
OTeeT. a) ¢ = %00

HE3aBHCHMEL.

3agava 9.4 Cayvaitnsie pesmyuntst X u ¥ uwesapucnmer. Caygalt-
HEad BemuyHHa X pacnpefelieHa N0 HOPMANLHOMY 3AKOHY C NApaMeTpPamMH
mx =40, cri— = 1/2. Cayuaiinas Besmauna Y pasHoMepHO pacnpeaerera
ea orpezke [0,1]. Tpebyerca nafiTu:

@) MIOTHOCTH BEPOATHOCTH CryualiHoro sexropa Z = col{X,Y);

6) dysruM0 pacnpeaenenna cay4aiHoro Bexrops Z ;

) sepoaTsocts momazanus CB Z B obnactes D = {-1 € X <
<1, [¥1<0,5}. --

Pemeune. g) Ilnorrocra Beposatsocrett CB X n Y smraaaar
cAeAyIomHM obpazomM:

fx(z) = %e“’. fr(y) =.{ o :S [g::.'

Taxk xax CB X u Y HeaaBUCHME, TO IAOTHOCTE BEPOSTHOCTH CIydalinoro
pexTopa Z mpeacrasasierca B suae fz(z,y) = fx(x)fr{y). B aammom
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1 _®
fz(z, y) _ { ﬁ e y WE [0, 1]$ (9'3)
0, v £1[0,1].

6) Haitmem dyaxmuo pacnpesenenus, JpyMepHan Gynknus paciupe-
JeNIeHUs He3aBACKMBIX CAYYARRRX BeJHYHH, [10 ONPeACIeHHIO, HMeeT BH !
Fz(z,y) = Fx(x)Fy(y). Bunumem oauoMepHbie GyHKIHH pacn'penene-
mmaCB X g ¥V

x 1 a,
Fx(z)= J Te"‘ dt,  Fy(y) ={ ¥

1

0
y<1,
1.

W AN

¥
0
) L

Torna

Fz(z,y) = < (9.4)

Honpayscs npegcTapAeHHEM MaycCOBCKON (PYHKIMA PACOPEHETCHRA yepes
byuagno Jlannaca, MoxHO 3amMcaTh BHpaxkeHue (9.4) cremyioqum

ofpazom:

0, ¥y <0,
(8e(v22) +3), 0<y<1
Fz(z, y) - ¥ 0 2/ y ’ (9.5)
®o(v22) + %, y2z 1

6) Q6macs D={-1<z <1, y| £0,5} mpeacrasnsier coboli nps-
MOYTOALHEK, BepoarHocTs noua,na.rmx B HEr0 BHYUCASCTCH CHEIYIOIMHM
obipazom:

1 05 1 0,5
P{ZeD}= | ( | f2(z,y) dy)dz = j ;,l—;e"”da: | 10y =
-1 -05 -1 0

=§.2¢0 (Jil) = & (J'z‘) 0,42
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Bepoarroctrs nonafama CB Z B mpaMoyroisEnk MomeT OHITH HalizeHa
H ApyraM cruocobom:

P{-1<X<1,—-05<Y < 05} =P{X <1,Y <05} —
—P{X<-1,Y<05}-P{X<1,Y <05} +P{X < -1,Y <05} =
= FZ{1$015) - FZ(_11015) - FZ(I: _015) +FZ(-1$ "'0$5) =

= 2 (21-v2)+05) ~ 1 (0,5 - Bo(1-V3)) = &0 (v2) ~ 0,42.

Oreer a) [InorHocTs pacnpesenenus CB Z umeer Bupy dopmy-
ant (9.3); 6) dyuxiua pacmpefenenus CB Z mmeer Buj BMpaxe-
nus (9.5); e} P{Z € D} ~0,42.

§ 10. YcnoBHBEIC pacnpeneeHnsa

10.1. Yenopsaa <$yRkuua pacupefeleHUA. Paccmorpam crae-
A
LYIOIMyI0 3aZavdy: HAffTH 3aKOH pacrmpeaenehus Asymeproit CB Z =
A
= col(X,Y), snaa 3aKkoHN pacHpenencHMs AByX omHomepmnix CB X
n Y. Oxazswsipaercg, yrc B ofileM CcIyuae 3Ty 3aJadMy PEWMTH HeJIb3s,
TaK KaK HeoOXoZuMo 3HaThL cBasbk Mexkny CB X w Y, xoropas xapakTte-
PH3yeTcA YCIOBHHM paciipefelieHneM. 3aMeTEM, TT0 ceoficTea 6) f(x,y)
u 4) F(z,y) nossonssor pemnts obparnyio 3aaayy: HaliTH 3aKOMH pac-
npepenenuda oaoMepubix CB X ® Y, 3naa saxon pacnopepenenus npy-
mepuoit CB Z = col(X,Y).

Onpegenenne 10.1. Iycre CB Y sengerca auckperHolt ¢ pea-
muzanEsMu y;, § = 0,m. Yeaoenott dynxyuetl pacnpedesenus CB X
npu ycrosad, 1o CB Y = y; , Ha3uIBaeTCS YCIOBHAS BEPOSTHOCTD

Fx(z'yj é P{};fyx’:zj} yj} sy J=0m, xc ]Rl,
(cm. onpenenenne 2.6), ecn P{Y = y;} # 0.

Paccmorpum asymepuyr CB Z = col(X,Y) c mnornoctsio pacipese-

aenus f(z,y).

Onpenenenre 10.2. IlycTe xna scex x € R' nnornoctu flz,¥)

u fy(y) sempepnimust & Touxe y € R u fir(y) # 0. Yeaosnod dyrnyuett
pacnpedesenur CB X npr yenosuu, uro CB Y = y, uaswisaeTcs mpeaen
upa Ay > 0 caefyionelt yoIoBHOH BePOSTHOCTH:

A . P{Xgz|V -yl £ Ay}
Fx(ziv) = fm) =Siv—aT<ow
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AHajormwioe onpesensercs YCNOBHAS (YHKIMA pacHpezeneHus
Fy(ylz) CB Y upu ycnogun, aro CB X ==z.

Vbenumca B xoppextHocTH onpegenenus 10.2, Ilyere CB Z a
2 col{X,Y) Henpepumua, NpHYeM
unornocty f(z,y), fr(y) nenpepus-
Hbl B TO4YKe ¥ gna Beex £ € R =
fr(y) # 0. HokaxkeM, T10 B 9TOM ChIy-

qae npeaen B onpepesenuy 10.2 cyme-
CTRYET W OH papeH

IR 0 y+8%)

0 Y Fxleh) = 5 jf(t )dt.

Puc. 10.1 PaccMoTpHM BepOATHOCTE
P(D) £ P{X < z,[Y — y[ < Ay}

monmagaunas CB Z B nonynmomocy D (puc. 10.1). Ilo csoticrey 17)P
nosygaen

PD)=P{lY -yl < Ay} -P{X < zly- Ay <Y < y+ Ay}.
Toraa, us ceoiters 2) f(x,y), 3) fx(z) puiTekaer, wro

P{X<alV -y <Ay} _

P{X €zly~ Ay <Y Sy + Ay} = — = BV - 91< &y}
& ytay
[ (] seryar)a
RN 0c TeopeMe & -
e = (| o cpemrex | = | s 9)a,
I Fe(r)dr SHAYEHAR (¥ 2o
y—ay

~ R
roe ¥ ¥ ¥ HeKOTODhie TOUKH M3 MHTepBana (y — Ay, ¥+ Ay) . YuuTnBas

meupepriBHocTh f{,y) m f(y) ¥ mepexona x mpemeny mpu Ay — 0,
HMeeM

Yy, U=y, P{X <zly- Ay <Y <y+ Ay} o Fx(zly)

Orciona cnenyer tpeGyemast ¢hopMyna, xoTopad OmpeAelser YCIOBHYIO
(YHKIHKIO DACHPEHENCHHA uepes IIOTHOCTH PacIpefencBd ApyMepHOft
CB 1 oguomepnoit CB.
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Ceoticraa F(z|y)

1) Fx(z|y) oupemenena ana scex z € R!. Dro crenyer us onpesene-
mua Fx(x|y).

2) 0 < Fx(xjy) € 1 pan neex z € R'. Dro obbscunerca rem, 4o
YCHIOBHAS BEPOATHOCTH MPHHKMAST 3HAMeHns H3 orpeska [0,1], a 3HauuT,
u ee mpefied npH Ay — 0 TakxKe JIeKNT B DAHHOM OTPe3Ke.

3) Fx(—ooly) =0 no onpeaenennio 10.2,

4) Fx{+ooly) = 1, 7ax xaK, Ranpumep, u3 onpegesenus 10.2 BTeKaeT

5) F(z|ly) — dynxnua mosoronHo weybmsawoman no z € R' mas
moboro drkcupopaurore y. Hanpiusep, » cuny onpegenenns 10.2 ameem

z+Ax
| rema [ Ftg)dt
o2 RO

Ananoruyire CpoliCIBa MMeeT YC/iOBHAA YHKIH: pacupeeieHusn
Fy(ylz} CB Y npu ycaosmu, wro CB X = z.

= Fx(zly).

Fx(z + Azly) =

10.2. YenoBHaA IJIQTHOCTE PACOPEJENICHBA.

Onpeaenenne 10.3. Yeaosnold naomuocmoro pacnpedesenur (Gce-
poamuocmu) Henpeprisuot CB X npu ycnosuu, yro wenpeprisnas CB YV
¢ mnorocthio fy(y) # 0 npunans 3uaycHHe y, HasbiBaeTCA dyHKuuA

f (z$ y) 1
xly) = zeR".
ey = Z28,

AHAJOTHYMHO ONpeeseTcsl YCIOBHAS IIOTHOCTS BeposTHocTH f(yfx)
CB Y npu yorosms, yto X = 2.

Jdna nocrpoenns AByMepHO# HIOTHOCTH PacHpeResNeHus B obuieM
cnyuse TpelyeTcst 3HAHHe He TONBKO IfoTHOCTefi pacOpenefcHHs Of-

HoMepanix CB, Bo eme M ycloBEbLIX mAoTROCTEH, Hanpumep f(x,y) =
= fr(y)fx(=ly)-
CepoficTBa f(x|y)

1} fx(aly) 2 0, rax wax f(z,) 20, fr(y) >0
2) Fx(aly) £ [ sx(tly)dt, ecnn nnorocrn f(z,y), fy(y) nempe-

-0
puiubl. B sroMm MoxxHo yOenuracst, CPRBARBAS BHPAXKEHHA SRS YCAOBHOR
IAOTHOCTH K yciosHo# hyHKUH pacHpeRencHns.



108 CAYYARHWE BEKTOPH {I'J1. HI

+oo
3) J Fx(tly) dt =1 no ceoticream 2) f(z|y), 4) Fz|y).

-]

9 fx(oly) = LY, ccn muommocra (2.3), fr(y) meapepusi.

HettcTpurenseo, uMeeM

a 3Fx(=:|y) 1 £z
Sxlely) = T 3::( .[ ft )dt) @)

5) Ecsn venpepuisanie CB X u Y wesasacumm, o fx (x|y) = fx(z).
CornacHo ceofictey 8) f(x,y) ans Hesapucumbpix CB X u ¥ umeem

pagencreo f(z,y) = fx(z)fr(y), u3 KoTOpOro caenyeT N0 OHpeieNCHMIO
ycroBHo# mnotHocTy, wro fx(zly) = fx(z).

6) P{zi < X €z} = T fv(y)(T fx(ﬂ|y)d-’-'»‘) dy.

x;
Helicreurensro, no ceoiicreaM 3} f(z), 6) f(x,y) u onpesenenmo ycios-
HoOll MAOTHOCTH HMeeM

Plz1 € X € 22} =T.fx(ﬂ)d$=T(T f(x,y)dy)da‘=

x,

f( J fr)fx(=zly) dy)d:c I Friy (]?fX(xh!) da:) .

Ty —o0 3

Tlocnennee cBOACTBO BHAIOTHIEO d}opmyne TONACH BEPOATHOCTH B
cryvae aucxpeteix CB X u Y {cM. Teopemy 3.3):

Ploy S X €22} = E PlY = y;}P{x) € X € z]Y = y;}.

j=0

Takwe xe cpoficrba HMEeT YCIOBHad IUIOTHOCTb PaclpeleneHHa
fr(yjz) CB Y npu yenosmu, yro X = 2.

IMpamep 10.1. Iycrs umeerca CB Z =col(X,Y), rue X ~ spema
TIOABJICHNA MEPBOTO NOKYIATENSA B NOHSNEILHUK, 8 Y — BpPeMA IOABNCHAA
NepBoOro MOKynaTens po propeuk. [omoxum, aro fz,y) =¥, 2,y 2
2 0. Tpebyercs HaltTu:
- 1) F(z,y); 2) Fx(x), Fr(y); 3) fx(), fr(y); 9 Fx(zly),
Fy(ylz); 5) fx(=ly), frlvlz).

YcTaHoBUTS, 3aBACAEMEL E CB X u Y.

Pemenne.

1) F(z,y) = T(T £(&,7) dt_) dr = Te-fdfTe**dt =(1-e®)1—~eY)
0 0 0 o
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opu 2 20, y 2 0; F{r,y) =0 B 0CTAIBHBEIX CHYIafX,
2) Fx(x) F(z,00)=1—e*umpu >0, Fy(y)=1—¢"¥ mpa y > 0.

3) fx(:-'-‘) de(z) =¢"* mpu ¢ > 0, friy) = dF+fr) = ¢~V mpm
y>0.
4) Fx(ely) = 4 ( ) J-f(t,y)dt--eﬂje teVdt=1—c"" mpu z > 0.

0
Ananoruano, Fy(ylm) =1-¢e¥ mpn y>0.

5) Fx(zly) = %Fx(mly) =e *npa >0, fr(ylr)=e™¥ mpn y > 0.

Tak xax fx(zjy) = fx(z) = e n fy{ylz) = fr{y) = e, 1o
fHx,¥) = fx(z) fy(y)- osromy CB X u Y HesaBucEMH. DTO 03HAYAET,
9TO MOABJNEHME NMEPBOTO MOKYMATENA BO BTOPHHK HE 3aBUCAT OT TOLO,
KOT/A NPHUIIE) NEPBLIL NOKYNATEb B NOHENENLHIK.

10.3. VenopHoe MaTeMATHYECKOE OXCAAAHAE,

Onpegenenve 10.4. Yoaoensat MEMEMEMUMECKUM OHCUOBHUEM
Henrpepripaoit CB X mpu ycnosmu, uro Hempeprieas CB Y npunama
3AaYeHME §, Ha3bBaeTcAd hYHKIMA

+co
MIXly £ | 2fx(aly) d=.

-3

Yenoenoe MO cymecteyer, ecim mociieHuit KHTErpaJ cXoAuTcsa abcoo-
JIFOTHOQ.

B cnyuae puckperasix CB X u Y ycnoseoe MO CB X npu ycnosun,
9o Y =45, j =0, m, onpenenserca dbopuynoi

. j L —
M[le‘j]=zx§p—‘%, J=um,
i=0 Pj

rie py; £ P{X = 2;,Y =y;}, p; SP{Y = y5}.

Oupepnenenne 10.5. VYormopHO® MaTeMaTHYeCKOS OKHZAHAE
M[X|y] CB X xax dyukuusa napamerpa y € R' nasupaerca pespeccueti
X wna y. Ppadux dynkmuu z = M[X|y] masuiaercsa xpueott pezpeccun
X nay.

Apanormuno onpemensiercs ycmoemoe MO CB V 2 ¥(X) npu
ycnosun, 9to Y = y. Hanpusep, ans Henpeppisapx X 1 V'

+oo
M) 2 | d(@)fx(ely)ds.
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Paccmorpam dynaxkumo o(y) A MIX|yl.
Onpepencune 10.6. Voroensiu MEMEMAMUSECKLM 0OCUdaHUCM
CB X oruocurexsio CB Y masuisaercs CB V £ »(Y) éM[X|Y].

AHANOTHYHO MOXKHO ONPEENNTL M APYrue, Gojiee PRICOKOTO NOPALKS,
yenosaste MomeHTrl CB.

CeoftcTrra M{X |y

1) M[#(Y)}|y] = ¥(y), rae ¥(y) — mexoropas ynknms.
2) M[¢(Y) Xyl = ¥(y)M[X|y] . JeitcTBrTensHO, HANPAMED, B CIy4ae
meapephiBREX CB X n Y umeem

+o0

M) = j PW)zfxlzly) dz = YMIX]y).

-0

3) MIX + ¢(Y)ly] = M[X|y] + ¥(y) . Bro caoficrro HOKa3BIBAETCA
aHanoru4no ceoftcrry 2)M[X |y

4) M[X|y] = M[X],ecmm X u Y — nesaeucumul. Ilycrs, Ranpumep,
CB X u Y — uenpepwtsun, Torga no ceolterny 5) f(z|y)

+o0 +oo
MIXI £ [ sfx(ely)ds= | 2f(z)dz 2 MIX].
5) M[X] = M[M|X|Y]] — =ro pasencrso nasuBaerca dopacyaoii

noaNo20 Mamemamunccxozo oxcudanus, lyers CB X n Y senpepnipant,
Toraa uo ceoicTry 6) f(x,y)

+o0 400  <4oo
MIX12 | afx@)dz= | 2( | s 9)dy)dz =
+o0 _o-:oo - +o0 +oo
= [ z(f Fr(v)ix(zly) dy)d:c= [ fv(!i)( [ zfx(zly) dx) dy =

it =

+00
= ] Fr(WM[X|y]dy = M[M[X|Y]].

B cayvae grckpernoit CB Y npu xomewnoM m ¢opmyna nonsoro
MO npuobpetaer cnenyiomutt BHL;

m —
M[X]= 3" p;M[Xly;), mmep; 2P{Y =y;}, i=0,m.
=0
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Hpamep 10.2. Yucno N paguoTexHuyecKux NpHOOPOE, GAABAEMEIX

NOKYiaTeNnaME B rapaHTHREYI0 MACTEPCKYIO B TeUEHNH JHH, MOMKHO NIPeX-
craBuTe B BHAe OB, xopowo ommcweaemofl pacnpeaenenviem Ilyaccoua

1I(a), tae a ABAASTCHA CpemEWM TMCIOM PAXMONDHOODPOB, CEAHHEIX 33
JeHb. BeposiTHooTh Toro, 9ro ¢amawili mprbop norpebyer HIKTENLHOTO
peMonTa, pakHa p. Haltnem cpensee qucno CHaHHEIX IpHOOpOB, Tpedyio-
IMX AJANTeNbHOro peMorTa. Tak KAk npu (PHKCHPOBAHAOM HNCHe 7 TO-
CTYNMEBIIEX MpAGOPOB KNIHYECTED NpubopoB, TpebyOIMX KalHTalbHOTO
peMonTa, npeacrapafer coboiit CB X ¢ GmroMuanpERIM pacnipegeieHneM
Bi(n;p), o M{X|n] = np, n = 0,1,2,... Iockomexy CB X wumeer
pacnpenenenne Ilyaccona II{a), To M[N] = a. Toraa mo dbopmyae
nonrcro MO

M([X] = M [M[X|N]] = M[pN] = pMI[N] =

10.4. KoppensnyoHRas 3aBHCHMOCTD.

Onpexencune 10.7. Kosapuoyuetl (XOPPeARUBONMOM MOMEN-
mom) kxy menpeprenix CB X u Y HasniBaerca BTOpo#t BeHTpasrbHbIR
CMEIIAHHEIR MOMeHT

A +o0 +oa
kxy EMIX —mx)(¥ —my)] = | [ (2= mx)(y—my)f(e,9) dudy.
—0 00

Koppenamponnuiit Momernt kxy auckperstix CB X 1 Y ¢ xonegani-

MH YHCHAMH BOIMOMCHBEIX 3HAMEHHH paBeH

n n
kxy 2 303 (@i ~ mx)(yj — my )pis-
=0 j=0

Benrvyuna kyy zasmcur or efmuru maMepenus CB X u Y. Bo
naberkamue 3TOrO HeyA0OCTBA KOBapHAIHIO MAaCTO BH‘!HCJ‘IS[IGI‘ me wa X

¥ Y, a ana cooTBETCTRYIOIMAX HM Hopmuposernsr CB X 2 £—;—’1"£,
X
l;é Y;mY ,ecmy CB X m Y cymecrsyor gucnepcnn 0% > 0 u
Y
0% > 0.

Onpenenenne 10.8. Koeapwanus mopmmpopannmx CB J*f " }7'
HASHBAETCA KoNPPULUERTOM KOPPEARYLY:

M[(X - mx )(Y — my)] A kxy
axay TxIY

. A * oW
rxy Sk = M[XY] =

Onpenenenne 10.9. CB X u Y HaSHBAIOT KOPPEAUPOGGHHBMU
(xoppesrrguorro sesucusmmmy), ecnu rxy #0 (kxy # 0), u nexoppeau-
posarnsmy, ecne rxy =0 (kxy =0).
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Onpenecaenne 10.10. CB X u Y Rasnbaior notoscumesvro
KOPPEAUDPOSAHNMMY, eClIH eC/IN rxy > 0, M oMpuuamestio Xoppeatpo-
aaHHNMY, eCnE Txy < 0.

Mpumep 10.3. Paccmorpum sse CB X 5 ¥ 2 X2, e X ~
~ R(~a;a). Toraa xosapuanas mexay X 1 Y pasra

kxy = M[(X — mx)(Y - my)] = M[X(Y - my)] =

= MX(X? = my)| = 5 | 2(a® - my)dz =0.
—a
Taxum obpazsom, CB X u Y wexoppesmposannl. B To xe spema CB X
¥ Y cea3adbl CaMoli «KeCTKONY 3aBUCAMOCTHIO — (yHKIKOHANILEON.
Cpoficrsa kxy

1) |rxy| €1, Te. [kxy| € oxoy . DT0 CBOACTBO JOKABARO HIDKE JJIS
Govee obmero cayvan (cM. csoiicteo 5)M [X] B §11).

2)Ecnu Y =eX +b, roe a# 0 2 b — nocroaunme 4 0 < ox < +00,
10 [rxy}=1. HeftcrERTeNBHD,

my 2 M[Y] = M[aX + b} = aM[X] + b= amx +b,
DW]hmewﬂ—ﬁ% oy = Vdy = |a|/dx = |alox,
kxy & M[(X — mx)}(Y — my)] = M[a(X — mx)?] 2 aD[X] = ac%,

A kxy ek a
rXy = ——— = i o, TR P = 1.
XY S ooy = okl Tl O Y]

ChaeposaTencHo, ecma ¢ >0, 70 ryy =10, ecmm a <0, To rxy =—1.
3) 13 mezapucumoct CB X n Y crepyer ax HEKOPPEIHPOBAHHOCTD.
IMycts, uanpumep, CB X u Y wHenpepumsBHbl, TOrma no cBoficrBam
8) f(z,¥) u 8)mx umeem
+e0
kxy & MIX ~ mx)(¥ = my)] = [ [ (@ = mx)y ~ my)f(z,y) dedy =

= [(@-mx)fx@)ds | (y—my)fr(v)dy & MIXIMIT] =
4) kxy = M[XY] — mxmy . Ilycts, nanpumep, CB z 4 (X,Y)

senpeprieaa. Torna, cornacuo ceoiicry 7) f(x,y) , ameenm

kxy £ MI(X ~ mx)(¥ — my)] = _
= MIXY] + mxmy - 2mxymy = M[XY] — mxmy.
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10.5. JAsyMepHoe HOpMANBHOE PACTIpeAefieHHe.

Onpegenenne 10.11. TliornocTh deyaeprotl nopmasvio pacrpe-
desenrioti CB Z c mapamerpaMm €13, Czzs Ci2 B ™y, M3, TAE C11023 ~
-3 >0, ¢11 > 0, o2 > G, ompenensercs dbopMyno

1
fzy) = Venean - &, e 2 [eas(£~m1)2+2e12(x—m1 ) (y—ma)+eaa(y~ma)’]
’ 2% )

CeoficTea ABYMepHOro HOpPMAABHOrO pacupefieAe Hy

1) B coorsercTBEn co caoiticrsom 6) f(z, y) nalizem mrornocts CB X

fx(z) = f cllgz:c;cgz exp{_% cnci':n"‘ ctz (z— ml)2}°

Cpasnusas sty dopMmyay c onpenenenyeM 7.3, 3sxmovaem, uro CB X
¥MeeT RopManbHoe pacnpepenenne N(mx;o%) ¢ napamerpamn

_ A 2 C22
mx =my,  DX|Zey = 2=

Tlo anamoruu MOXKHO nONYIRThH IorHocts CB V!

2
— ./ c1ca2 — 12 _ _1_ c11622 = €3, _ 2}
Frly) = | Wb o 2 OB (2},

T.e. Y ~ N(my;o}), e my =my, D[Y] £ 6% = ey f{cion — chy).
2) Buuncnsas xoadduupent koppensuun CB X u Y, nonyuaem

A +oo feo c

= - - - _ 512

rxy p— I J (z —mx )y~ my)f(z,y)dzdy —_—
-C0 =00

3) Hatisem ycroBHYIO IIOTHOCTD

fx(zly) & ";(z(’;;) \/ exp{-—cuiz m1+ (y mz)]”}-

Cpaerupas ary ¢popMyzny ¢ onpeneneaness 7.3, MprXoauM K BLIBOLY, 4TO
fx(zly) araserca HopMampHOk NACTHOCTBIO, MPHYEM

M{X[y] = m, - —(y my), D[Xly] =
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Henponsays BRPLOKeHHS, ROXYUYCHAbE BHEIE AN 0X, Oy, XY, YCIORHOS
MO M{Xly] MoxHO npeRCTABHTE B BHAE COOTHOMIEHUS

M[X|y] = M[X] +rxv % (v —M[Y]),

KOTOpOe Ha3HBaeTCA meopemot o Hopuasvnot xoppetsyu,
4) Hycts CB X u Y uesaBucumst. Torxa

flz,y) = fx(z)fr(y) = _Jz_;_ax.e— somx)? Jz_::oy e p—my)?

HOycrs reneps CB X u Y Bexoppesnmposansl, T.e. rxy = 0. ITosTomy,
o2 =0 u Tormad % = 1l/en, 0% = 1/cxn. Tosromy, fx(zly) = fx(=),
orxyza srexser, w0 £(z,3) = fx(x)fy(y). Toims obpasom, B cxy-
wa¢ HOPMANBHOTO PACIpPENeNeHHs BeKTOPa Z H3 HEKOPPEIUDOBAHHGCTH
CB X n Y cnepyer ux nesaucumocts. Ilpu stom M[X|y] = M[X].

ITpumep 10.4. Jpymepnoe HODMARILHOe DpACHpeOelCHME XOPOMIO
ONMUCHIBRET, HANPAMEP, CKOPOCTH BeTpa B pafioRe asponopra, HPOTHOZN-
pyeMble KOODAHHATHE! MaJeHUA METEOPHTA HA NOBEPXHOCTH JeMJIE M T.IL

10.6. TumoBEble 3aaayqM.

3anaua 10.1. Mycrs cnyvainsit pextop Z = col(X,Y) pasHoMep-
HO pacOpepe/ieH B Kpyre paguyca R:

2 2
= { Y 1<

Tpebyerca malitTe rxy H OTBETHTL Ha Bompoc: 3aBacaM A CB X n Y.

Pemenne. Mz cumMMeTprH nnoTHOCTH BEpOSTHOCTH CASKYeT My =
= my = 0. HeiicTeurensro, u3 ceoictpa 6) f(r,y) naxomam fx(z) =0
ecmm |z| > R, a 8 caywae |z] € R nonygyaem

+oo ) VRI=ZT 5
@)= [ fendy=—05 [ d= HVE-2
—oo _VEE=F

Hexona w3 aroro,

. _
x = 2 VB - dz —__ 2 (pa_aupl® _
x= =23 L Pds = — o1 (R - o) Ln“"'
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AHanorH4no MOXKHO NOKA3aTh, w0 fy(¥) =0, ecnx |y} > R, 1 fr(y) =
= é,—\/ﬁﬁ—w’, ecnu |y] € R, nostoMy my = 0. Taxum obpazom,
HMeeM

+00 +00 2 B \/ﬁ’-_x"
kxy = I I zyf(z,y)dedy = =y Im( I ydy)da:-—-ﬁ,
o0 —ao “R _y R

T.e. kxy = rxy = 0. Cneaoparensno, CB X u Y Hexoppenupo-
paust. Ilpr srom CB X u Y 3aBucuMEI, Tak Kax mioTHocTs f(z,y}
HeJIb351 NMPEJCTABHTL B JAHEOM chiyyae B Buje mpoussemenus f(x,y) =

= fx(z)fr(y).

Orser rxy =0,80 CB X u Y zasmcuMuL

3amaua 10.2. IIycre apcnepcum cnyvafineix senaama X uw Y
paBrBl Mexcay coboit, D{X] = D[Y]. Yemy pasHa XoBaprauHs CIyYalHBIX
pemyue X; = (X +Y)u X;=(X-Y)?

Pemenne. Bomomm kx,x,. Ilo onpenerermo kx,x,
= M[X, X;] — M{X,]M[X3], cheposaTensro,

kxx, = M(X +YHX - Y)| -M[X +YM[X - Y] =
=M[X? - XY + XY —¥?| -

- ((M[xn* — M{X]M[Y] + MIX]M[Y] - (M[Yn’).

TTonpaysch CBOUCTBAME MATEMATHUESCKOTO (HKHJIAHWA, HMEEM
kx, x, = M[X?] — (M[X])? - (M[Y?] - (M[Y])?) = D[X] - D[Y] = 0.

Orser kx,x, =0.

3agaua 10.3. Mecrs byTONHHBIX KOMaHA, YISCTBYIOMHX B TYPHHE-
pe, pasbuTe Ha JBe IDYNNH N0 TPH KO-

maHgpl. [lobeguTenn rpynn BHIXORAT B Taéauna 10.1
¢urAN, DKCOEPTH ONEHHBAIT BEPOSTHO-

T OO0ABjIeHHE (PHHANLHBIX MAD COTJIAC- X\WY | 1 2 3
Ho JanArM Tabx, 10.1. Hality waubo- 1 279 1/9| 0
Nlee BEPOSTTHHEX LPETEHACHTOE HA BBIXOX 2 /ol o | 1/9
B quuan ¥ KoahDMIUEHT KoppeRdiHu 3 2/911/911/9

MeAKAY NPETEAJCHTAMN RA BHIXOA B (u-
HAJA M3 ABYX IpymQ.

Pemenne. Urobw onpenennTe HaubBoliee BEPOATHLIX IPETCHACHTOB,
BalfseM YACTHBE Dacnpene/ienEs KommoHenT X {HOMep KOMAHAN B
nepeoft noarpymme) u Y (momep Xomanpu B nepsoii noprpymme). dns
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3TOTO Bocnoksyemca dopmyatoft (9.1). Pager pacapemenenns ciy4alinnix
eemriue X H Y 3a7aHB! cOOTBeTCTBEHHO B Taba. 10.2 m 10.3.

Tabnuna 10.2 Tabarga 10.3
X]|]1 2 3 YI 1 2 3
P|li/3]|2/9]4/8 P|5/9]2/9] 2/

Takum 0Gpazom, nanbonee BEPOATHHM NPETEHAEHTOM HA BHIX0/, B (HHHAN
A3 IEePBOit MOArPYNOL! ABASETCH TPeThid KOMAHZIS, 3 K3 BTOpol moAarpymn-
115 — Nepeas.

Ana maxoxmenusn KosdxpHUMeHTa Koppeinstiuu HallieM apcnepcun
croy4aiinbix ey X u Y M uX KoBapuamaw:

3
1 2 4 19
M[X]_‘glmim—l'§+2.§+3'§—?’
MyY]= S yp=1-042.243. 223
_i=1ylpi"" 9 a 9 - 31

D[X] E(ms X])2 i =

(1—-1;,9)2 %+(2~1—99) —+(3-—%)2-§—%0,?65‘

DIY] = 3 (s - MIYops =

=1
(-3 3o -1 3 Y s

ox = /D[X] = 0,875,

D[Y] ~ 0,817,

kxy = 3 3 (e - MIX])(35 — MY ipi 0,148,

j=l iml

KoadpunuenT xoppenaupea rxy BHIUCAAETCA cleAylomuM obpasoM:

OreeT Hanboxee BeposTHHIM NPETEHAEHTOM HA BHXOA B HHHAN H3
nepeof NonrpynL KRAAETCA TPEThE KOMAH/S, & 3 PTOPOH NoArpynms —
nepeas. Hckomut koadubuupenT Koppeasaumn rxy = 0,207,
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Sagaus 104. Iycte Y = aXj + b,Y2 = cX3 + d. Hoxazars, uro
ky,y, =ackx,x,, rae X; u Xo2 — Hexkoropele ciyualivpie BeaMaHHEL,

Pemenune. Jna pemends 9ol 3a489H BOCTIVIB3YEMCS ONpegese-
HHECM:

Yi= aXy +b—MiaX) + b = a(X1 - M[X1]) = X1,
V2= aXs +b— MlaXs + 8] = a(Xa —- M[X2]) = X .

Hcemonsayn caoficTBa MATEMATHYECKOrO OXKHIAHMS, TIOMYYHM

o L3 o -]
ky,y, = M[Y1Ya] =Mjac X1X2] = ackx, x,,

4TO H TpeGOBANIOCH HOKAZATS.

3agava 10.5. Urpansras Kocts pasmeveHa TakuM oOpa3oM, ITO
CyMMa OYKOB Ha NPOTHBONOGNOXKHLIX rpausx pasaa 7 (re 1 m 6,
2u5, 3 u4). [Iyctre X — 9McI0 OYKOB Ha Bepxselt rpanm; Y — umcio
OUKOR Ha HHKHel rpanm. IlocTporTh COBMeCTHBI 3AKOH pacNpenelieHns
cay4gaitueix Bearunit X u Y o BaltTn koa(pRIHEHT KOppeJsiud Mexay
HAMH.

Pemenne. Hcno, 9ro sunoneEsierca pabencrso X + Y = 7, &
nostomy P{X +Y # 7} = 0. CneaopaTessno, Aaa nocTpoeHna Tabmmni
pacnpefenesus crysatinoro sekropa Z = col(X,Y) ocraeTcs pavaCaATL
CReIYIOIHe BePOATHOCTH:

P{X =1Y =6} = P({X =1} - {¥ =6}) =
=P({X =1}- {7~ X =6}) =P({X =1}) = 1/,
P{X=6Y=1}=P{X =6} =1/6.
ARaNOrmYHO MOKHO HOKA3ATE, YTO
P{X=2Y=5}=P{X=5Y=2}=P{X =2})=1/6,

P{X=3,Y=4} =P{X=4,Y=3} =P{X=3} = 1/6.
Tabanpsa 10.4

X\wwi{1]21]3]4 5 | 6
1 0[O0 0 ¢ [ 0 |1/6]
2 olo]o]|oi1/6] ¢
3 o]l oo |ie}f o] o
4 o |oq{1/6] 06} o} o
5 o j1i/6] 6] o| o | 0
6 i/6|] 0 | 0 | 0 0] o

TabsEns pacnpefeneHEns CcAy4alHOFO BeKTOpa 2Z HPEACTABJACHA B
Tabu. 10.4. .
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Nockonpky Mexay cnydalinpiMe sexmupHamMu X H Y  uMmeerca
nuueituas ceazy X =7 — Y, 10, cornacuo ceofictey 2} kxy , rxy = —1.

Orser. ryy = -1

3agaua 10.6. Cruyqaliunie pesuuuatt X w Y  He3aBACHMB H
pacmpefenedsl N0 HOpMaIbHOMY 3akomy. Msepecrmo, wro MI[X] = a,
MJY] = b, D[X] = D[Y] = o*. Hatitn paguyc R xpyra c neaTpom
B Touke {@,d), BepoATHOCTHL mONMASANMA B KOTOPHH CiywafiHol ToUKH
(X,Y) paBua 0,997.

Pemeune. Ofosnaum Z 2 col(X,Y). Hockomky CB X u Y
HE3ABHCUMBbI, TO

_ - 1 - » -a3® . 1 _I!—l!’
fZ(wsy)“'fX(z)fY(y)_ame 2 . 2“3 2 *
B asrom ciywae mckoman BepoaTHocts P(D), rme D = Bg(a,b) —
Kpyr pamuyca R ¢ uenrpom B (a,b), BHUHCIAETC COMMIACHO CBOMCTBY

3) f(‘":’y):

P(Bg(a,b)) = ” fz(t,7)dtdr = ” Ix () fy(7) dtdr =
Brla,b) (z—a)+H(y—b)2g R?
11 1
=55 | eo{-gale-ar+re-vn)aar-
(2—a)3+{y—b)I< A2
= t—a ) 1
— T el 1 1.2 2 =
=l ,_z% (== exp{ 2(1: +v)}dudv
FHPL(R/0)?
u=roosg 1 Rjo 2x .
= y = 1 -3 12 =

v=rsing [ 2n l(lre" d‘p)df

Rfa 2 2
= l e ’lzd(%) =1-—-e)4.'_l:){;f2 },

G

Teneps, pemias ypapHeHHE

g3
1—exp { 202

} 0,997,

nonyqum R? = ~262.1n0,003 = 11,6 02. Orcioga R=s3,410.
Orser. Rs234l0.
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§ 11. Muaoromepasie ciydaliubie BeJIMYWHEB

11.1. OcHoEBHEEe XapaKTepucTuKkn MHoromepunrx CB.

Onpenenenne 11.1. Jiax nempeprieHOfl n -meprod cayratinoil ee-
aunun (caysaiinozo eexmopa) X = col{Xy,... . Xp), e Xy,..., Xpn —
cxansapHuie CB, onpeaeneHHble HA ONHOM H TOM e IPOCTPAHCTBE MIEMEeH-
TapHBIX COORITHE, Pynnyus pacnpedescrur F(xy,... ,Tn) ¥ naomuocms

pacnpedesenus f(z1,... ,Tp), KOTOPAS HEOTPHUATENBES, ONPEENITIOTCH
caemyomuM obpazoM:

F(@,... ,2a) P{X, < 71,0, Xn S 70} &
- D

. [ Fltsyeen sta)dty ... dE

-0 —oo

- OCHOBHEIE pezyALTATEH, NoxydeHHEe Hyst apyMepnolt CB, nepenocared n
Ba n-mepryioc CB. B 4acTHOCTH, B TOYKAX HENPEPHIBHOCTH ILIOTHOCTH
BBLITIONHEHO PABEHCTBO

an

f(ﬂ?]_,--- ,3") = mF(I],... ,.’Bn).

Onpegmenenue 11.2. Mamemamusecrum oolcuaauue.u {MO) cny-

qaitHOr0 BEKTOpA X HA3LIBAETCH BEKTOD M[X] my =3 col{mq,...
. ,My), TAE T, = M[X.-] ,i=1n.

3ameyanne 11.1. MO cryualinoro sexTopa X eCTh BEKTOP KOOP-
JUHAT <CpeAHell» Touxu (m,,...,My) B n-MephoM mpocrpaucTee R”,
BOKPYT KOTODOH IPYINIMPYIOTCHE Peanusallul crydaiinoro sekropa X .

Qnpegmenenne 11.3. Marpuny K pasmepHOCTH n X 12 ¢ 3JeMeH-
Tavm kij & M{(X; — m;)(X; — m;)] HAIWBAIOT x0GAPUGKUONHOL MATPU-
yeth. DuemenTtnl kij KOBADHAIMOHHON MATPHIE HRJAIOTCH KOBAPHATNAMNA
CB X; u X; upu i # j, a JEarOHaNbHHIE JieMEeHTHl ki — JHCTePCHSAME
CB X, re

k2 A2 =M[(Xi-m)?, i=Tn

Jincniepcun d;, ¢ = 1,7, XADAKTEPH3IYIOT DAcCEHBAHHE Peain3a-
npft KOMIIOHEHT CAydaiiHOrO BEKTOPA OTHOCHTEABHO CPefHed TOUKH

mx 2 col(my,... ,Mmp), 8 TpH PHEKCHPOBAHHKIX AHCHEPCHAX KOBADHA-
mun kij XapaKTepH3YIOT CTeNeHb JHHeHHOo# s3apncamocTe Mexay CB X;
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u X;. B wacruocty, 1o csoficrsy 2) kxy npu Jmueituolt CBa3n Mexay X;
n X; KoBapuamms Mexxy HuMA pasua k;; = to;0;, a no ceoitersy 1) kxy
Beeraa [ki;| < oi0;.

Onpenenenne 11.4. HopMupoBamiyy KOBAPHAOHOHHYI) MATDPH-
ny R, ssemenTaMu KoTopo#l sBiAtoTCA KosdduleRTsl KOppenaups ri; ,
HA3LIBAIOT xoppearyuonyotl mampuyeil

Marpuup K n R HeoTpHUATENBHO ONpefelieHB! M, KpPOMe TOre
CHMMETDHYHH, TEK KK

£ MI(X; ~ ma)(X;; ~ mj)] = M[(X; — m;)(Xi — mq)] & ks,

Onpegenenne 11.5. CB Xj,...,X,, Ha3bLBAIOTCH HEIGBUCUACK-

n
MU, €CTH A MOBHX Ty, ... ,2n € R Fl2,...,2.) = [] Fi(a:), rae
i=1

Fi(z) — dymiiun pacupenenenna CB X;.

Onpezenenne 11.6. CB X;,...,X, HasupaloTca nonapmo
HEXOPPEAUPOGAHHYMY, eclIH k;; = 0 mpH Beex § # j.
Ecnmr CB X,,...,X, He3aBHCHMH, TO OHH ABIAIOTCA N HOOAPHO

HexoppengposanEpivu. O6paTHOE YTBEPKIEHHE HEBEPHO.

Eom CB 2z 2 col(Xy,...,Xn) amasercd nenpepnibHO#, TO
AAs He3aBUCHMOCTH X;,..., X, Heo0XomgumMo M [ACCTATOMHO, 4TCOH
n

f{z1,...,2e) = [] fi(x;) Bo Bcex TOUKAX HENMPEPHBHOCTH 9THX
i=1

dyaxuefi. Dror GakT OOKAILIBAETCH N0 MHAYKIMH Ha OCHOBe cpofictrsa

8) f{z,y) mna apyx cnyuyaliHeiX BeIHUMH.

Ceoficrea M[X] u D[X]

Th n
1) MY X = SSM[Xy]. Oyers Z £ col(X,Y) — nenpepunnan
i=1 i=1
apymepnas CB, rae X = X1, Y = X;. Mo ceoficrsam 6) f(z,¥) u
7) f(z,y) mmeem

+oo +oo +os oo
Mix+Y)= | | @+ ndedy= [ [ fz9)dy)dz+
T» (+J f(z,y} dz) dy __"'Iz fx(x)dx + Jyfy(y)dy M[X] + MI[Y].

Amommo,nomﬂnaemd:opuyuanmmcxpemmeB XnunY.
Q6man dopMyss JOKASKIBASTCH 10 MHAYKUMK,
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%) Ecnn CB X;, i = To7, nesamucmast, o M{[] Xl = [] MIX:].

=1 =l

Nyers Z 2 col(X,Y) — menpeprnmnas apymepuas CB, rorma no
ceoftctsar 7) f(2,y) ® 8) f(z,y) HMeem

+oo 400 +o0 +co
MXY]= | [ syfzy)dedy= [ [ oufxl@)fv(v)dady=

- -0 o —03 =00 .
= I zfx(x)dz I yfv(y) dy = MIX|M[Y].

O6maa dopmyns ,nomamna.e'rca no lm,u.ylcxmu
n
3) DI X = ZI DX + 2 Z S k. Oyers Z 2 col(X,Y),
i=1 i=1 =i+l
TOrZIa [0 CBORCTRY I)M[X]

DX+Y]=M[(X+Y -M[X+Y)}=

=M(X + Y — (mx +my))’l = M[((X —mx) + (¥ —my))*] =

=M[(X -~ mx)?] + M[(Y — my)?} + 2M[(X —mx)(Y —my)] =

= D[X] + D[Y] +2kxy.

Asanoruuno goxasmpaerca dopmyns 1 gua apckperinix CB X u Y.
Obmiasa popmyaa BOKaIHBRETCA M0 HHIYKUHR.

4) BEom CB X;, ¢ = 1,n, nonapHo Hexoppemuposauml, T.¢. ki; =0
npu i # j, To us ceolicrsa 3)M [X] crenyer

D[f; X;] = 3" DX

fu=1 i=}

5) lrijl < 1 npm i # j. O6osuaumm X 2 X,,Yéx-.nycrbax>o

oy > 0. PaccmorpaM HopMupoBananie CB X= X;—:lx ’ I;A Yo-:w ’

ANA KOTOPLIX D[)‘f = D[lt’] = 1. Mo onpegenemno 10.8 nonyuaem ryy =
= k)h"‘ TovroxMy, Do JOKA3AHHOMY Bbilie CBOACTBY

D[X +¥]=D[X] + D[] +2k; , =2+ 2rxy.

Thi KAK AECIEPCHS He MOXET GHTE OTPHIBTERLHON, T €. D[)‘(-H;]?O,
T0 noayvaeM Hepasencrso 2+ 2rxy > 0. Orciona chaemyet, 4Te rxy =
;_10
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PaccMaTprpas ARCIEPCHIO D[)} - 1:'}, MOXKHO AHANOTHYHC HONYYHTh,
9TO BHITOIHACTCH HEPABEHCTBO rxy < 1. Taxmum obpasom, |rxy| £ 1.

11.2. MHuoromepHoe HopMalibHOS pacnpefelieHRe.

Onpenenenue 117, Tosopar, wro n-mepuaa CB X écol(Xl,...
.y Xn) EMeeT wnopmaasvnoe (2ayccoecxoe) pacnpedesenue, X ~
~ N{m; K), ecnn ee nA0THOCTh pacnpeiesielus eCTh

fx(z) = —(‘/ﬁe@{—%(m—mm"(z -m)},

rae det K — onpelenuTellh NONOXKHTENBEO OOPENeACHEOR MAaTPHH K |
A a

m = col(my,... ,ma), & = col{zy,... ,Zn).
ILnoTHOCTE HOPMANLHOIG PACIIPEACCHHAS MOMXKHO 3aJATh TAKKe qepes

anemenTH obpaTHOft Marpuunt K1 Taxum ofpa3som, Xak >To caenano s
onpeaenennn 10.11 npu paccmorpernu gpymepsolt CB.

CeolicTBa HOPMANLHOTO pacupefenenus N(m;K)

1} M|X] = m, kopapuanmorras Marpura CB X pasma M[(X -
—-m)i{X -m)T|=K.

2) Tak xak Mmarpaua K — HeBLIDOXKJEHHad, TO KOXKAAA i-A
xomnonenTa X; BekTopa X pachnpefeiieHa HOPMAJLHO.

3) Bom X ~ Nm;K), o ¥ & AX +b, tne A — marprma
pasMepHOCTH 1 X k ¢ rangA = k 1 b — PexTOp PAIMEPHOCTH 7, HMEET
pacnpegencine N{my; Ky), rae my = Am+b, Ky = AKAT.

4) Hycrs CB Y 261X +...+ a0 Xn, tie X1,... , Xn paCHpesesents
HODMBJIBHO, 3 KOMPOHIMEHTH ay,...,a8n € R' He Bce paBHBI HyIIO.
Torma CB Y pacnpegenena RopManbHo.

5) Ecnn cayuatinsiii BeKTOp AMeeT HOPpMaXbHOE PacIpesesieHue, a ero
KOMIIOHEHTH! NONapHO HeKOPPeNupOBaEHB!, TO

F@1yees o Bn) = — exp{—gzl_—m')s} X...

o1V2n 20}
1 (170 —mn)z _
o a”v,z_ﬂexp{— = }—fl(a:l) oot Falza),
T.e. CB X,,..., X, #esapucaMu. Ho u3 He33BHCHMOCTH CIEAYET HEKOP-

PEIMPOBaHHOCTD (CM. CBOHCTBO 3) kyxy ), MOSTOMY AN HOPMAJILHOTO Pac-
npefieleHns YCAOBHs HEKOPPENHPOBAHHOCTH H HE3HBHCHMOCTH KBHBA-
JEHTHEL.
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11.3. Bupxesoii napagokc. PaccmoTpiny melonsiTHHE 3KOHOMU-
vyecknit mpumep. IIycrn uMeercs Havsnnumit kanutan K |, koropuiit Tpe-
OyeTct yResMYHTE. s 3TOre MMEI0TCA ABe BOSMOKHOCTH: BKISAMBATE
ACHETH B HAafJEXXHHN OaHK M mOKynmaTh Ha OHpike akius HEKOTOpoit
xomnauun. I[lycts « — gons gkanwTana, BKAAALBaeMast B Gank, a ¢ —
RO KATIHTAJIA, packofyeMas Ha mpuobperenne axumit. OveBHEHO, WTO
0 € u+v £ 1. Hpeanonoxum, 6ank rapantupyer b x 100% > 0 roposrix,
a axuuu npanocar X X 100% rogoseix. Tak KaK HPEANONATACTCA, YTO
Gauk abcomoOTHO Hagexen, To b spineTca Hecayvaiino#t Beymaunoil. Cro-
HMOCTh KL, KAK MPABHIIO, MEHAETC B TeYeHHe rofa, T.e. X ABaserca
cny4dattnofl sesrqunol. JdonycruM, wro npaobperenne akuutt B cpemHeM

Oonee npuOLIALHO, 9eM BACKEHHe CPeacTs B OaHk, T.e. my 2 M[X] >
> b > 0. Ho npu 370M HMEETCH HERYJIEBAS BEPOATHOCTD TOI0, YTO AKIHH
obecuesTCH M MBI HOTEpsieM BCe HEHbIH, BIoxenubie B axuun, P{X <
£ -1}=¢e>0.

Takrm o6pazoM, MH MOXKEM HANESTHCH, 9TO WepPe3 roj KalRTANl
cocraBur semriny Ky = K(1+bu+ Xv), koropas sipnsercs cnydaizoil.
PaccmoTpeM TaKiKe oXKHIaeMOe Yepes rof, CpejiHee 3HAYERHE KAITHTATA!

Kol(u,v) 2 MK (1 + bu + Xv)] = K(1 + bu + mxv).

IlocTapaM 33884y PACOPEIEIMTE KaNHTAJ TAKMM 00pa3oM, 9Tobbl MaKCH-
MU3HPOBATE Cpepull DoXoxn 3a ron;

Ko(uo, v0) = o o Ko(u,v).

Herpyano naltty pemmenne 3Toff MpocTolt sadayu aurelinoeo npozpam-
suposanus. Tak kax no ycorosuio sagaum my > b > 0, 1o, oyeBnano,
BCE JEHbTH HYJKHO BEJSAKBATL B &KIHH, KOTOpHE B cpeiueM Gouee
ApuGHINBELL, 9eM BIOXKEHHE B GaHK, T.e. ug = 0, vy = 1. IIpu Taxoft
CIPATErHH Chefilice 3HAMCHHE KallHTAaNa 4Yepes rof, GyaeT MakcMMaJsibHO:

Ko(uo,v0) = K(1 +mx).

Brtacaum, K 9eMy NpUBeAeT TAKAA CTPATErHH YIPARICHHA KATKTAIOM,
ecliM NpHMeHsTh ee MHorokpaTno. IIycrs X, ¢ = 1,m, — exkeromueiit
MPHPOCT KAMTANA 3a cueT npuobperenns axmuit, [Tpeamonoxnm, wro CB
Xi, i =1,n, nesasucumet. flycts u; =0, v; =1, i =1,n, T e. exeronuo
MOKYMAKTCA TOMBKO AKIME, KOTOPLIE B cpejeM Gonee MpROBULHEL, TeM
Bioskenne B Gank, M[X; = mx > b > 0. Torna cpepuee 3nauenme
KAILATAJIA 9€pe3 fi JIET COCTABHT BeIMIHHY

K, 2 M[K H(1+X)] K [T +MX:]) = K(1 +mx)™
i=1
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3aecy ucnonszosanock ceoiterso 2)M[X]. Tak kak no npeamoncxenuio
my >0, 170 14+mx > 1, [lostomy opu n — o0 monyuaem K, -3
-+ 00, O6pasno roBopd, OpH TAKOM YHPABICHMH KAINTAIOM MOKHO CTATD
HEOrPAHHYEHHO GOTATHIM «B CPEIHEMS.

INocMoTpHEM, YTO BPOUCXOEMT ¢ BEPOSTROCTbIC HAIIErO PA30PEHHS DK
BHOpanuoff crpaTernu

P(B,) £ P(Ay +...+Aq),

rae cobniTEe A; 2 {X; : 1+ X; € 0} xapaxrepu3yeT paszopenne B i-it
rog, a cobnirue B, £ Ay +...+ A, — BOSMOXKHOCTE PA30OPEHnsE XOTA O
OJIMH Da3 3a N JeT.

Paccuorpim npotusononoxHoe coberree By, = Q\B,,. Bocnomaosas-
mMch cBolicTeoM 11)A, Haxommm

n
n=]] A, rame A ={X;:1+ X; >0}
=1
Tak kax CB X; ne3asncHMBI, TO HE3aBACUMHE TaKxke CcOOHTHR A;, { =
=1, n. TTosToMy HMeeM

P(B,) = ﬁ P(4;) = ﬁ P{X;+1>0}.

=1 i=1

Ho o npennonoxenmo P(A;) = P{X; € —1} =¢ > 0, . e. ¢ Henyneso#t
BEPOSTHOCTBI0 MQXKHO HOTEPATh BECh KANUTAI B KaXKAbIH# i-% rox.
Hosromy P(4;) =1—-P(4;) =1 — ¢ < 1. Orcioaa cnenyer, vro

P(B,)=(1—¢€)" =0 npu n— oc.

A cnesosaremsro, P(B,) = 1 — P(B,) =+ 1 npu n = o0, T.e. Bepo-
STHOCTh PASOPEHUS TPU BLIOpaHHOR CTPATErAH CTPEMHTCH K EIAHMLE.
H 310 HECMOTPH HA TO, 9TO cpegHult KOXOZ cTpeMETCH K GecKOHedHOCTH,
B »1oMm 1 cocrouT fupoicesodt napadoxke, K KOTOPOMY MH IPHINAYK, PelTRs
HOKYNaTh JVIIE OSHH AKNWY, OpeHeOperas BO3MOMKHOCTBIO NOIYydeHHA
B Oanke x0Th H HeDONBIION, HO 3aTC rapanTUpoBaHHolt, mpHbnimn. Jro
JHAYHT, YTO He CNeAyeT «CKASABLIBATE BCe AfA B OOHY KODPIHHY.

Ha npaxTike, 9ToOn m30eKATE 9TOr0 NapHBOKCa, HCIGNL3YIOT TAK
HASHIBAEMYIO Aozapudimusecxyne cmpemezuw, KOTOPas OTpenendeTcd U3
CIIEJIYIOMIEro YCAOBHA:

Lo(ug,vg) = - u;oM[ln(l + bu + Xv)),

T. €. B3 YCIOBHS MAKCHMH3AHAM CpeiHell CKOPOCTH DOCTa KamuTada. B

9YACTHOCTH, MHOLK3 mpeAnoaaraior, yro CB Y21+X HMeeT JOrEOp-
MaIbHOe pactipenenense (cm. onpesenenne 7.5). IIpn sorapugmuvecko
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CTPATETHH KATHTAJ DACHpeAenaeTcs, KAk NPaBRNo, B HEKOTOPHX MPOTIOD-
OHAX MeXKIY NOKYNKolf akmull ¥ BioKeHHeM B OaHK,

Crenyer Take OTMETMTb, YTO PACCMOTPEHHLIT NpHMeEp Xopomo
HT0CTPUPYeT 0COGEHHOCTE noBeAeHNns Caydaftuoll eCne 0BATeREHOCTH

n
Z, & K T[(1 + bu; + Xiwg)
i=1

npH n — co. B oTaAgne 0T HeTEPMUHHPOBAHHON NOCHAECRATENLEOCTH
cnyqaiiHas HOCIESOBATENLHOCTE MOXKET CXOZMTCA B Pa3HBIX CMBICAAX M
K Da3HbIM 3HaveHHAM. B aawHoM mpumepe ecmm uw; > 0 # v = 1, 10
Zn ~ 00 B CpefHeM H B TO e BpeMs Z, — () 10 BepoATHOCTH.

11.4. Tumobble 3agaun.
Sagaua 11.1. Jas cuyuyadtunix Beuuun X W Y, pacCMOTpERHEIX
B 3a7a4ve 3.2, NpOBEPHTL CNPABEIMBOCTE CJICHYIOLINX PABEHCTE:
M[X + Y] = M[X] + M[Y], D|X + Y] =D[X] + D[Y] + 2kxy. (11.1)

Pemenne. Ins npoBepKH YKA3aHHBIX DABEHCTS HalimeM HeoOXomH-
mbie sHavenns M[X], M[Y], D[X], D[Y], kxy, Bocnons30BaBIHCH
NoJy9eHHBIMA B 3afade 9.2 panamu pacnpefeacaua CB X u ¥

2 3
1 3 1 11
MlX}= 3 a@ipi= 5, MY]=3 ypj=1 342 3=7,

i=1
2
DIX]= 3 (e -MX)pi = (-5) - 2+ (1-3) 1 =1,

i=1

DIY) = 3005 ~ MIV)ps =
=(-5) (-5 3+ -9 -5

rxy = 3° 3 (e ~ MIX])(y; — MY D)py; =

i=1li=l

2 3 :
1 3 1 1 3
=§j§iziyipij-M[X]M[Y]=1°§+2°1'§"*§--8—=-1—6-,
Taxum oSpasoms, mseem
MIX]+MY]= 3+ 3 = 3,
31 3 71
D[],]+D[X]+2_kxv=z+6—4+2-§=§.
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Coraacuo zanave 9.2, M|Z] = %, D|Z) = %,r,qe Z&X+Y.

Creporarentno, cupaseymes pasencrsa (11.1).
Oreer Papencrsa (11.1) Bepru.

3aaava 11.2. Mana xoBapuanHoEHAA MATDHIE CIYyYalHOTO BEKTOPa
zZ= ool(Xl, Xz,Xs):

16 —14 12
Kz=|lkjll=| -14 49 -21
12 -21 36

CocraBrTs Koppenanuonnyio MaTpuny Rz = ||ri;|].

Pemenne, [Hockoneky no onpeaeneHuio

,...j=.__l‘:'f_._.’
vk - kj;
To
-14 14 1
fn=rg=rg=1 T2 =y = e = g = 5
empee 21 w1
13 =T = e = o7 3 T =T a0 5 3

1 -1/2  1/2
Orsert. ||ry]| = ( -1/2 1 -1/2 ) .
1/2 -1/2 1

3amaua 11.3. Hapectho, uto D{X] =1, D[Y]=2, D[X + Y] =3.
Hatiru kxy .

Pemerne, Henonpsya bopMyay AnA ANCIEPCHM CYMMDI, TTOJIYaEM
D[X + Y] = D[X] +DM +2-kxy,

OTKYAA

kxy = %(D[X+Y]—D[X]—D[Y])= 3-;“2 =0.

OTrer kxy =0,

3agaua 11.4. Ha cTome HANOroBOrO HECREKTOPA JIEKAT TPH JeKiaa-
PAIMH OT NPEACTABHTENEfl PAMYHNX TPYNN HacenernA. BeposTHocTH
COKDEITHS JZOXOROB NPH 3aTCAHEHHH ZEKNADAUNH A OAHOTC TPERCTABR-
Tensa KaKaol rpymunst paBHR cooreercreenno 0,05, 0,1 u 0,15, IIpeano-
NOMKAM, YTO COKPHITHE AOXOAOB OBHApYKRBaeTCs MpH Npopepke B 100%
cayqaer. Haltri cpeapmit Roxon TocyAaAPCTES OT NPOBEPKH ITHX JAeK/Ia-
panuft, ecnrm cymMMa Hanaraemoro mrpada pH 06HADYIREHHHM COKPHTRS
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J0X0mAa COCTABAAET IO rpymmax gacenerns 100, 250 m 500 MunuManbHEBEX
OKJIAROB COOTBETCTEEHHO,

Pemenne. Paccmorpum cnyvaiiuyo penm4uEy X , paBHYIO JOXOIY
rocyaapcTBa OT NPOBEPKA Tpex Agknapanedt. B samaue TpeGyercs nafith
epednuti dozod, T. . MaTemaTudeckoe oxuaaane CB X . Moxuo maltTh
M|[X], nocrpons paz pacnpesenerns CB X M BOCIOJIB30BABIIHCH ONPe-
JIENEHAEM MATeMATHISCKOro oxunanud. O/HAKO IPONEAYDa IOCTPOSHE
psiga pacnpenencina CB X mpeacraBaserca FocTaTOqHO TPYHAoeMEKOH.
JauHas sanaua gomyckaer Dojiee IpocToe pelnenue, OCHOBAHHOE Ha HC-
NCAB30BAHEH pacupeiencuns Beprynmu. Cayvalinad peinaura X MOKeT
OHITH NPEACTABICHA CRCAYIOMAM 06pasoM:

X = 100X; + 250X, + 500X,

rae X; ~ Bi(l;pi)} = 1,3, p1=005, p; =01, p3 = 0,15.

Cayualinad sesmumRa X;, MMEOWAA pacrmpefeneuue Bepmyimm,
NpHHEMaeT 3Ha4eHHe 1, ecnd i-lf mogaBmuil IEKIAPALIHIO CKPHIBAET
moxom, 1 0 — B nporusHoM ciydae, npuwseM M[X;] = p, ¢ =
= T, 3. Bocrrosmpayemcst CBOACTBAME MATEMATHUECKOTO OXKHAAHHSA MAJIS
srrgHcTenus M[X]:

M][X] = 100 M[X,] + 250 M[X;] + 500 M[X;] =
= 100p; + 250p; + 500p; = 105.

OreeT Cpemnmit Zoxox rocyAApCTBa O OPOBEPKA NMOAAHHBIX TPEX
Jexnapamuit cocTaBHT 1056 MAHRMMANBHBIX OKABIOB.

3agaua 11.5. HssecTro, uTo cayyalinutt ekrop Z = col(X,Y )}, rae
CB X — pocr Hayraj B3gTOro B3pocnoro my:xuman ¥ CB Y — ero
BEC, YOBAETBOPHTENEHO ONNCHBACTCH ABYMEPHLIM HOPMAILHBIM 33KOHOM
PacTIpeieieRus ¢ MaTeMATHICCKHM OXKHIAHHEM Mz = col(175,74) u
KOoBapHaluoHHol MaTpumelt

49 28
Ka=lhil=( 33 % )-

Cuanraercs, IT0 96M0BEK CTPAAAET H3OLITOYHEIM BECOM, €CIN BRIIOAHAET-
ca Hepaserncteo X — Y £ 90. Haltra: @) Maremarngeckoe omuganue u
JIHCTIEPCHIC XADAKTEPHECTHKY H36rTounOTO Beca X — Y5 6) BeposATHOCTE
TOro, 9T0 Hayraj BROpaHHEI My’KIMHA CTPAARET H3OLITOTHEIM BECOM.

Pemenne. ) Tax kak sexrop Z = col(X,Y) pacrpeznenen HopMaiib-
HO, TO HOPMAIIBHO pacipefejeHH B ero kcopmumarsr: X ~ N(175;49),
Y ~ N{74; 36). Teneps, cornacuo csoficrsy 2) N{m; K), passocrs X —
— Y pacopeneneHa HOpPMSJIBHC. BHYHCIHMM IapaMeTpH STOFO 3AKOHA
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pacapeaenerms
M[X -Y]=175- 74 = 101;
DX -Y]=D[X])+D[Y] - 2kxy =49+ 36-2-28 =29,
6) Taxnu ofpazom, X — Y ~ N(101;29), u creposarensuo

90 — 101
V29

OreeT a) M[X-Y]=101, D[X-Y]|=29;6) P{X-Y < W}=
=0,021.

P{X-Y %} = -:; + ¥ ( ) 20,5 — $9(2,04) ~ 0,021.

§ 12. Bagaum AN CAMOCTOATENBLHOrO pellenus

1. Tyers F(z,y) — bynKnas pacnpeieieHAA CAy4aHOro BeKTopa
Z = col{X,Y). Byaer mu F(2,0) dbyuxmueli pacupesiesenns AexoTopoi
cayqalinoit penuarH?

2. CB X ~ Bi(1;0,2), ¥ ~ Bi{1;08). Jna CB Z = X +
+ Y eerunchurs Fz(l), cawras Bee cobriths, cpsisannmie ¢ X n V),
HE3aBHCHMBIMH.

3. Cayuattame sexuumant X ~ N{0;1), ¥ ~ E(1). Buuucmnts
M[Xx3 -¥?].

4. HoafpacHealoT TPH Hrpanbiee KocTH. PaccMarpasatotes caygait-
Hhle BeNEYHHL: X — KOMW®ecTBO KoCTell, HA KOTOPHX BHIDAJC 1UECYh
OTKOB, Y — KONHYECTBO KocTefi, Ha KOTOPHIX BRINANO NaTh ouxkos. Hatitu
M[X + Y] u sakon pacupesenenus CB Z =X 1Y,

5. 3anan 3aKkoH pacmpencnenus cayuaitsoro pekropa Z = col(X,Y)
(cwm. Tabn. 12.1). Tpebyerca:

Tabauna 12.1 G) HAlTH 33KOH PACIpefesieHHS Ciryuafinol
Pk <1 ] 1 Besmuans X + Y ;
T YA BYA §) npoBepUTH CIIPABEAHROCTD PABEHCTE:
2 0 |1/6
3 /3| 0 M[X +Y] = M|X} + M[Y],

D[X +Y] =D{X] + D[Y] + 2kxy.

6. Haltrn xopapuaumso k.x, rme X — Hexorcpas CB, a ¢ —
KOHCTAHTS. '
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7. B npoayxuum 3apoga Opak Berencreue aedexra A cocraenser 3%,
a BeencTene gedexta B ~— 4,5%. Fopmas nponyxuus cocrasnser 95% .
Hattta xoadxbrument xoppensauun gedextos A 1 B.

8. Cayualinnilf pextop Z = col{X,Y) umMeeT COBMECTHYIO IIOTHOCTD

a
seposTHOCTH f(2,Y) (e Tpebyercs:
6) HallTH HEWIBECTHYIO KOHCTANTY &
6} MecneRosaTs pesmumAl X B Y Ea He3aBACAMOCTL H HEKODpEIH-
POBAHHOCTE.

9. Cayvattuit pexrop Z = col(X, Y} mmeer bynxkmuio pacnpesene-
HHA

Flz,y) = { 0~ B OCTAJIBULIX CAYJadX.

Haitryu yacrane pacnpenenens CB X a Y. HecnenoBaTe 3TH BeHIMHES
HAa He3aBHCHMOCTS H HEKOPDeANPOBAHHGCTE.

10. fAsnserca ;mu pyHKups Flz,y)=x'y, rAe 2,y € RI, dyHKIRelt
PACIPEAEIEHNS HEKOTOPOTO CnyIalinoro sexTopa’l

11. fAsnsercsa nu pyHKIHI

™

Flz,y) = -“1—3 (% +a.rct.gz) (2 +arctgy) , z,yeR!,

$yuximei pacnpegenenus HEKOTOPOTo ciyuaitHoro sexTopal

12. DOycrs f(z,y)— MIOTHOCTL BEPOATHOCTH CIY4a#HOrO BEKTODA
Z = col(X,Y). Byzer mn f(y, ) NIOTHOCTHIO BEPOSTHOCTH HEKOTOPOTO
cliy9aituore BekTopal

13. Hapectao, wro M[X] =1, M[X?] = 2. Halttn kxx .

14. HasecrHo, wro CB X ~ E(1), D[¥] =2, D[X -~ Y] = 3. Haltru
kxv.

15. Haitre KosdyxpMMenT KopPeasI#Y MeXIY CAyJaiHbivMy BeJMH IR~
mavu:a) X 1Y 218X;6) X u Y&7-2X.

16. Mseecrno, wro CB X ~ R(-1;1}. Ilycts Y £ cosX. Hatiri
kxvy.

17. Kommasnsa pemrans OCYNECTBETE TP HEIaBACHMEX INPOSKTA
MO COSNAHHIC YHHKANLHON NPOAYKIHH B eONBCTBEHHOM SKIeMIUIADE.
SarpaTel HA OCYMECTBACHHE KAMJOTO NPOEKTA OFHHAKOBEI H DaBHEI
1000 y.e. Ilena sxzemManfipa OPOOYKIHM, NONYYSEHHOTQ B De3Y/ILTATE
OCYHIECTRNICHNS. NEPEOro APOEKTa, B 3 pasa NpeBHIGAeT 3aTPaTH Ha
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ero cozgapue. Jlna ocTapmmxcA ABYX NPCEKTOB COOTHOINEHME IEHE
X BaTpPaTaM pPaBHO COOTBETCTReHHO 5 H 7. BepoaTHOCTH TOTO, 4TO
MOJyYeHHEe TPH SKIEMINAPa ADH YCTAHOBIEHHBIX LeHAX HalOyT cOoIT,
PaBHM cooTBeTcTBeHHo 0,9, 0,7, 0,56, Hailfra, Bo CKOMIbKO paz cpeaumil
JOx0H, OT MPOASKHE BCell NPOAYKIMH HDEBEICHT cyMMapubie 3aTPATH Ha
ee IPOUZBOACTEO (IIPH YCNOBMA HEW3MEHHOCTH LEH).

18. ¥ xaxa0r0 M3 ABYX OCHOBHEIX IpeABHGOpHEX OaoKos mapTril M
obpeauReRHil HMEETCH CIHCOK B3 Tpex Hanboee BepOATHHX KAHNHAATYD
HA BBLABHIKEHKE B KAYECTBE MpeTeH e -
Tabaunal22 71a wa nocr npesmgenta. PaccMoTpum
1 2 3 cayvaliamit sexrop Z = col(X,Y), txe
73 13 127 X — HoMep NMpeTeRAeHTa, BRLIBAIAEMO-
i 1 [1/37] roAn dEHAILHOTO TYPA IMONOCOBAHES
%77— /27| B curcke mepBoro broxa, a ¥ — ana-
JOTHIHBIL HOMED NPeTeHICHTA B CIIRCKE
proporo 6noxa. BepostaocTh mosBie-
HHSI PA3IHYHEIX AP B (PUHANLROM TYPE TONOCOBAHNS, COIVIACHD OHEHKAM
SKCIEPTOB-IIOVIRTONOTOB, oTpaxkena B Tabn. 12.2. Onpenenure HanGonee
BEPOATHBIX MPETEH/IGHTOB OT KaAoro Hnoka m kosgpdummert koppens-
UAH MeXKAY HOMEepaMH IMPeTEeHNEHTOB B (bHHAJLHOM TYDE POAOCOBAHHEA,

19. Bpax B npoAyKOMH 3aB0Ja BeaeacTsre Aedexta A cocrasun 6%,
TpHYeM Cped 3a0pakoBarHolt o mpusHaxy A npozykouu 58 4% ciyvaes
pcrpeuaerca Zedext B, a B npogykiuu, ceobomuoit ot fedexta A, nedexr
B scrpevaerca s 1% cnyvaes. Halire BeposTHOCTE BeTpeTHTh JedhberT B
BO BCelf NPOAYKIHH ¥ KO3 pHIUMeHT KOPPEAANUE MEKIY IPHIHAKAMH A
€ B.

20. Pacmpegenenue ciuydaliroro Bexropa 3amano Tabm. 12.3. Hafitu

3aKOH pachpemeneHus cnyualinoh
Tabnuna 12.3 BeJIHYHHEL

X\l -11 o 1 U=X*4+7%-1
-1 0071 0,1 10,13
T 02 (0230,

21. Jpe neaapucEMEIE cryuaifinme pemmyumst X H Y nogaumennt
nokasarenpHoMy zakony: X ~ E()), Y ~ E(u). Hamucars Bbipaxce-
HHe COBMECTHON ILIOTHOCTH BEPOSTHOCTH H (hbyHKIMH pacnpefe/ieHusd.
IomcurTaTh BEPOATHOCTH MONAJABHAS B KBAApAT ¢ Bepmmuamu A(0,0),
B(1,0), C(0,1), D(1,1).

22. HaitTH BepodaTHOCTH TOro, ure caydaiino GpOmeHAan TOYKA C
koopaunaTamu (X,Y} nomager na ofnacts [, OEpefiesicHEYIO HEPABEH-
creamu {1 <2 <2,1< y< 2}, econ Gynxuns pacupesenenns KOOPAMHAT
3'roft TOUKH paBHA

- -2y —? =
F(m,y]z{é:z -2 V427" 29” z20,¥y20,

mm»—aﬁ
~

B OCTANbHLIX CJIyIastX.
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23. Cuyaaiiasii BekTop Z = col{X,Y’) mueeT COBMECTHYIC IIOTHOCTD
BEPOSTTHOCTH

_ [ daye~ @), 220,520,
flzy) = { 0— B OCTANBHLIX CTydasX.

HaiiTi KoppensunoHnyo MaTpRLY cayualiHoro BeKTopa Z.

24. TlnotmocTe pacnmpedeneHMs BeposaTrROCTel Clyva#iHOro Bexropa
Z = col{X,Y) umeer BHE

fa,y) = { vy’ 0<2<2 0<y<?,
W= 0— B OCTAJILHHIX CJIYUasix.

Haitru:
@) HOCTOSHHYIO ¢}
6) seposrraocts P{X +Y < 2};
6) byaxupio pacnpeaenenns CB X .

25. 3azana ¢yHKUMA pacnpeieneHua cayvafiiorc sekTopa Z =
= col(X,Y):

_) 12727V 7Y, x20,y20
F(:c,y)—{ 0— ’ BOCTaJIbl{bD(,CJIy‘Ia.ﬂZX.

Haitra:
@) JBYMEDHYIO IIOTHOCTE PACHPECNICHUS CIy4aliHoro Bekropa Z ;
§) BepoATHOCTL NONANSHHA cOydallHOH TOMKA ¢ KoopiuHatamy Z
B Tpeyromruk ¢ epumrama A(l,3), B(3,3), C(2,8).
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CIIYYAVHBIE IOCIEAOBATEJNLHOCTH

§ 13. 3akoH GOABIIMX YHCE]

13.1. Buas cxXogBMocTH nocaeaoparensHocrelt CB., B o, 1.3
[pH ONpeAeIeHAR BePOSTHOCTH YKA3IHBaJICA sMnupHIecKEil ¢akT, cocro-
Amall B YCTORYHBOCTH YacTOTH Noseienus coberrua A B Mccnemyemo
onuite G NpH NOCREAOBATEALHOM €r0 HOBTODEHHH. JTOT SKCHEPHMEH-
TaAbHBI akT MozkeT OuiTh OGOCHOBAH MATEMATHIECKH € IOMOIIBIC IAKO-
Ha Honpmyyx gyacen. Ho ais »rore HaM noHagobATed HEKOTOpLIE IOHATHS,
XAapaKTEDPH3YIOMHE CXOOUMOCTh NociienoBaTensioctn CB.

Onpegenenne 13.1. Beckoneunas nocnemosatensuocts CB X,
n = 1,2,..., oupereneHHaA H3 OIHOM IPOCTPAHCTBE IEMEHTADHLIX
coburruft §, HasbiBaeTca cayuatinol nocaedosameavrocmuic (CIT) n
oboanauaerca {X,}, n=1,2,...

B3amevanue 13.1. Ecim noqeioBaTeAbHOCTh COCTONT U3 AeTepPMU-
HHPOBAMHBIX BEJIHYHH X, , TO FOBOPAT, ITO NOCACAOBATENBHOCTh CXONKTCH
K pemamne T (310 obosnanaseTcst z, —+ £ WM li*m Zp = &}, eCH And

00

moboro ¢ > 0 natgercs takoe N > 0, uro [z, — z| < £ mna Becex n >
2 N . IlonpobyemM YTOYHHTE CMLICI TOrO IIORATHA A CIydaiinoft mocme-
HOBATENBHOCTE. TaK Kak xna moboro i, pooSime roBOps, MOMXKET HARTHCh
raxoe £ > 0, 4To cnyuaimoe cobritae {w: |[X,(w) - X(w)| 2 €} # &, 10
HeJab38 FOROPATE 0 CXOINMOCTH Ciyvalinolt nocrenosatensuocrn X, xk X
B NPHBEACHHOM BhIE HETEpMHHMDOBAHHOM cMblcie. MEI paccMorTpum
qeTHpe BEOA CXONUMOCTH nocaenosareisdocreli CB. B pamuelfimem pus
KPATKOCTH BAIHCH ME IO-NpeXkHeMy He GyIeM yKAIHIBATE 33EHCHMOCTDL
CB Xg(w) or swemenrapHoro coSHTHS W.

Onpegzenenue 13.2. Ilycts F,(z) — dyExima pacopeielenus
CB X,,rme n=12,..., n F(z) — ¢yuxuus pacnpegeneana CB X.
CIll {X,}, n=1,2,..., cxodumca no pacnpedeseruro K CB X npn
i —+ 00, SCHM NMOCHENOBATENLHOCTS GynKiult pacnpenenenua F,(z) CB
X, cxomures k ynxiun pacupegenenua F{z) CB X B xaxaoit Touke
HempepueaOocTA yukmuu F{z), r.e. F,(z) - F(z) mpr n - cc. Jror

BHJY, cxoarMocTH Gyzem ofosmavars X, -——F—> X.
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IMpamep 13.1. oscaum ua nmpumepe cryualt, xorna Fn(z) cxomur-
ca k F(x) Bo Bcex Toukax, 33 MCKIIOYEHHMEM TOYEK Da3puiea (hyHKIHH
F(z). llycrs ¢ Beposzaocteio 1 X, =1/n, n=1,2,..., r X =0. Iaa

HHX
_ |1, zz1/n, _J L =20,
ro={g 221 Fe={§ 228

Ouepagso, uro F,(z) — F(x) upu n — oo ana eeex z # 0. Ho
F,(0) = 0 pna pcex n, a F{0) = 1, nosroMy nocnemoBATETSHOCTS
{Fa(0)}, n=1,2,..., me cxomurca ¥ F(0). Ho Touka z = 0 sBagercst
TouKo#t paspuisa yrrmuu F(x), nosTroMy cormacmo onpegenennio 13.2

X, &4 x.

Onpegenenue 13.3. Cnyvatinas mochemoBarensHocTs {X,}, n=
=1,2,..., cxodumea nowmu naeeproe (LE.) x CB X npa n - 0o, 4T0

3aIMMCHBASTCA Kak X, 2 X, ccnum
P {w: "lingoxﬂ(w) = X(w)} = 1.

Ouespamo, uwto ecmn X, IR, X, 10 BEPOSTHOCTh  COORITHA,
COCTOAMIEro K3 TAKHX  , YTO HOCAeACBATENBHOCTE {Zn} peanusauuit CB
Xn(w) ne cxogures x peavmsamp ¢ CB X{w), pasna mymo:

P {w: lim Xa(w) # -X(w)} —q.

Takum 06pa3oM, (XOXUMOCTE HOYTH HaBEDHOE ClIyualiHol NOCHeNOBaTeN b~
HOCTH ToHEMaeTcs mo peammsammsM CB X, u X g B srom cmmicne
NOXOMXKA Ha CROEAMOCTE JeTePMHHEPOBAHHEOE MOCNENOBATENBHOCTH.

o.H.
Kpome Toro, MO3KHO ITOKA3aTh, 9T0 CXOOUMOCTh X, —+ X pasHO-
CHJIBHA TOMY, 9TO I Bcex £ > () nMeeT MecTo

Br00

lim P{sup |Xm—X]$£}=1.
mzn

Onpegmenenne 13.4. Cayuatiuaa nocaenosarenpsocts {Xn}, n=
= 1,2,..., cxodumes no eepormmocmu ¥ CB X mapu n — oo,

4TO FAMUCHEBAETCH Kax X, —1—)—4 X, ecnn mna Beex £ > 0 copasemmeo

nh_{loloP{IXn—X| €¢e}=1 wm RILIEOP{[X,,-XI >el=0.

CxomaMocTs . gnd coydaiinolf NMocnenoRaTeNBHOCTE BJIEYET 33
cofofl H cxoRUMOCTE Mo BeposTHOCTH. JefcTBHTENDEO,

{w: | Xn(w) - X(@)] < €} 2 {w : sup [Xnfu) = X)) < e}.
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Hosromy
,.IHEDPﬂX""X' <€} znlinolop{:gi|Xm-X[ Se} =1

W= cxomgumocTH Mo BEPOATHOCTH HE CREAYET CXOAMMOCTS ILH,

Bean X, —-—E———-) X, TO MOXHO J0OKA3aTh, 4YTO M X, ——{:‘--) X.

O6paTrHoe yTBEpXKIEHEE, BOOOIIE I'OBOPS, HEREDHO.
Bameuanre 13.2. B GupxesoM napagoxce Mbl HMEIH CXOTHMOCTE

z,,l»o.

Teopema 13.1. (Hepasencmeo Hebviwuesa, ycusennvit eapuarm).
Iyemv r -t ebcomomnntt momenwm CB X xomesen, m.e. MIX|] <
< 00. Tozda dan acex € > 0 evnoansemca nepasencmao P{|X| 2 ¢} €
< M[[X[/e".

JdoxazaTenrcTso. g TpocToTH BOKA3ATENLCTBA HPERNONC-
xnM, ywto ¥y CB X cymecrByer miorHoCT, pacnpenenenus fx(z).
Torna, ncnoumays cBoficTeo 3) f(x), mmeem

+o0
MXI2 [ lel fx(@)dz > | lal"fx(z)dz >

—co [zie
> j fx(@)dz = "P{|X] 2 &},
Jzize

OTKYa ceAyeT JOKAIBIBAEMOe YTBEpPIKAcHIE,
PaccMoTpHM BaXHHHA YACTHEHIL CIy4all IPHBeNeHHOTO HEDPABEHCTBA.

IIycers CB Y 2x —mx, re mx a MIX)]. Torpa, monaras B HePABSHCTBE
Yebrmmena r = 2, TOIyTHM

M[|X - mx[’) A D[X
P{[X_mxlzs}g | szm-’d] ___5[2_1.

Jamevyanne 13.3. [JaHHoe HepaBeHCTEO, IO3BOISIONIEE OLEHNTDH
CBEpXy BEpOSTHOCTD orkicHerHs CB ot ee MO Ha ocHoBe uHbopmanuy
JHML O ee AUCHEPCHH, MHEPOKD HCIIOIB3YETCA B TEOPHH OUCHHBAHHA U
YUpPasACHHS CTOXACTHYECKMMHM CHCTeMaMA. B nureparype uame Bcero
MMEHHO NocHeIHee HEPABEHCTEO HAa3HBAOT HepasencTeoM ebnimesa.

Onpegenenre 13.5. CnyuafiHad nocaexoBaTensnocTs { Xy}, n=
=1,2,..., cxogurca K CB X 6 cpednem meadpamuveckos OpE n —»

~$ 00, 9TO 3AIKCHBaETCA Kak Xy —— X, ecnu M[|X,, — X|?] = 0 npz
n - 0. '
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Hoxaxem, ato ecmn X, &}X,-ro X -—P’—-bX.,IIencrnmeJmno,

paccmorpam CB ¥, 4 Xa — X . B cuny nepaeencrea Yebpimera ana CB
Y, maeem

M[Y2] & M[X. - X[
g2 '

P{[Ya| > e} < P{[Ya| 2 ¢} < €2

Hostomy, ecmn Xy ——3 X, T.e. M[| X, — X[?] 5 0 1pz n — 00, T0
s uoboro & > 0 punomaserca P{|¥,]| > ¢} = 0 upux n = o0, T e.

Xn —-L) X . U3 (X0AMMOCTH [0 BEPOATHOCTH He ClefyeT CXOOHMOCTh B

CcpefiHeM KBaJpPaTHIECKOM.
Crazb MexKAy pPasiuYHEMHE BUZAMH CXOOAMOCTH Y#00HO IPEACTABUTD
B BHjle Aorugeckodt cxemut (puc. 13.1).

X2y
\ P F
e x>l x-5x
2y 7
Puc. 13.1

13.2. CxogumocTs ycpeAHennoii cymmer Heaapucumbrx CB.

Onpegenenne 13.6. Byaem rosopuTs, 9T0 Ciyuaiibas nocnenopa-
resbiocTd {X,}, n=1,2,..., ABIgeTCE NOCAIOBAMEALHOCIMBIO HE3A-
sucumwz CB X,,, ecom npe mobom n CB Xl, . s X, HE38BHCHMEIL.

PaccuorpuM YCpeIHEHRYIO CyMMY Y, & =2 E X Hezasucumux CB
k=1
Xi, my 2 M[X;), & =T,7. Hcnonsaya caoficrso 4)M [X] , nomywmm

Mi%l= 3 S M2 LS mi, D= 3D

k=1 k=1

Onpenenenne 13.7. Byaem rosoputk, 4T0 K NOCHEOBATENBROCTH
{X,}, n=1,2,..., nesapucumbix CB npumern saron 60avtuus wuces

(3BY), ecom Y, — M[Y,]| L0 IpH 7 = 00.

Teopema 132. Ecau dar nocsedoeamesvrocmy {X,}, n =
=1,2,..., nesaoucumnx OB swnoinsemes ycaoceue JEEoDD,"] =0,

Mo x 3Motl NOCALIOBEMEABHOCININ NIPUMERUM FEXOH HOADLILT “uces
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JdoxaszaTearcTeo, YTBEPKAECHREe TEOPeMH DABHOCHIBHO TOMY,
yTO

nli‘rgo P{lY, —M[Y,]| >} =0.
ITo nHeparencTey Yebnrmera

P{¥n — MI¥,]| > €} < P{[¥, - M[¥,]| > ¢} < 252

CornacHo ycnopmio TeopeMsr, monyvaem: |Y, — M[Y;]| AN
VrBepxaeuue TeopeMbl ocraercs BepHuiM, ectu CB {X,}, n =

= 1,2,..., ABNAIOTCA JHUIL NONAPHO HEKOPPENMPOBAHHLIME, TAK KAK

cBoiicrso 4)M [X] coxpansercs u gns Hexoppesuposaunsix CB.

Teopema 13.3. (Teopema Hebwwesa). Ecau nocacdoeamervrocmo

{Xn} obpasosana nesesucummmu CB, Jucnepcuu KoMopws peSHOMEDPHO
ozpanuNeNs, M. e. cyuecmeyem maxas xoncmawme ¢, wmo D{X,] €

& c dar acex n=1,2,..., mo x smoil NocAed0aaMEADROCITRY RPUMEHILM
3axon GOABWUL Huces.
Jdoxkazateascrso. Tak xax D{X;] < ¢ gmancex k=1,2,..., To,

ucnonb3ys ceoticrso 4)M [X], momy«mm
1 & c
Dia]= = > DX < .
" k=1 n

Ho ¢/n — 0 npu n — co, T.e. ycnoene Teopemst 13.2 Bemmonneno u k
nocaemopaTensuocTds {Xn}, n = 1,2,..., npuMenum 3akon Gonbimux
YHCe.

Teopema 13.4. Ecau nocaedosamesvnocme {X,}, n=1,2,...,
obpazoaare Hesasucusmmmu CB ¢ odutaxoswmu pacnpedesenussm u xo-
nennod ducnepcuett D[X] < +oo, mo x smotl nocacdosamesvnocmu
RPUMEHUM 3aX0H GOADWUT “UCEA, NPUNEM Yy, L) My, e my =

=mp EM[X], k=1,2,...
Hokasarenscrro. B gammom caywae D[Xy] = dx < oo s seex
k=1,2,... INosromy ycnoene Teopemsr Yeboimepa pmmonueso. Kpome

roro, M[Xz] 2 iy =mx znsseex k=1,2,... Iosromy

1 n
M[Y,) = n Emk =mx,
k=i

P
OTKyHa cnenyer, 910 |Yy, — mx| — 0.
Onpeneaenne 13.8. Byaem ropopuThb, 4TO K MOCAEAOBATEABHOCTH
{Xa}, n = 1,2,..., mesaeucumuix CB mnpumenEM yeusernwil 3oxon

oavweuz vuces, ecmn [V, — M[Y,]] =55 0 npr n — co.
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Hz ycunemnoro sakoma Oonsinmx umMceN chefyeT 3aKkod OonbmIHX
9HCed, TAK KAK H3 CXOAHMOCTH TOMTH HABEDHOE CeAyeT CXOZMMOCTS MO
BEPOATHOCTH.

Teopema 13.5. (Teopema Koamozoposa). K nocaedosamenvrocms
{X.}, n = 1,2,..., neaceucumuz odunaxoso pacnpedescwnmr CB,
Y KOTROPWE My KOHEXRO, NPUMENTA YOUACHHNE 3AKOK BoAviuT Yucea,
m. e Yy aH, my.

B paunoft teopeme, B ornuane oT Teopemm 13.4, me Tpebyerca
cymecreosanusa aucnepcen CB X, . Ho aoxazatenncrso aToif TeopeMn
IHAMHTENLHO CNIOKHEee, YeM AOKA3IATENLCTBO TeopeMEl 13.4, NosTOMy MBI
He NDHBOARM ero 5 JaHnol KHwre.

Bameuanmue 13.4. Bakow SonbImMMX WICEN — FTO, IO CYTH, CBOKCTBO
cayqafinoll nocneyosatensroctd {X,},n = 1,2,..., cocrosmee B TOM,
YTO CIydalfHple OTKICOHEeHHA OTAeNbHBIX HezaBHcumbix CB X, ot mx
OGIEro CPeHero SHAYERHA My HPY OOABIDOM R B CBOel Macce B3ARMHO
morawatorcs, Iloaromy, xord camu Besmyunsnt X, ciydaitasl, X cpe/lHee
apnMeTHYECKOE 3HAYEHNE NPH JOCTATOYHO GONLIDOM 7 MPAKTHIECKH
yIKe He cy4aiino H 6iraxo K my . Takau o6pazom, ecmt MO my CB X,
3apaliee HEH3RECTHO, TO, COTIACHO TeopeMe 13.5, ero MoOMKHO BHIMHCINTD
¢ MOBOR «CreleHBi0 TOYHOCTHs ¢ NOMOINBbIO CPeHEro apudMerHiecKoro

al &
Yu= o Y Xk . Ho npu aToM BCTaeT BONPOC: B KAKOM CMBICAE IOHHMATE

k=1
ToIROCTE Upnbmixenns ¥, =~ myx 7 OTeer Ha 3roT BONpoc ByZeT JoH B
cleflylomem naparpade.
PaccMOTpHM OOBITH, TPOBOAUMELE MO cxeme BepHyH, B Pe3yALTATE
A
KOTOpHIX cobrrrue A (eycmex») DpoHcXoauT ¢ BepoaTHocThio p = P(A}.

Paccmorpum wacroty <ycuexons W, {A) = /n, te M ecrs wncno
«yCnexoss» npu n ucnulTanesx. Chayqaiinas pemwsumua M umeer Guno-
Muanbsoe pacnpegencuue Bi(n;p).

Teopema 13.6. (Teopema Bepryaay, yeucewnwd eapuanm). Ha-
CTROTRA <YCNETVEY CTOGUMCA NOWINU HEGEPROE K GEPOAMNICTIU <YCNETAr,
m.e. Wa(d) 22 P(4) £ p.

HdoxazaTenscrso. Tak kak M umeer GmoMmanbHOe pacnpene-
nenne, T yacToTy ycmexos W, = M/n M0XHO HpefCTABHTL B BHAE
YCPEOHEHHOH! CyMME! HE3aBHCHMBIX OTHHaK0s0 pacnpelenemnsix CB X,
k = T, n, amerompx pacrpegenenne Bepuynan, co suasenuaMmu = 0
wnn zg = 1. Tipuyem P{X; = 1} = p, P{X; = 0} = g. Iloaromy

M 1 2

Y= " = " Z X, I'AeM[Xk] =p D[Xb] =pg k=12,...
k=1

Torga mo TeopeMe 13.5, Tak KaK BHROIHEHO YGIOBHE My = p < 00,

monyuaem M/n Iy g,
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Samevanne 13.5. Camomy HxoBy DepHyansm npuHERINCKXHT A~

Ka3aTenabcTBo Gonee caaboro yrpepxmenus, wro W,(A) LN P(4).
Teopems Bepryiuta ofbacHseT cMBICT CBOHCTBA YCTOHMHBOCTH YACTOTH
Wa(A) = M/n, xoropoe MEl palee IPHRAMANHE KAK 3KCITEPHMEHTAILHbI
cdbaxr. Takum obpasom, Teopema Bepuynnu asnfercs <nepexofHBIM Mo~
CTHKOM» OF TEODHH BEpPOATHOCTEN K e mpHIOKEeHHAM.

13.3. TunoRkte 3agaqn.

3aagaza 13.1. Cyrounnifi pacxol 3NCKTPOSHEPIMH AJjsl JIHYHELX
HYXJ B HaceJeHHOM NMYHKTE cocTaBxgeT B cpeaueM 4000 xBr - 1. Ouennts
BEPOSTHOCTL TOTO, YTO B OmiDxallinue CYTKH pacxof 3MeKTPOIHEPTHU B
¥10M EaceleHHOM NMyHKTe He npepbicuT 10 000 xBr- .

Pemenne. Hycrs cnyvatinas pemmansa X -~ pacxon sieKTpOSHED-
run B reuenue cyroK. Ilo yonosmo M[X] = 4000. Hockonmexky CB X
HEOTPMIATEAbHE, TO, DpHMENSs HepapeHCTBO Jebbmesa zns r = 1,
oy daeM,

P(X > ¢} <P{X >¢) < 4.
Takem obpazoM,
4000
P{X > 10000} < 10000 =04.
CregoparensHo,

P{X £10000} =1 - P{X > 10000} = 0,6
OreeT OuennBacMas BepodTHOCTL He Menbue {,6.

3agaua 13.2. Hexoropmfi mepuos Bpemen:u Ha Gupxe COXpaHsICs
OTHOCHTEABHO cTACHIBHEI Kype BamoTh. Ha ocnobannn ganumx Gapxe-
BOlt CTATHCTHKH 38 10T nepHox Owuia cocTamieHa Crenywonias Tabaumna
BO3MOKHBIX 3HAYEHHI H3IMEHEHHS KyPCa BAJIOT:

Tatnuua 13.1

BoamoxHoe HaMeHeREHe KYPCa, %o | —1 | —0,6 | 0 0,5 1
Bepoarnocts maMenenus 0,t] 03 ]0,6]9005] 005

C nmomompio HepapedcTpd Yebnimesa oneHHTb BEPOATHOCTH TOrO, ITO
npousORAeT H3MEHEHUE Kypca Baiorhl we Gomsie wen Ha 0,6%.

Pemenne. [Iycrs CB X — uaMenenne Kypca BIHOTE (B IPOLEHTAX ).
Tpebyerca oneurrs peposthocts: P{|X| < 0,6}. Bocnonsayemes pia
3T0r0 AepaBencTsoM YeGnlnena:

M[X?]

P{|X| <06} =1~ P{X| > 06} > 1~ o
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Yrobn BevucmTs M{X?], moctponm psaz pacnpegerenns CB X2

{cm. Taba. 13.2). Torga
Tabauna 13.2

2 F—3 - . s
M[X?] = 0,25 -0,35 + 1. 0,15 = 0,2375. T o Tom | 3
TaxumM o6pazos, AMeeM P 105]035}015
0,2375
P{lX] <06} > 1 - 17os ~034

3aMeTHM, 9TO MOMKHO BBHIYHCAMYL TOTHOE 3HAYEHWe 2T0H BepOATHOCTH,
73K KAK HAM H3BecTeH pij pacupenesnennsn CB X . HelicTEUTENBHO,

P{X| <06} =1-P({X = -1} + {X =1}} =1-0,1~0,05=035.

OTMeruM, 4TO DONYYAEMAT C MOMOINLIO HEPABEHCTBA Yebblmesa OLEHKA
OKa3bIBAcTCH BeckMa rpyboif.

Orser Hipknas rpaHHua OIEHKH BepOATHOCTH paBHa 0,34, a
HCTHHHOE 3Ha4EeHHEe BePOATHOCTH paBHo 0,85.

3azaua 13.3. 3anaEa DownenosaTeNbHOCTE He3aBucHMbix OB
XI‘DXZ"" }Xru-'- ; OIpHYEM psay,
pacnpegeneana CB X, npencrae- Tabnuna 13.3
nen tabn. 13.3. Ilpmmennmm nu x
ITON IOCHEOBATENILAOCTH 3AKOH Xn | —Vn 0 vn
GonbIux yucen? P |3/(@n) |1-1/n | 1/(2n)

P emenue. [IpopepaM, BHUTONIAIOTCA JIH YCIOBHS Teopembl HeGnmmte-
ea. Jna storo matimem gucnepcuio CB X, . OgeBugyo, 4T0 MaTeMaTHYe-
ckoe oxuganue X, pasao (0, mosTomy

D{X,] = M[X2] = (vA)*- = =1.

Takum obpazomM, gucrmepcHn cry4afiHbix Benwvumd X,, n = 1,2,...,
OrPAHHYEeHH B COBOKYNHOCTH KoOHCTaETOH ¢ = 1. ClneaoBaTessHO, Co-

rmaceo TeopeMe Jebnuneea, K nmocnenosarensroctr X1, Xa2,... , Xny.-.
npumeneM 3BY.
Orser K mocnesosarensaoctn X1, Xa,... , Xp,... OIpaMerum 3BY.

3agaua 13.4. BepodgTHoCcrs TOro, WIO NP ONYCKAHHE OZHOIO
’KETOHA NPHEMHHK KrpajIbHOTO aBTOMATA CpafoTaeT NPABHIABHO, PABHA
0,95. HaiiTe MunumansHoe YHCIO JKETOHOB, IPA ONYCKAHHH KOTODHIX B
ETpajbHEHT ABTOMAT, 4ACTOTA NPaBHABHOH paborm aBroMaTa Guina GH
3anmoveHa B rpaHnanax ot 0,93 mo 0,97 BKmoYHTENbHC ¢ BEPOATHOCTHIO
e Meree 0,93. [IpumennTs HepaeencTBO YeOHmeRa.

Pemenpe. [lycrs cnyvatinag pesmyura X; npuHuMaeT suadenne 0,
eC/Il OPMEMHHK UTPafLHOTO ABTOMATA CpabOTAeT HENPABHALHO IDH
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$-M OUYCKAHMH KETOHA, H 1, 6CJIH HpH £-M OIYCKAHAN XKeTOHA IPHEMEMK
ArPAJLHOTO ABRTOMATA CPAGOTAET MPABMABLHO, i = 1, n. Pax pacupezeme-
mus raxo#t CB X;, npn mobom § =1, n, aan B Tabr. 13.4.

M pacipeaenerns Beprynnu

M[X;] =0,95, D[X;]=0,05-0,95 = 0,0475.
O6o3raunM YacTQTY NpaBUABHON pafoTsl HrpaibHOTO aBTOMaTa Wiy.

L]
Torza W, = 1 3" X;. Cunran cryuadtnsre

Tabnanma 13.4 (g}
BemHuMHRE! X,..., X, He3aBHCHMBIMH, TIOJY-
Xi 0 1 YaeM
P | 005095

M[W,] = = S MIX,] = M{X;] = 0,95,
$=1

0,0475
ol

DW.l= % 3 DX = 1 p[xy =

i=1

HcKoMyI0 BEPOATHOCTE MOXKHO 3aIIHCATE KakK
P{0,93 < W, <£0,97} = P{0,93 - M[W,,]

< Wa — M[W,] £ 0,97 - M{W,]} = P{|W,, - M[W, ]| < 0,02}.
ITo nepasencTey YeGrmesa moxyaaeM

D{W,] _ 1 00475 _ 118,75

CuaenosaTtenrHo,
118,75
P{iW,‘ - M[Wn]l S8 0’02} =1- P{‘Wn - M[Wn]l > 0’02} 21— T .

Takam 00pa3om, ncroMas BepoaTHOCTL Oyler He menee 0,93, ecn Oyaer
BRINOJIHEHD HECDABSHCTRBO

118,75
— LS .
1 =2 0,93
Paspemadn 3T0 HepaBeHCTEQ, MONIYTUM
118,75
5 =¥ .
Z 507 1696,4

OTeeT Hcnonesym mepapencTBo ‘Yebhlnena, nolydaeM ODeHKY MH-
HAMANLHOTO THCNH JKeTOHOB, paBHyI 1697 keToHam.
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§ 14. llenTpanbHas OpeaeNbHAA TEOPEMA

14.1. CxoauMocTh HOPMHAPOBAHHON CyMMBI HesaBACHMEIX CB.
PaccMOTPHM HOPMUDPOBaHRYIO CyMMY Z, Hesapucumbx CB X, k=1,n:

é = (Z Xk_M[E Xk]) = — Z(Xk"mk)a

rae no ceokicrry 4)M [X] mmeer mecto cooTHOmERHE

_D[E X = DX = 3 of,

i=1 i=l1 i=1

TaK Kak oF £ D[Xi], ms = M(X;]. Taxk xkak Z, SBISAETCH HOPMHPO-
BauHolt CB, vo no ceoitcry S)mx M[Z,] = 0, D[Z,] = 1. Hayunm
noeegerre nocnenosateasnoctn CB Z,, npn n — co.

Onpepenenne 14.1. BymeM ropOpETE, 4TO K IOCAEAOBATENLHOCTH
{Xna}, n=1,2,..., sesaBucumbix CB npuvemmma yewmpasonas npe-
deavrar meopema (LIIT), ecnn nocaeposarensuocts CB Z, cxomures
no pacnpegenermio k CB U, nMelome#t cTaHIAPTHOE HOPMANTLHOE Pacnipe-

aenceme, U ~N(0;1), T.e. Z, —F)- .

Samevanne 14.1. Kax orMevanocs sHme, 3akoH Oonpmux uu-
CeNl — HTO, IIO CYTH, CBONCTEO MOCAeNOBATEILHOCTH HesaBHcHaMElx CB X,
{cm. 3amewanvie 13.4}, KOTOPOe BLIMOMHACTCH NPHE ONPERENEHHBIX YCIO-
BHAX. AHANOTMYRYI0 HETEPHNPETAIMIO HMEET M HEHTPAJBHAA NPeAeIbHAL
TeopeMa. Haspanue <IeHTPANLHAS NpeJelibHAS TEOPEMay, Ha Halll BIrysl,
He OYeHb TOMHOE, TAK KaK IO CMHICAY — 3ITC CBOHCTEO, a HE reopema. Ho
TaK KAK B JIHTEPATYpPE 3T0 IOHATHE 3aKPENuJIoch, TO H MHL 6yaeM ero
npuaepxkabaThei. PyHmamMentTanbaas poib HIIT & reoprn seposTHOCTEH
COCTOHT B TOM, YTO IPH BEChMa OBIMMX HpeamoaoKeRuaX cyMMa Soanimo-
IO YHC/IAS HESABHCHMBIX {OTHOCHTENbHO Manwx) CB yaosaersoprrenbno
OHHCEIBAETCA HOPMAJBLHBIM 3AKOHOM. DTAM (akToM U o6bACHIeTCH OeHE
MHPeKOe PAcNpOCTPaHeRHe HOPMAILHOTO 33AKCHA HA ODAKTHKE.

Onpegenenne 14.2. ByzeM roeopmis, 910 HOCAEAOBETENLHOCTD
{Xn}, n=1,2,..., nezasacauux CB yzosnersopaer ycrosuio JIanyno-
6a, eciy

n—mo 33 Z: M"x" - m"lal =
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TloacuumM cMuich yeneees Jlanysoea. PaccMOTPHM AN DPOH3BONBHOTC
6 > 0 coyualtnsie coburua A 2 {| X — mx|/sa > 6}, k =T1,n. Torga
no ceoficrsy T)P momygaem

P{-l_ max |Xi — my| > }=P(i A,,) < fP(A,,) A

Sn 15k k=1 k21
. 3 M{[Xe — maf]
A _ Teop. 13.1 k=1
= kz=‘;" IXk mkl an} £ c= 3n6: r=3 ‘~<~. 5333

Ilo ycnosmo Jlanyunoea nochiefHee BHIDAXKEHHME CTPEMHATCH K HYJNIO NPH
n -+ oo. Takum o6pa3oM, Bce cnaraeMbie B HOpMHpOBaHHON cymme Z,
PABHOMEPHO MAJEL B TOM CMBICHE, IT0 BEPCATHOCTE XOTA OB OOHOTO H3
HHX NpeBscitTh pennumiy & > (0 CrpeMuTCs K HYJMIO HpH BO3IPACTAHNH
YHCAA CIIATAgMEIX.

Teopema 14.1. (Teopema Janynoea). Ecau nocaedosamerviocms
{Xa}, n=1,2,..., nesasucumniz CB ydossemsopaem ycaocswo JIany-
noea u OB X, ee ofpasyrowgue, umerom xonewnse MO u ducnepeuu, m. e.
My < 00, 02 < 00, mox {X,} npumenume yYenmpasoHar npedervras
meopema,

JdoxasaTtenwcrro. Ilycrs

Z of, 2.2 si 3 Xi, rae of £ D[Xy), X2 Xp—m
k=1 k=1

Hafizem xapaxrepucrudeckyio dyukumio gy{t) CB X & YUOTLIBAS, YTO
¥ = —1 n cornacHo ceoticTBaM 2) M 5)myx : M[(JQ{;@)Z] =0}, M[Jh] =0
Hueem

Ilo dopmyie
Tefinopa

(@) 2 M [oxn (i %.}] = |
=M [1+:tx +(‘”‘") ] +R(t)=1- =~ "*‘t + Ry(t),
CAe AN OCTATOYHOro WieHa Ri(t) cnpaBemusa Ouerka

IRe(8)] < CEM [| X F]

Torna gz CB Z, xapaxrepucruyeckasd ¢yEKmusa 6yaeT HMETL CIELYIO-
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muft BuA:
Iy . — Mlecofit & X21]
10 M) = ]

= m[[Tenf222}] -
- #X0) _ 1 g (L),
= IMlep{ =24} = o (57)
Toacrasaas supaKenne s gi(t/s,), nomygaem

02,0 = [T s (& n [1- 42 4 py (L )].

k=1

2, |-
He3ABHCHMEL

Tosromy
Ingz, (t) = g:l In g, (;t:) = l] In(l +a)=a+ o(a)" =

= Z f'kf, (;‘;.)] = —% +kz::1Rk (si) .

™

Ho coraacno nomysensol onenke gna Re(i/s,) ¥ no yoropmo Jlamysora
OCTATOUHRI uNen B paanoxenuu Ingz_(t) crpemurca x wymo. Taknm o6-
pa3oM, 3axmodaem, 4T0 Ing, (t) = —t2/2 npu n — co. Cneacsarenso,
92, (8) = exp{—¢*/2} npr n —+ co. Ho gy(t)} = exp{—t2/2} amnsercs
xapaxTepucTHieckoll dyuxnpeit pia CB U, ameromeit nopManmsuoe pac-
npexencane N(0;1). XapaxtepucTudeckas HyHKUpA OAHOSHAMHO Onpe-

JenseT 3akod pacnpefenemns. IloaroMy Z, F, U ~N(0;1).
Mprvep 14.1. Paccmorpum mocnemopatensmocts {Xg}, n =

= 1,2,..., He3aBUCHMHIX omuHaKkoBOo pacnpenenenrnx CB X, ¢
xoueydariMi MO, aucnepcneli u abcomoTHEIM TpeTvHM MoMeHTOM. Torma

o= Viox, 2 3 MK —mxfl = ME =Rl

" k=l

Taxmu obpasom, ycnosue JlanmyroeBa swirmonnero. Ilostomy x mocmeno-
BATEALHOCTH HESABRHCHMBIX OAMHAKOBO pacnpefenenHuix CB B pannom
cnyqae mpaMeruua LIITT.

3amexanne 14.2, OrMeTHM, 9T0 CYIECTBYIOT N APYTHE YCROBHS,
OTNHYHBIE OT ycnoensi JlanyHoBa, npn KOTOPHX K NOCHENOBATENLHOCTH
CB npamenuma LIIT.
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14. 2 CxogMMOCTE YacTOTH. PAcCMOTPEM YACTOTY <YCIEXOB»

W,,(A) M/n B cepuu U3 n NOCAEHOBATENLELIX HE3ABMCHMAIX NCILITA-
uuli B cxeme Bepuynmm. Ilpn sgoxasateancree Teopemsr 13.6 (Beprynnn)
HOK233aHO, 4TO qac-ro'ry YCIIEXOB MOXKHO TNPEHCTABATL B BHAE CYMMEL

M
Wa(A) 2 - = EX;;, rae M[X;] = p, D[Xi] = pg. Torza nmo

ceoficTeam 1)M [X ] 4 4)M IX] nmomywaem

MW, (4 zMw =7, DWa(A)= & 3 D[Xy = 2.
k=1

PaccMmoTpuM HOpMUPOBAHHYIO YACTOTY YCMELIHBIX HCTIHITAMNH

A W, - M[W,] n _ M-np
= o Vsl (W, — i
W A ( p) i

Tax xak cornacuo csoiicrey 2)Bi{n;p) Buwonasercs M[M] = np,
D[M] = npq, T0 Irf/,, MOMKHO PACCMATPHBATE TAKMKE KAK HOPMUPOBAHROE
YHCHO YCHSHIKEIX HCITBITAHHH.

Teopema 14.2. (Teopema Myaspe-Jlanaaca). ITocaedosament-
HOCTb {VEf,,} , 1= 1,2,0.., HOPMUPOSARNWT +GCMOM  <YCREros»
czodumca no pacnpedeacnuro 1 wopmaavrott CB U ~ N(0;1).

Hdoxkazsarenscteo. [Iposepum ycaoeme Jlanysosa. CB X, k =
= 1,2,..., HE3aBUCHMME] H OJMHAKOBO DAClpefeNenni, & HMEHHO: X}
NPUHRMAIOT 3HAYEHUS. Xo = 1, 23 =0 ¢ sepostrrocrsmu P{X; =1} = p,
P{X; = 0} = ¢. ITosToMy B JaHHOM CIy4ae

522 3 D|X,] = n*D{W,,] = npq,
k=1
H, KpoMe Toro,
M| Xk - MIX&]’] = pleo — MIX]® + glor — MIXA® = ap(e® +¢°),

NO3TOMY

ZM“X’*‘ - M[Xk“31 ( pq)sjz Z‘IP(Pz + ‘12) = p—\/ig.z

® k=1

ITocnepnee BRpaXKEEWE CTPEMATCE K HYJIO HPH 1 — 00, T.€. YCAOBHE
Jlanysopa sninmonnaercsa. Creaoearensro, K nocaeaosaTensuocTe { X, },

n=12,..., npavenema lIIIT, T.e. Z, -——-F:—) U. Ho

82

a1 = npg, ™ =P, — .
=s—,§(Xg—m;,)— Z—_W =(Wn-P)‘f5—Wn-

k=1
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3amevanue i4.3. IlonyTHO MBI JIOKAZANH, 970 K IOCHEOBATENL-
zocrr Heaasucumbix CB X ~ Bi(l;p), n = 1,2,... npusennma LJIT.

B cooreercTBrM ¢ Teopemo#t Myaspa-Jlannaca vf/,,—-F—b U, te.
&
npy GONBIIHX N MONHO CYHTaTh, 4Te, We = U. Ho H'fﬂ = (W, —

- p)/nfpg, orxynma cmeayer, uro W, = /pg/n Wa +p. Texm
obpazomM, npu GOJIBIOHX 1 B TIEPROM NPUGIZKEHNH MOXHO NPRHATH,
yro uwacToTa W, sBnAerca HopMambMo pactipefenenso CB W, =

= 1/pg/nU +p c napamerpamm M[W, | =p, D[W,] = pg/n, T.e. moxno
NPRDMKEHHO CIMTATE, YTO pacupedenenne W, SBIAETCS HODMAILHEM.

[Tockosbxy ﬁ’ﬂ= (M — np)/\/npd, To M = /Pl + np u Mox-
HO NPHOJIAKEHHO CYHTAThL, YyTO pacupefencHue UB M apnsercs Hop-
MaabELIM. Takum 0BpazoM, MBI TOLYYAEM AoKaasyo meopesmy Myaspa—
Jlanaacq, 8 COGTBETCTBHHE C KOTOPOH

e B s i exp d — o)
P{M—k}mmexp{ v }

Kpome Toro, sepoaTiocts P{l < M < k} Mmosxer Buirh sierko onenena
COTACHO unmezpasstioti meopeme Mysepa—Jlanaace:

k—np\ l—np

rae $o(x) — dbyuxoua Jlannaca.

Hanomuum, yte CB M mveer GHHOMMANLHOE pACODEACIEIHe, BEPOST-
nocta P,{k) Anst KoTopoH CIONHO BEMEGAATS NpH Gonbimux 7. [loaromy
npr GombIIMX 7 AJA OUEHKH COOTBETCTBYIOIMX BEpOsSTHOCTEH yAaoGHO
HOMLb3IOBATLCA JOKANMbHOH (MHTErpaibHON) Teopemoit Myaspa—Jlannaca.

Ecnu n penmxo, a p Maflo, TO B cxeMme BepHyJIAM MOXHO HOMY9IHTH
ApyTylo npabmmkennyio ouenxy st P{I € M < k}. Cornacro Teope-
me 6.1 (ITyaccona) npH ycaosas np=a > ) 6uroMAaMbHOE pacHpeseicHAe
CXOANTCA TIO PacTIpeZeeRHIc IPE 1t — 00 K pacnpemesienmo [lyaccona,
Te

k
P{M - k} Cupquh-k e e-—a,
H CAeTOBATENEHO,
k Q
PUSM<KIRY S
i=l

Taxum o6pasoM, B cxeme Bepuyana moryr SHITB HCIOMB30BAHL OB
AIMPOKCAMAIHKH,
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Iyers CB X ~ Bi(n;p), Toras AnA BHYUCICHHS COOTBETCTBYIOUHX
BEpOATHOCTEH MOKHO NONL3OBATHCH ANMPOKCUMANMAMHE, OMHCAHHBIMH B
caexyomett Tamrie:
’ Tabanna 14.1

k
Iputmnxenne Po(k) ‘ EP..(:')
Myaccona (“::)k e~ PP i (ﬂp) &~"P
* =il
(k — np)®
exp{—- 2npg } k—~np i—np
Myaapa-/lannaca V2mnpq %o ( N ) — % ( vipg )

IMorpemmocty »tix npubmekenuft ganm B Tabr. 14.2,

Tabanua 14.2

IMpntinowenne IMorpemuocTs

Iyaccana np®

P+d
VPG

Myaspa—Jlannaca

14.3. Tunosbie 3ana9n.

3agaua 14.1. Cornacao JaAHAMM CTATHCTHYecKoft cmymwbm obaacTi
5,5% TpymocnocobHoro Hacemenmsa cocTapaswoT Gespabornrie. OneEuThH
BEpOSTHOCTEL TOTO, ITO B caydailimo orobpanHoft rpyrmme nz 1000 tpyao-
coocobHubIX aons Geapaborrbix GyAeT sakmovena B rpanunax or 0,045 yo
0,065. Pemuty aagavy ¢ nomomplo HepaseHCTEa Ye6nimesa n TeopeMbl
Myappa—Jianjaca. O6piCHATE pasyiHule B Pe3YILTATAX.

Pemenne. [Iycts CB X; mpurnmaet suagense 1, e i -i subpan-
Huiit yeqopek — GespaboTHbifi, u 3paveHde () — B IPOTHBHOM CiIytae;
i = 1,1000. Cornacuo onpeaenenmo, CB X; ~ Bi(1;0,055), M[X;] =
= p = 0,055, D[X;] = p(1 — p) = 0,0519. Hdona Gespaboranix MomKeT
6T NpeACcTABICHS CTyatinoll BesmauHON

M_T_._z;xi

Cornacno csoficrey 2) Bi(n; p)

M[M] = p =0,055, D[M]=p{l—p)=5,19-10"5,
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Teneps BecOxoxEMO ONEHNTH BEPOATHOCTS
P{0,045 £ M < 0,065}.

IIpoeeneM oueBumHBIE MPLOOPAZOBAHHES:

P{0,045 < M < 0,065} = P{0,045 — M[M] < M - M[M] <
< 0,065 ~ M[M]} = P{|M — M[M]| < 0,01}.

Cornacao Hepapencrey JeCnmessa, nMeeM

1-P{M - M[M]| > 001} > 1- DU =1 0519 = 0,481

Cornacuo rHTErpansHo# Teopeme Myaepa—-Jlannaca, aMeeM

P{0,045 < M < 0,065} =
=p{0045 M[M) M~ MIM] 0,065 MEM]}
VoM - /DM /DM
_pf__ 00 . M ~1000p 0,01
- P{ CXPISTEEA /1000p(1 — p) < 0,72—10—2}

~ 2 (0—750—%_—5) = 2®,(1,33) = 0,8164.

Orser. Qumenka wXKHeH rpaHMNB BEPOATHOCTH, NOJMydYeHHAA C
momouIsio HepapeHcTBa Yebnnnesa, pasma (,481. Onenxa, nonyuenHast
¢ noMompe TeopeMil Myaspa-Jlannaca, papaa 0,8164.

3anaua 14.2. BepoATHoCTE TOTO, YTO OPH CHOYCKAHUH OZHOLO

JKETOHa NPHEEMHEUK HIPDMILHOTO apToMaTa cpaboTaer npaBWIbHO, PaBHA
0,95. Haifre MEHMMAaNEHOE YHCNO JKETOHOB, TAKOE, YT00b! IPH OMyCKAHAYA

HX B MrpaNbLHLIl ABTOMAT, YaCTOTA HPABHWJILHON paloTH aBTOMaTa OHLIA
651 3aKaI0uena B rpardiax or 0,93 qo 0,97 BKIoYRTENABHO ¢ BEPOATHOCTEIO
pe Menee 0,93. YTOUHHTE NONYYEHEYH B 3a0ave 13.4 OOEHKY € IOMOUIBIO
TeopeMH Myaspa—Jlamiaca.

Pemenue. Henonnays pesynpraTh pemennsd 3agaqn 13.4, nckoMylo
BEPOATHOCTE MCIXKHO 38ITHCATE KAK

P{0,93 < W,, < 0,97} = P{0,93 - M[W,] < W,, - M[W,] <
<097 - MW, ]} = P{|w,. M[W,]| < 0,02},

rme M[W,] = 0,95, D[W,] = 0,0475/n.
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Cornaceo naaTerpansuoii Teopeme Myaspa-Jlannaca
P{0,93 < W, €097} =

=p {093 -MW,] W, MW, < 097 M([Wa) }
{ BWd /W] B S~

= &0(9,1766 - 10~ 2\/n) ~ By(—9,1766 - 1072 /) =
= 28¢(9,1766 - 10~2/n).

Brronuenne yoiopus P{0,93 < W, £ 0,97} > 0,93 o3mauaer, uro

28, (%) > 0,93.

Bocnonezosabmac, Tabnuuel s pyuxune Jlamnaca, nonyysm

1,811%

- -2 S 1766 . 10-2
9,1766-107"vn > 1,8119, um n > (9,1766.1o-=

2
) = 389.86.

OTBeT OneExa MHHAMAABLHOTC YHCHa JKETOROE, TONYUCHHAA C
noMonisio TeopeMe Myaspa—Jlannaca, pasia 390 xeToHam.

3axava 14.3. BepoSTHOCThL TOpaXKEHHA MHIIEHH NPH QIHGM Bhl-
ctpene pasHa 0,75. HafiTu BepoAaTHOCT®: TOTO, YTo NpH 200 BRHICTpeaax
mMilens Gymer nopaxena: ¢) 160 pas; 6) ve meree 140 pas.

Pemenne. a) B sanHOM Ciiyqae ONBLIT MPOBOAXTCA U0 cxeme BepHydr-
Jm. 3Aeck onEH onHT BepHYAIE — OZUH BHICTDEN MO MELISHH, <YCHeX» —
NopasXeHne MHINCHH; BEPOATHOCTE <ycmexas p = 0,75; KonAdecTBO onti-
T0B Bepnynau n = 200. Tounoe 3HayeHHe BEPOATHOCTH TONO, YTO APH
200 pricTpenax mumens Oymer nopaxkena poeHO 160 pas, enivmcasercs

no ¢opmyne Bepuynnu:
Paoo{k = 160} = C355(0,75)15%(0,25)4 =

. _ 200! 160 40 -2
1601 201 ———(0,75)""(0,25)*" ~ 1,7346 - 10

6) Tounoe 3HaueEme BEPOSTROCTH TOro, 4To npH 200 BHICTpenax
MuINeHb Oyaer nopaxena He Menee 140 pa3s, COOTBETCTREHHO PABHO:

200 200 . ]
Proo{k > 10} = 3 Puofk =i} = 3 Cigo(0,75)°(0,25)%° % =
=140 =140

ey 200 i 200§
= z: W(O’TS) (0,25) %0,95461.
=140
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IIpd BHMHCACHEM 9THX BEpOSTHOCTEH MOKHO TAIOKE HONL3OBATHCH
amnporcumanuett Myarpa-Jlannaca (cM. zanee).

a) Ipubrazxennoe 3HaYeHHe BEPOATHOCTR TOT0, Y10 mpn 200 BhICTpe-
Jax MEmeH: Gyfer nopaskexa posuo 160 pas, BLIMHCHAETCA ¢ IOMOIOBIO
JoKaTsHOR TeopeMut Myaspa~Jlanmaca:

Pgoo{k - 160} 2

1
V2 /T00 05 0.8

_1 (160 — 200 - 0,75)° . L
S ( 2 200.0,75-0,25 ) ~1,7173- 102,

6) HpubnrskeHrHoe 31aveHne BEPOATHOCTH TOT0, yro upH 200 BrIcTpE-
5ax MHItIeHs GyAeT mopakera He MeHee 140 pas, BLIYHCHAETCH C TIOMOIILIO
HHTerpaabHol Teopemel Myanpa—-Jlamnaca:

Pogo{k = 140} = P3ge{140 £ k < 200} ~

200 — 200 - 0,75 140 — 200 - 0,75
o (B en) o, (1m0
°( 0,75+ 0, ) 10,75 -0,

Bocnonp3osasmnck Tabaanamy 1A dyukmaa Jlannaca, momysum
Paoo{k > 140} = 0,94876.

OtrseT a) Puo{k = 160} =2 1,7346 - 10~2; 6) Pypfk > 140} =
250,05461.

§ 15. 3anagu Ana caMOCTOATENIBHOrO pemeHRa

1. KonuuecTBo BOABI, HEODXCAMMOE B TEUCHHE CYTOK UPEAOPUATHIO
DS TEXHMYeCKHX HYXKA, ABNAeTCs cnyvatinofl seuvyuHol, MATEMATHYE-
CKOe OKHAANTE KOTOPol pasuo 125 M3 . OueRurs BEPOATHOCTS TOT0, ITO B
Gmmxattimue cyTKE pacXon BOAL Ha mpeampraTvd 6yzer Menvie 500mM 3.

2. Ousit pabornl peK/jamMHON KOMIAHHM IOKA3LIBAET, 9TO AAPECHAR
PeknaMa NPHBOAMT K 3ai8Ke B ogaoM u3 20 cayvaes. Koumanks palocna-
na 1000 pexnmamuapx npocnektoB. Ilokaxkare, w0 ¢ MOMOINbLIO HEDABEH-
crBa YelnimeBa HeMb3A OUEHNTH BEPOATHOCTL TOTO, YTO YHCAC 33ZBOK
orazkerca Oonmbme 30 m Mensmie 60. HaMenwre BepxHiol rpaHuny TakK,
uTO0R! DPAMEHEHHE HEDABSHCTEA eOhIINeBa CTANO BOSMOMKHbLIM, H OIEHH-
TE COOTRETCTBYIOMYIC BSPOSTHOCTE. ¥ TOYHHTE MOMYYeHHBI De3yARTAT ¢
moMompIo Teopems Myaspa-Jlannaca.
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3. Pasmep BHmnaTH KaXkKpoMy KiHeHTy Oamxn cnyuaeH. Cpexmsas
BHILAATE OMHOMY Kiuenry cocTaBager 5000 emumwi, a cpegHeKBaIpa-
THyeckoe oTkioHenre — 2000 eamunn. BHmaaThH oTHeRbHEIM KAHMEHTAM
HesapucAMEL. CKOABKO NonxHO OLITH HANMYHLIX AcHer B Gauke, wrobnl
BeposiTHOCTRIO 0,95 aener xBaTHIO Ha oDy )uBanHe 60 Knuenron?

4, 3aaaHa DOCAEIOBATENLHOCTE HE3ABHCHMEIX CAYYalHbLIX BEAHYHE
XI,XQ,... ,Xﬂ,... Pﬂ,}:[ pac-

Tabanna 15.1 mnpegenenna CB X, uMeer BHg

X. “on 5 n rabna. 15.1. [poreputs, npume-

HHM JU K 3Toli mocnenoBaTenn-
P | 1/(2n®) | 1-1/n% | 1/(2n%) nocrs 3B

5. Onpr paboTsl CTPaxoBoli KOMIIAHMH MOKS3LIBAET, ITO CTPAXOBOH
cyvalt NPUXOAUTCH MPHMEPHO HA KaXKIHil BockMol Jorosop. OueHrTs ¢
oMOLIbI) HepaBeRCcTBa Yebnimena HeODXOAMMOE KOMMYECTBO 7 JOTOBO-
POB, KOTOPHIE HYKHO 3aKII0THTE, TT00BI € BEPOSTHOCTLIO He MeHbmelt,
yem 0,8, MOXKHO GBIIO YTBEPIAATE, YTO YACTOTA CTPAXOBHIX CIYYacE OT-
KJIOHNTCA OT BEPOATHOCTH He Gostee weM ma 0,01 mo abecomoTHol Bemuaune.
YTOUHATE peaynbTar ¢ NOMOIBK reopeMul Myaspa—Jlannaca.

6. Topropas dupma mpogana 1000 emuuun ToBapa, HOAYYAs HPH
arom npabeus 1o 50 pybaett ¢ kaxaol eguunnsl. TapanTultueill pemour
¢$EpMA OCYMECTBIAET CBOMMH CHJAAMH K TEPNAT TPH STOM YOBITOK
8 200 pyOneil, Hafive rpammmsl MHHUMAILHONO HO AJAHHE UHTEPBANA,
BHYTPH KOTOPOTO ¢ BeposTHoCTIO 0,9545 saxmouen aoxon $hupMel, ecn
B CpeiHeM FAPaHTHAHLIN peMOHT HPHXOAHTCA JeJaTh B KAXKAOM JeCiaroM
cryqae.

7. CKOpOCTb BETPa B TeueHHEe CYTOK B JaHHON MECTHOCTH ABJIAETCH
cayualinoll BesIMEON, MATEMATHICCKOS OXKAISHEE KOTOPOH paBHo 6M/c.
OueHHTh BEPOATHOCTE P TOTQ, UTe B GuyKafiiHe CYTKH CKODOCTL BETPA
B 3TO# MecTHOCTH Oymer #e Menbme 16 M/c.

8. - JducnepcHa OTOENHHOIO PE3YNLTATS H3MEPeHNd cryvaltHoll Bemrau-
Hel He mpepocxoxnt 3. Hpormssompres 1000 HesaprcHMBIX H3Mepenutt sTodt
pesmyHHE. Kakie rpadmisl MOXKHO rapaHTHPOBATE C BepOATHOCTEC 0,95
IS Pe3yNbTATA H3MEPCHHSA CPEAHero apu(yMeTHYecKoro $THX BeJinduH?
JaTh oTBET ¢ NOMOIEBID HepapeHCTBa ebulmena.

9. Cpenmee maMeHeHme Kypea akiuii KOMIANHE B TedeHHe OJHUX
GHprKeBHIX TOProB cocrasiinc 1%, a CPeIHEKBAXDPATHIECKOE OTKIOHEHHE
onennpaerca kak 0,5% . OuennTs BEPOSTHOCTL P TOTO, YTO Ha Oimaxali-
X TOPraX KYPC HIMEHWTCR MeHee JeM ma 2%.

10. 3ajaHa MOCIeAOBATENLHOCT: HE3ABUCHMAIX CAYIANHEX BESHYIH
X1, X2,... s Xny-ooy te Xy ~ R(—1/n;1/n). llpaMenny o x 3708
NOCIEAOBATENLHOCTH 3aK0H HoNbmAX YHcen?
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11. IIpeamonoxxam, 4TO CpefHee BpEMA ONO3HAHHA CIY/JEHT3 Ha
JEKIHI0 COCTARJIAET OmHy MHHEYTY. OLEHHTL BEPOATHOCTE P TOro, 9To
CTYAEHT ONO3AACT Ha JeKIHIO He MeHee 4€M Ha NATh MHHYT.

12. Ipeanomoskum, 4T B YCAOBHAX UPEALIAYILECH 3aMa4H JONMMNIHA-
TeALAC HIBECTHO, ITO CpeAHeKBAADATHYECKOS OTKIOHEHNE BpEMEHH Oo3-
JaHMd CTYACHTA Ha JEKIFI0 COCTABAACT TAKIKEe ofHY MuHyTry. Ouemnts
MNHHMBJIbHOE 3HaueHme «, MpH xoropoM P{X 2 z} 2 p, re X~
cayqalinoe BpeMs OMOZJIAHMSA CTY/IGHTA Ha mexkumic, p = 0,1 -— saganHbiit
YPOBEHb BEPOATHOCTH.

13. B cpeamem xaxaaa 30-s1 Buneoxaccera, 3aNUCLIBAEMas Ha CTYAMY,
oKazniBaerca GpakopanHoi. OUEHMTL BepOITHOCTL P TOro, uTe M3 900
KACCeT, SAMMCAHELIX Ha. CTYIOHH, 9HCI0 OpAKOBAMHEIX OKAKETCH B Ipefe-
nax ot 25 ao 35. Pemnte zamagy ¢ nomompio Hepapencrea Yebrimena
H uHTerpansuoll reopemsl Myaspa-Jflannaca. Cpapanty noydYeHHBS pe-
3YJLTATHI,

14. Kakce MUHAMAJILHOE YHCIO ONLITOE 1 CHEAYeT NpPOBECTH,
yTobH ¢ BepoaTHocThIO (1,95 MOMMO GLINO YTBEPKARTE, YTO YACTOTH
nosBieRAA cobrrTin ByaeT OTAMYATHCH 10 AGCOIIOTHON BeJyfYHHe OT ero
BepoATHOCTH, paeHO# 0,6, He Gonee yem ma 0,027 OTeer JaTh ¢ HOMOMPBIO
sepaBencTss Yelnimmena m AHTerpannHoilt Teopemn Myaspa-Jlamzaca.
OObsICHHTE pasIMe pesyIbTaTOR.

15. BrLixos, uLnAST B MHKyDaTope cocTaBiaser 7T5% OT 4mCia 3amo-
skepHpIx wHn, QuesHTs BEPOATHOCTE P TOro, wro B3 1000 3anorxeHnBIX
S BBLIYIATCH:

@) posno 750 upnursT;

&) or 720 mo T80 upisT.

16. B cpempem raxapdt 30-# TemeBusop, BBTycKaembil 3asomon,
BHIXOAMT H3 CTPOS MO OKOHYAHHA rapaHTufitoro cpoka. QueHNTE ©
moMompio Teopemsl Myaspa-Jlamnaca eeposTHocT:E p TOTO, 9T0 #H3 300
BHITYINEHHBIX 3aBOAOM Te/ieBH30pos He Gonee 10 mocrymuT B rapanTRHB’
PEMOHT.

17. IlycTh B YCAOBHH 33034H 3 HM3IBECTHO, YTO B HAYAJE ONEPAlHOH-
Horo gus B Ganke 6wno 350 000 egpnun mamraunx aener. Kaxop OGyaer
rapanTHpOBaHHEI ¢ BepogTROCIbIc (0,95 OCTATOK n HAMHYHELIX OEHeT B
Ganke nocie BHILIATH BeeM 60 Knmewram?

18. Lex saposia BHNyCcKAeT INADHKH ANf NOJIMMIHUKOB. 32 CMeRYy
nponzpogures 10 000 mapnxos. BeposTrHOCT: TOrO, WTO OMH GIAPHK
oxaxxerca AedexTaniM, paeHa 0,05. [Ipuunun aedexTos OTIENBHLX MAa-
PHKOE He3apHCHUME. [IpoAyKuHsa NpOXOSET KONTDOIL CPA3y HOCHE M3Tro-
TOBNEHHA, H Xe(eKTHHE WAPUKH CChINaloTca B OyHKep A NepeniaBKH.
OnpeaemnTs, HA KAKOS KOMHIECTE0 MAPHKOB 7 AOMAKEH OLITh PACCUNTAK
Gynkep, YTobH ¢ BepoaTHOCTEIO (0,99 OH He OKAZAICK HEPENOIHEHHBIM
NOCAEe CMEHEL. ’



FIABA V

MATEMATNYECKASA CTATUHCTUKA

§ 16. OcHoBHEIe BEIOOPOYHBIC XAPAKTEPHECTHKH

16.1. Ocpornanie noHATAR. Mamememuueckes cmamucmuxa —
HayKa O MATEMAaTHYMECKHX METoOAX, MOFIPONMAIOUIMX MO CTATHCTHHECEHM
JAHHBIM, HAIDEMED N0 PealR3auHaM crydafinoli pesmanan {CB), nocrpo-
HTb TEOPETHKO-BePOSTHOCTHYIO MOJENE HUCCMERYEMOro fABNCHUA. 3afadn
MATEMATHIECKON CTATHCTHKM SIBJIAIOTCH, B HEKOTOPOM CMBICKE, 00paTHH-
MM K 3a8avaM TeopHM BeposTHocTell. IleHTpanbHBIM MOHATHEM MaTeMa-
THYECKOH CTATHCTHKH SIBAfeTca BLGOpKa.

Onpezgenenue 16.1. Odnopodnotl ewibopxod (ewmboprotll) obse-

M2 n HpH f 2 1 HasupaeTcs cayvafiueit sexTop Z, = col{Xy,...
.y Xp), KoMuonerTsl Kotoporo X;, i = 1,1, HaSbIBACMEIE JACMENMAMY
avibopry, ABNMOTCH HezapHcaMEIMY CB ¢ oxaoit u To#t xke dyrxumett pac-
npeaeneius F{z). Bygem rosopwrs, uto Brbopka Z, ceomsgemcmeyem
dbyuxuym pacnpenenenns F(z).
Onpepenenue 16.2. Peaausayued enbopxu HAIKBALTCA HECIY-
A
YaRHEIA BEKTOP Zp = COl(Z1, .. . , Tp) ; KOMIOHEHTAMHN KOTOPOI'G ABAKIOTCS
PeaJIHSAIMHT COOTBETCTBYIOMMX JEMEHTOB Bhibopkn X;, i =1,n.
Wz oupegmenernit 16.1 r 16.2 BuTeraeT, YTo peanusaumio suGopKY 2,
MOXKHO TAKIKE PACCMATPHBATH KAK MOCIEAOBATEABHOCTD £1,... ,&y H3 1
peannzanmlt ongmoit u Toit xxe CB X, mony4eEHHX B cepUM H3 72 HE3a-

PHCAMBIX ONHHAKOBHX OHKITOB, HPOBOJUMBEIX B OAHHAKOBBIX YCNOBHAX.
TloaToMYy MOXHO rOBODUTE, Y¥TO BHIGOpPKa Z, nopoxcdena xabarodacsol

CB X, nmerouie#t pacnpepenerne Fy{(x) 2 F(=z).

Onpegeanenne 16.3. Ecam xOMIIOHEHTH BeKTOpa Z, HE3ABHCHMEL,
HO BX pacnpenenenns Fi(zx1),... ,Fa(Tn) pa3maH, TO TaKyio BEHIGODKY
HASLIBAIOT HEO drotk.

Onpeaeneune 164 Muoxecrso S Beex peammanuii swGop-
KA Z, HASHBIETCH etbOPOMHUM NPOCINPRHCMEOM,

Brifopousioe IPOCTPAHCTEO MOXKET GHITh BCEM fl-MEPHBIM eBKJIN0-
M mnpocrpaucteoM R™ mau ero uacteio, ecnmw OB X menmpepriena, &
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TAXKe MOYKET COCTOATE W3 KOHETHO'o H/M CYeTHOrO YHCHa Todek 3 R”,
ecm CB X guckperna.

Ha npaxTaie npy MccheAoBaHMA KOHKPETHOTO KCIIEPHMORTS PACIpe-
mesennst Fy(xzy),..., Fp(xe) CB X1,...,Xn peaxo GHBAIOT H3BECTHHI
MONHOCTHIO. JacTo anpHOpH (A0 ONMEITA) MOIKHO JMIL YTBEPXKAATH, ITO
pacapenenerne Fyz (z,) = Fi(z1) ...  Fy(z,) cnyvafiHoro sextopa Z,
NDHAAJIEIKUT HEKOTOPOMY Kitaccy (cemeficray) F.

Onpeneneunue 16.5. Ilapa (S, F) nasmBaercs cmamucmuseckodt
MOGEALI0 ONMCAHHA CEPHH ONEITOB, MIOPOXKARICINAX BROGOPKY Zn .

Onpenenenue 16.6. Ecam pacnpenenenus Fyz_(z,,0) us xnac-
ca F onpemeneHnl ¢ TOYHOCTHIO OO HEKOTOPOrC BEKTOPHOrO MAPAMETPa
? € 8 C R®, T0 TRKAT CTATHCTHIECKAHS MOJENb HA3HBACTCS NAPIMEMmpPL-
wecxofl n oGosnavaercs: (S, Fz (24,8)), 0 €O CR®.

B nexoTopsix cy4adx BuGOPOYHOES NPOCTPAHCTRBO MOXKET HEe 3aBHCETh
0T HEH3BECTHOTO Mapamerpa 6 pacupeneneuns Fz (z,,6).

B 3aBHCcEMOCTH OT BHIA CTATHCTHYECKON MOJENH B MaTeMaTHueCKo
CTATHCTHKE (hOPMYMHPYIOTCH COOTRETCTBYIONIHE 3aaaun mo obpaborxe
HHbopManyy, cofepxametica g saibopke.

Qupenenenne 16.7. CB Z éga(Z,-,),I‘,zl.(a' ©{2,) ~— npowspoMLHaAS
bynxnus, onpeaenennas Ha BHOOPOUEOM NPOCTPAHCTBE S M HE 3ABMCH-
was oT pacnpenenenua Fz_(z,,0), HasuBaeTca cmamucmuxoil.

16.2. Bapuanuonnsiii paz.

Onpenenernue 16.8. Ynopagzouum aneMeHTH peainzanum ssbop-
KM Zj,...,%, Ho Bospacrammio: z1} € 2( < ... € 2", vne Bepxuuit
HHAEKC COOTBETCTBYET HOMEPY NIEMEHTA B YNOPANOYEHHON NOCIeTOBa-
TembHocTH. OGoanauuM wepes X&), k = T, n, cayvatiume Bemmauuwl,
KOTOPbI€ NPE KasK/ol peannaaus z, BuGopku Z, npuuumaicr k-e (mo
BepXHEMy HoMepY) 3uatienna x(*) . YnopaaoueHuyo nociefoBa e IbHOCT
CB XM ... € X™ yasupaor eapuayuorssum pados enbopru.

Onpenencnne 16.9. Dmemertst X*} Bapuanuonnoro paga Hazbi-
BAIOTCS NOPAJKOGWMY CMAMUCIMUKAMY, & KDPallHUe WICHb BADHALKOH-
moro paga X, X" — sxempemasoromu nopadroesiamu cmamucmu-
KaMU.

. Hanpumep, jna k=1 byuxuaa ¢(z,) Anst cTaTHCTHEA X' M= o(Z,)
ONpeReAsIeTCA CleYIOmuM obpazom:

plza) = min {zp: k=T,n}.

Ecnn ogroponnas sribopka Z, cOOTBETCTRYeT pacupepeienuio F(z),
1o k-a nopamxopas crammcraxa X*) mveer crenyiomyno $ynxmmo
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POCIIDe REJICHI A

Fin(@) =P {X® < 2} = 3° GHIF@FL - P,
i=k

B qacrioctd, s k=1 u k = n uMeem
Fuy(z) =1-[1 - F()]", Fipy(z) = [F(2)]™.

Ecmt bynxuma pacnpesenenua F(z) umeer miotHocts f(z), TO nmopsia-
xosas crarrcraka X*) mmeer cnepyromyo miorHOCTE pacnpenenerus:

Jy(z) = mw(ﬁ-‘)]k 1 - F@)** f(z).

Onpepenenne 16.10. Iopsaxopas cramucruxa X{"PH1) ¢ gome-
pom {np} + 1, rae [-] — nenaa wacTs wucna, RaSHBaeTCA ENbOPONHOH
KBAHTNUABIO YPOSHR P.

Ecimi B HeR0T0OpO#t OKPECTHOCTH TOYKE Ty, TUIOTHOCTH PaclpefeaeHns
f(z) CB X nempepnipHa pMecTe ¢ €€ NpOM3BOIJON M, KpoMe Toro,
f(=zp) >0, 10

(X (Inpl+) ..":F) n{ (@p ; v HpH N — 0O
1 - ;]

e CB U umeer pacnpegesnenwe N(0;1). Taxum obpasom, npu Gons-

IIHX % MOXHO CYHTATH, W10 BhbGopounas kawrwm X{PPIH1) Giyska

K Zp, #, Goree Toro, pacnpenenenne cramncraky X (PP moxer Gurs

ANNPOKCHMHDOBAHO HOPMMIBHBIM pacnpeneneHuem N (:r:,,, i fflz (;’; ) .

16.3. BriGopounasa $pyHKIHA pacnpeheleHHA,

ITycrp cepus u3 n McnbITaEKl DPOBOAMTCR 1O cxeMe Bepuymu, T e.
HCNBTAHAA MPOBOAATCA HEZBBECHMO APYT OT JPYra ¥ HEKOTOpoe coObITHE
A npu KaKAOM MCIIBITAKAR NOABASETCH C OAHOMN ¥ Tof JKe BEPOSTHOCTLIO

pi P(A). Ilycts M,(A) — cayuwatinoe umeno noasnenutt coburrea A B
sTo#t cepnr, & W,{(4) & M, (A)/n — qacrora cobuTHa A B CEpHR K3
HCIbITAANH.

Paccmorpum bwGopey Z,, nopoxgennyro CB X ¢ dyuxuuedt
pacupegenenns Fy(x). Onpesenmm ans xaxaoro ¢ € R' cobmrne
A, & (X < z}, mas xoroporo P(4,) = Fx(z). Toraa Mn(4;) —
cayvaliHoe YHCIO 3neMEHTOE BHOOpKA Z,, , He NPEBOCXOBAAX .
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Onpenenenne 16.11. Yacrora W,(A4,) cobmitus A, , Kak yux-

ma z € R!, nasuaerca embopounod (amnupuvecxod) dynnuues pac-
npedesersuz CB X u obosmavaeTca

Fi(z) & W,(4.).

Jnst xaskzoro ¢uxcuposamore z € R' CB Fo(z) spmmercs
CTATHCTHKOM, PeaH3aUMAMHE KOTopoit asnaiorea yncna 0, 1/n, 2 /n, -
.., /N, U npH 3TOM

P {Fu(z) = 2 =pMaa=k), k=Tw

Jhobas peammsauus Fu{z) Boibopouroit dynkmmn F,(z) sawasercs cry-
nenvarolt pyermefi, xapaxrepustt BHI KoTOpo# nokazan ma pnac. 16.1.
B rouxax =) < ... < 2t rme 2(®) — peanwmsaums nopsaxorok cTaTu-
cruxu X®) | bymenpa Fo,(z) umeer cxauxu sesmamsof 1/n u smiaserca
menpepwBHOi CIpaBa.

AT

2n
1/n

[
Y o
-..i

E AR

Puc. 16.1

Y

[
>

Ceo#tcrBa F,(z)
1) M[ﬁ,.(:c)] = F(z), ana moSoro x € R* u moboro n > 1;

2) sup f,.(x)—F(m)i L5 0 npu n = oo;
zeR’
~ 2 )1 — Fla
3) M [(Fn(a:) - F(«_-,-)) ] = dn(z) & F_()ﬂnﬂ < % :

4) (ﬁn(x) —F(m))/\/d,,(x) .y npa n — oo, nae CB U mueer
pacopegenemne N{0;1).

Tlepsrie Apa cBoficTsa CBUZETEALCTBYIOT O TOM, YTO OPH YEE/ITUCHHH
qHCia 7 MCHBTaHMYE npoHexoauTr cOmbxenne subopounofl GpyrKIHK pac-
npeneneHua Fp(z) c dyuxupmel pacupenenenna F(xz) CB X . Tlocneaune
ABa CBOHCTEA MOZBOIAIT OIEHHTH CKOPOCTh 3T0T0 COMIDKEHHS B 3aBHCH-
MocTH or ofbema n BhGOpKE Z,. YTBepiknenue 2) na3niBaeTcs meo-
pesmoit Daveenwo-Kanmensnu, a yrepraenve 4) gapaerca cliencTBaeM
meopemu Myaspa—Jlanaaca.
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16.4. 'ncrorpamma. PacomoTpuM mponefypy epynnupodsy BuGOp-
xu. Jng 31010 geficThurentiyo ock R = (—00,00) passemm Touxanmu
@p,... 0141 Ha {4+ 1 Hemepecexatonmiics nomyunTepsan {paspad) Ay =
= [og,06+1), k& = 0,1, Takum o6pasoM, ¥To —o0 = @g < a3 < -..
oy < oy =400, oy €2 ap 2 2™, Obmamo mmua paspasos
A, k=1,1-1, subupaerca ogura-
KOBOfi, T. e. paBHOH hg = (q—en)/(l-
for,a2) | - | foa—r,00) — 1}. Vicnonesyqa peaiH3anvic BapH-
B, i ALHOHAOTO PROA #ZV < .. < 2™,

Ons Kaxmoro k-ro paspags Ay, k=
=1, — 1, BHIYHCANM YACTOTY DONAAA-
HHS MEMEHTOR PeaJIH3aIAK BHOOPKH

_ A
B stor paspan. Homywaem P, = mp/n, rae ng — 4ACKO DieMenTOR

peamuzanui BROODKR zn , omaPmux B k-# paspaa. Ecm paceMorpeTh
anprcopHylo BRGOPKY Z, u ciuyualince umcio Ny aneMeHTOB >TOH BBI-
60pKH, ONABIIHX B K-#t paspsam, TO moaydsM HabOp cnyIafinbiX BEeTHYHE
i = Ni/n.

Onpezencuue 16.12. IlocneaosaTensuocts map (Ag,Pr), k =
= 1,1 — 1, Ha3LIBAETCA CMAMUCTUNECKUM DPAJOM, 3 €TO DEAVIHIAINSH
(Ax,Bi), k=T1,1~1, npexcrapnsercs B euge tabn. 16.1.

HMac6pasum rpachuiecky craTUcTHUeCKU#: pan,

Onpenenenne 16.13. Ha ocm Oz ormoXuM paspamsi W HA HMX,
KAK Ha OCHOBAHHHM, NOCTPOMM NPAMOYTOJIBHEKH C BeICOTOH, papHON
Pe/hi, k = 1,1~ 1. Torna mnomans KeKIOTO MPAMOYTONILHNKA GyAer
paBHa F). . [Tonyvenaas durypa nasoisaercs cmoatyosoli duazpamatots, a
KYCOTHO HOCTOAHHAR GyHKIpA f,(z) , 06pasoBANHAS BEPXHAMMA TPAHSIMH
NONyueHALIX IPSIMOYTOILHAKOB, — zucmozpammoti (puc. 16.2).

47

Tabanoa 16.1

pl 172 Pg ee p}.z ﬁf-' e
a 0] @ @y O Oy O Oy X

Puc. 16.2

Ypn s1om momarawr f,(x) =0 ans ecex xz < 0y U Z > @y, TAK KAK
no=0un=40.

ITycry mnorHOCTH pactpepenenns f(x) HeapepHBHA M OrpaHHYeHSA,
a KONMYeCTBO Paspsamos I, + 1 saBucur or 06beMa 1 BHGODKH TAKMM
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obpasom, uro I, -+ 00, Ho npu 3TOM nfl, — co (BanpuMep, MOXKHO
BHIGpaTE 1, = ¢; + czlnn, rae ¢y, ¢ — HEKOTOpHE MOIOKHTENbHBIE

koacTanTH). Torga spGopoIRas MIOTHOCTE PACTIDEIENICHHT f;g(:c) , pea~
THSALMAME KOTOPOH CIyAT THCTOTPAMME! [ (%), CXORUTCH HO BepoAT-

HOCTH K naorHoctd f(z) uabmomaemott CB, T.e. fn(x) £, f(z) npa
n — oo s moboro x € R! . Taxum 06pa3om, NpH ZOCTATOTHO <MENKOM»
pasbuenum oTpeska [a;, o] w npu Goabmmom ofbeMe BHGOPKH 7 BBICOTH
NOCTPOGHHELIX MPAMOYTOIBHUKOB MOXHEC TPHHRMATL B KauecTse mpubim-
EHHBIX 3HaveHn# noTHocTH () B CpegHHX TOUKAX COOTBETCTBYIOIMX
AHTepBasos. Vs 3Toro clieqyeT, IT0 FECTOIPAMMY MOXKHO PACCMATPHEBATH
KaK CTATHCTHUYECKHI AHAJIOr INIOTHOCTH Daclipelenenuda HabmogacMolt
CB X. Hcnonesys racrorpaMuy, HEH3BECTHYIO ILUICTHOCTH MOXXHO AR-
[IPOKCHMUPOBATE KycOTHO noctoariolt dyexuuelt. Ho ma maTemaTuuecko-
ro aHaJH3a K3BEeCTHO, YTO eci (hYHKIMA SBAAETCH NOCTATOMHO TIAgKoit,
TO KYCOYHO JILHeHHAS AUPOKCHMALHS OKASBBAETCH, KaK MPABMIO, JIyqme
KYCOUHO TOCTOAHRHONR,

Onpepnenenue 16.14. CrnakeHHYI0 'HCTOrPaMMY B BHOE JIOMaH-
HOH, ¥ XoTopoil npAMEbe JHHEM IOCASHOBATENbHO COSOWHIIOYT CEDETUHEL
BEPXHHX rpaHelt OPAMOYTONLEHMKOB, 00Pasyomux cTonfLoByIo AMarpaM-
MY, HE3BIBAIOT NOAUZOHOM “GCTROTN.

16.5. BraGopounsie MoMeHTEL. IlycTe mmeercs BniGopka Z, =
= col(Xy, ... ,X,), Koropas nopoxaera CB X ¢ dyuxupuet pacnpene-
newun Fx(z}.

Onpegenenue 16.15. L priGopke 2, ofbeMa n snbopoxHvsmu
HOMAALHOAY H YEHMPaAbHbMY Momenmamy nopadxa r CB X mHasnea-
1oTca crepywmupe CB:

~ ald
V,-(ﬂ):;E(Xk)", r=12,..;

k=1
- Al - ,
“‘T(ﬂ)=;z(xk_vl(n)) y r=2,3,...
k=1

Onpenenenne 16.16. Bubopounmsm cpedrum u enbopourod duc-
nepcueti CB X HaspisaloTea o

~ ~ Al E
Ax(m) 2o 213 x,
k=1

Tx(m) & pa(m) & 1 3™ (Xe — x ).
k=1
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B jpansuetimem My Gy/ieM HCOONB30BATH COKpalNeHHEHe 0G03BAIEHAR
My = Mx{n), dx = dx(n), ecan 3ro He Syaer MpUBCOHTE K MyTAHHOE.
ITycTe mMeercs Takke Bubopka V, a col{(Yy,...,Y,), mopoxaennas
CB Y c¢ bynxumelt pacnpepenerus Fy(y).

Oupegmenenne 16.17. Bubfopounvm xoafduyuermom xoppeasyut
CB X n Y masusaior

i(x,, = fix}(Ye — fiiy)

e A p=1

T =
XY n\/ dxdy

IlycTs cymecTBYoT HoCNEAyeMEEe MOMEHTH Yy, . LOINA cOpaBel-
JIMBH CIeOyIOmWAe CBOHCTBA,

CeoficTEa BHOOPOYHHX MOMEHTOB flix
1) M [ (n)} = v mna moboro n 2 1 mana seex r=1,2,...;
—~ oO.H.
2} Pp(n) — v, npu n — oo Jm Beex r = 1,2,...;
—~ I.H.
3) fr(n} — p, NpE B — 00 anm BCeX T = 2,3,...;
4) Dlmx] =dx/n, roe dx = D[X];
5) M[&“x] =21

n

6) (fMx —mx) /ddx/n —F—} U npu n = oo, rae CB 7 umeer
pacnpenenenne N(0;1);

7) (t?x —dx)/\/(v‘;——vg)/n v npe n —+ oo, rxe CB U
nmeer pacnpezeneine IN(0;1).

BTopoe u TpeThe cBolicTBa YKAa3LIBAIOT, YTO C YBeaudeHMeM ofbema
BLIGOPKH BEIDOPOHLIE MOMEHTH OYIyT CKOIEL YrofHo GIUSKH K COOTRET-
CTBYIOUIAM TeOpeTHYeCKUM MoMerTam. [Ipumep RaxoxaeHns obbeMa Bbl-
60pKH, TAPaBTHPYIOMEN? B ONPEAIeRROM CMhucle 6na3octt PHIGopounoft
XaPAKTEPHCTHKH K e HCTHHHOMY 3HSYMeHHIO, mpupeaen B § 23,

H3 nepBoro cBOMCTES BHITEKAST, YTO MATEMATHYECKHE OXHIAHHA
(MO) B60OPOMHBIX HAYAJNLHBEIX MOMEHTOB COBIANAIOT C COOTEETCTBYIO-
IMEMA 3HAYCHHAMY HadalibHHIX momenToE CB X, T.e. B 3rOoM cMuiCHe
obnagaior ceoftcTeoM <HecMemeRHocTny, A MO Boifopounolt suciepconn
dx me cosmagper ¢ gucuepcuelt dy CB X, me. 8 smom cducne CB
dx sBAKETCA «oMentenNol» BRGopoanolt XapakrepucTako# dy . IToaTomy
YacTO BMECTO dy HCIIOAL3YIOT «UCNPRGACHHYI03 BHIGOPOUHYIO EHCIIEPCHIO

- A T .
ix = ;%dx,mmpoﬁ M[sx]}=dx.
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168.6. TunoBhle 3axavn.

3amaua 16.1. B MeTeoposOril IPAHATO XAPAKTEPHIOBATE TEMIIEDa-
TYDY Mecana ee CpeXZHHM 3HaueHHeM (cpeaHee 3HAveHMe TEMNEPATYPH
MeCAlla PABHO CYMME TEMTIEPATYD BeeX aHelt AAHHOTO Mecala, AeneHHOH
Ra 4MCIO AHEH B 9roM Mecaue). B mabn. 16.2 npuBefeHbl 3HAYeHMs
cpepmpell TeMnepaTyphl aHBapd B T. CapaTose U . AJaTHpe,
Tabanua 16.2

Ton 1891 | 1892 | 1893 | 1894 | 1895 | 1896 | 1897
Capavop | —192 | —148 [ 19,6 | -11,1 | —9,4 | —169 | =137
Anavups | —21.8 | 154 | 208 | —11,3 | —116 | ~19.2 | 13,0
Toa 1899 | 1911 | 1012 | 1913 [ 1914 [ 1015
Capatos | —4,9 | -139| —94 | —83 | -79 | -53
Anatepy | 7,4 | =151 | ~144 | —11,1 [ -105 | 7,2

Tpefyerca no AAHHBIM peanusanusM HaliTH: o) BHOOpOuHOe cpesHee
H BHOOPOYAYIO ARCIEPCHIO Cpemnelt TeMueparyph! aapaps B r. CapaTose
¥ T Anarwpe; 6) smGopournilt KosdpHUIHEHT KoppensiuH cpeguelt
TeMIePaTyphl AHEap:a B . CapaToBe H cpenqaell TeMIeparyphl AHBADA B
r. Anatrpe.

Pemenne. Iycts CB X — cpexnsas Temmeparypa HEBApd B
r. Capatope, a CB Y — cpeguss TemnepaTypz SHRApA B I AJaThIpe,
B Tabnnue npHBEgcHA PeANH3AUMA Ty,... ,T13 Bubopkm Xip,...,Xis,
nopoxsennot CB X, m peanmsanmna vy,...,4s swbopku Y3,...,Yis,
nopoxuennoit CB Y. Bubopowsioe cpeanee Mmx CB X ana jpannoft
PeRNM3AEY T, ... ,F)3 PABHO

mx-—l—zz.sa 11,87,
l—’l

a sHbopounoe cpennee My CB Y pamno

5)

1329‘“ ~13,75.

i=1
Buifopoutad AUCAEpCHA dx CB X nas AaHuOl peanuaamuu (z,...
..+ yZ13) paBHA

dx =3 2 (2 — (—11,87))% s 22,14,
i=1

a Bubopounast jucnepcrs dy CB Y pasna

e

13
= Ilé S (5 — (—13,75))? ~ 20,09.
i=1
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BriGopounniit koadrpuiment xoppensmyu CB X n Y

3> (o = (~11.87)) (s — (~13,75))

'ny = =l -] 0,95.

132214420,

OrBer yxyx—11,87, My~ —13,75, dx 222,14, dy ~20,09, Fxy ~
0,95

3amaya 16.2, B 1889-1890 rr. 6un mameper poct 1000 B3pocimIx
myxcuns (paounx Mockonckrx Gabpuk). PesyabTaThl HaMepeHult mpen-
cTarjeHbl B Taba. 16.3 {zannuie sasre us [10}). Ilo umeromuames mabario-
JeHUusAM TPefyeTca NOCTPORTD THCTCPAMMY.
Tabénuna 16.3

pocT [eM] 143-146 | 146-149 | 149152 | 152-156 | 155-158
YHCA0 MYXYHH 1 2 8 26 65
poer feu| 158-161 | 161-164 | 164-167 { 167-170 | 170-173
HHCAC MYIKYHE 120 180 201 170 120
pocr [cM] 173-176 | 176-179 | 179-182 | 182-185 | 185-188
THCHO MYKYIHH 64 28 10 3 1

Pemenne. Ilycr CB X — pocr m3pocmoro myxuunm. Torma
NpHBCHCHHaA TabAHuHA cOmepKHT peanHzaumio subopkn Xi,..., X000
nopoxaennoli CB X.

B aauHoil 3amave rpynuHpOBKA BHGODKH Y)ke NpPOBeHeHa: OeltcTBH-
remerad ock R passienena ua 17 nonymureppanos Ay, k = 0,16, rae
Ay = (~00,143), Aig = [188,+00), & ocTanbHbe 15 nmonyHHTEDBANOB
HMEIOT OoAHAKOBYI0 Ry h = 3. Bo propoit cTpoke Tabnunpl DpEBeAeHb!
uMcHa ng, k =1, 15, paBHbe KOJKYECTBY WIEMEHTOR BHGOPKH, TONABLIHX
B k-# paspaz, BuuuciIEM YacTOTY NONAARHANR B K-H HomymuTepea, k =
=1,15: P, = np/1000, B NOCTPOHM PEANHIAMIC CTATHCTHYECKOTO PAAA
(cm. mabn. 16.4).

TaGnuua 16.4
Ap | 143-146 | 146-149 | 149-152 | 152-155 | 155-158
P, | 0,0003 | 0,0006 | 0,002 | 0008 | 0022
Ay | 158-161 | 161-164 | 164-167 | 167-170 [ 170-173
Py 0,04 0,08 0,067 | 0,087 0,04

Ay | 173-176 | 176-179 | 179-182 | 182-185 | 185-188
s 0,021 0,009 0,003 0,001 0,0003

Teneps na oca OX ornoxkum paspaml Ay, k =1,15, 0 Aa HEX, KAK HA
OCHOBRHMH, HOCTPOBM MpPAMOYTOJILHEKH BrcoTOR P (puc. 16.3).
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&=
S
0,067
1 —
IEEEEE R
Puc, 16.3

§ 17. OcHoBHBIE paclpefeICHNs B CTATUCTHKE

17.1. Pacripegenense Xa-KBaapaT.

Onpeneneuue 17.1. MHyere Uy, k = 1,n, — nabop us n
HE3ABHCHMBIX HopMaNsko pacnpenerenusix CB, Uy ~ N(0;1). Torza CB

x, &0t
k=1

nMeer pacnpedesenue ru-readpam (x?-pacnpedesenue) ¢ n cmenenamu
c6o6odn, wro obosnavaeTcs Kak X, ~ x3(n).

CroficTsa pacopelelenuusa xm-Ksagpar x2(n)
1) CB X,, mMeer cieZyomyio WICTHOCTD PACcIpeReeRs:

1
flm,n) = { 20/3T(n/2)

gn/A-1lg—z/2 50,
0, 20,

+o0
rre I'(m) 2 _[ y™ e ¥dy — ravma-bymxuma. Dpacbuxn byukipuit

0
f(=,n) (puc. 17.1), maspisaembie npuevimu Hupcona, aCHMMETPUYHE K
HAYHHAA ¢ N > 2 MMEIOT OOWH MAKCHMYM B TOUKe Z =< n — 2,
2) Xapaxrepreruyeckas ¢pyukuus CB X,, umeer Bug

+oc
gltin) = [ & f(z,n)dz = (1 - 26i) ™",

OO
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3) CB X, ~ x*(n) mMeer creayionpme MOMERTH:
M[X,] = n, D[X,] = 2n.

4) Cymma mofioro umcna m Hesapucumuix CB X, k& = 1,m,
HMEIOIIMX paclnpeiefiecHAe XU-KBAIpaT C 1ig CTENCHAMHM CBODOIDI, MMeeT

m
A
PACTIpenesieRe XB-KBaIPAT C ft = ) My CTEleHsIMH CBOGOABI.

k=1
A
n=]
05
=2
=2
___!_\ -
1} n-2 x
Puc. 17.1

5} Pacupepenenpe Xu-kxpafpar oBaaNaeT CBONCTBOM GCUMNIMOMUNE-
cxotl nopmarvrocm:

Xn—n F
i —s U " 7 — 00
o up s

rme CB U umeer pacnpegenenne N(0;1). Dro osmagaer, wro mpm
ZocTarouno SomeimoM ofbeme 1 BHIGOPKE MOMKHO NpubMiKeHHO CHUTATH
Xa ~ N{n;2n). Qaxruvecku 5Ta anIpOKCAMAUNS UMeeT MECTO YXKe HpH
n = 30.

INprmep 17.1. IIpusensM upuMeDp, B KOTOPOM BO3HHKAET PacIpe-
neneHwe xu-kBagpar. [lycTs Bribopxa Z, COOTBETCTBYST HOPMAILHOMY
pacnpegenenmio N(m;c?). PaccMoTprM BHI60pOTHYI0 ARCIEPCHIO

o~ 13 -
dx == Y (X - fax)?,
n
k=1
roe My -— pubopounoe cpemuece. Torma CB Y, a ndx / o2 uMmeer

pacnpegenerre x2(n — 1) u He 3aBHCHT OT i) .

17.2. Pacnpeneneaue CrohioneHTA,

Onpeacnenne 17.2. Ilycrs U » X, — mesaeucomme CB, U ~
~N(0;1), Xy ~ x*(n). Torza CB T, £ U [ /X, n mueer pacnpede-
Mgt(se)ammﬁeuma ¢ n cmenenamt ceobodwt, aTo 0GosradaT Kax T, ~
~8(n).
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Ceoficrpa pacnpegenenun Crriogenta S(n)

1) CB T,, mEmeer IIOTHOCTEL PacIpee/ieHns

s = 2CE) (14£) 77

Fpabuxr miorsocrelt f(t,n) (puc. 17.2), Ra3hlBacMBIE KpuebMu
Crviodenme, CUMMETPHYER NpH BCeX n = 1,2,... OTHOCHTENBHO OCH

OPNKHAT,

)

im0

oy

4 9| i
Puc. 17.2

2) CB T, wmmeer MO, pasnoe M[T,] = 0 ana Bcex n 2 2, n
aucnepemio D[T,] = n/(n — 2) npu n > 2. Ilpn n = 2 guciepcas
DI[T,] = +o0

3) IIpu n =1 pacnpegenenue CTHIONEHTA COBIANAET ¢ pacnpedencri-
esm Kowu, NIOTHOCTS KOTOPOFO PABHA

Flt 1) = =

141¢2°

3 =

Ho, xax m3BecTHO, MaTeMarTHIeckoe mkunawme m amcnepcus CB T,
pMeouelt pacupefenchye Komu, He cCyniecTByior, Tak Kak DeckoHedeH

npegen
lim I{a)} = +oo,
a—3o0

a

al t
e I(a) p J m dt.

4) MoxHo moka3aTh, YTO NP4 1 — 0o pacupexesnenue S (n) acumoro-
THYECKH HOPMaJiLEO, T.€. T), —F> U, rge CB U umeer pacupenencune
N(0;1). Ilpn n > 30 pacnpegerenne CthionenTta S (n) mpakTAIecku mHe
orauuaerca or N(0;1).

IIpumep 17.2. IlpueeaeM npHMep, B KOTOPOM BCTPEIACTCH PacTIpe-
aenesne CreiopenTta. Ilycrs Bebopra Z, CoOTBETCTBYET HOPMAILHOMY
pacnpenenenmo N(m;o0?). Ilycrs fix — suopounoe cpeapice, a dx —
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prbopounan gucnepcrst. Torma CB
Mx —m

Vdx

nmeer pacrpeaenenne Crbiogenra S (n — 1}.

Tn= n—1

17.3. Pacopeaenenne dumepa.

Onpegeaenue 17.3. Ilycrs Hesasmcumnie CB X, u X, mmelor
pacnpefeneHus xn—xsaapa‘r COOTBETCTBCHHO C 1 M 111 CTeNeHAMH cBobo-

aul. Torna CB Vﬂm = ";ﬂ HMeeT pacnpedescnue Putuepa ¢ n u Mm
m

CMENERAMY €80000H, 9TO 3AMUCHIBAIOT KaK Vy, m ~F (n;m).
CroficTea pacnpegencuusa Pumepa F(n;m)

1) CB V, 4 Mmeer mrotwocts f(v,n,m) =0 npp v <0 1

l"(" m) m ‘U%_l

f(U,ﬂ,m) F( )P( ) m opH v 0.

I'paduxe bynxunn f(v,n,m), Hassisaemble xpuestmy Duiuepa, acuM-
METPHYHAL B MPH N > 2 JOCTHTAIOT MAKCHMATLHLIX 3HAYCHUN B TOYKAX

v %_%ﬁ,ﬁmxnxxegumenpnﬁmmsﬂmemx mun.
Temosoii Buz xpusol Pumepa npusemen Ha puc. 17.3.
A 1)
1
0 (2m X
A(mt2)
Prc. 17.3

2) CB V,, ;n HMeeT CleAyOMAe MOMEHTEL:
M[Vaml= 2 npE m > 2,

2m*(m+n—2)

DVem} = nim = 2)2(m — 4)

mpm m > 4.

Opumep 17.3. Nyers Z, =col(Xj,... ,X,;) —Brbopka ofteMa i,
nopoxkaernas CB X ¢ mopmansREIM pacnpegenenmem N(myx;o?), a
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Wy = col(Y,...,Y,) — subopra obbema m, mopoxpeanas CB ¥V ¢
HOpMAJbHEIM pacnpeaeaennem Nimy; 02), u(CB Z, u W, HesaPUCHMEL.
Torma CB, 00pa3sopaHHas OTHONIEHMEM HCIPABMEHHLIX BHBOPOTHBIX
aucepcuit CB X u V', T.e.

"
nll Z (Xk _axf
Vn,m = k?,:

et > (Y3 — iy’

j=1

uMeer pacnpenenenue F (n— 1;m —1).

§ 18. Touegnsie OLEHKH

18.1. OcHoBHEIE ICHATHS.

Onpeaenenue 18.1. Ilapamempom pacnpedescrun 6 € © c R’
CB X HasniBaeTcs Juobas 4HcmoBas xapaxTepucTHka 3rofi CB (Mare-
MATHYeCKOe OXKUIAHVE, SUCUEPCAS K T.IL.) WiH J00as KOHCTAHTA, SBHO
BXOAAIOAA B BEIpaXKeHHe Iad GYHKIMH PACHPEASTeHUS.

B ofmeM cnyuae GyleM OpeANONarath, YT0 OADaAMETp pacHpexelie-
HuA 6 moxer OnrTh BexTOpHEM, T.e. § €O C R,

B cnyuae napaMerpudeckoit craTicTHyeckoit Mogenu (Sa, Fz (z,,8))
TAKHUM NADAMETPOM PACIPEENEHA MOKET (IYKHTh HeHIBCCTHBIN BEKTOD
9 € 8 C R’, xapaxTepusylomuit pacrpegenenue Fgz (2,,8).

[IycTr mmeeTcs prbopka Zy, = col{Xy,... ,Xn) ¢ peanmsanmedt z, =
=col(zry,... ,25)-

Onpenenenme 18.2. Touenwnod (embopouroil) oyenxod HeMspecT-
Horo napaMerpa pacnpegenchus & € © C IR® gasniBaeTcs NPOUIBONBHAR

crarncTika 6(Z,), nocrpoenras no BeIGODKe Z, X NPRHNMAOLAHL 3Ha-
YeHHA B MHOXecTse ©,

3ameuanne 18.1. Peanaszammio g(z,,) OHEHKH §(Z,,) OPHHMMAIOT,
KaX NPaBHUAO, 33 NpHOMDKEHHOS 3HAYEHHEe HCM3BECTHOro mapamerpa 0.

HcHo, ¥TO CYmMECTBYET MHOTO Pa3HEX CHOCOH0B TOCTPOCHUS TOYCIHOM
OLEHKH, KOTOpbie YYHTHIBAIOT THI CiaTHcTHdeckoit mozemm. Jna napa-
MeTpHiecKol W HemapaMeTpHueckoll Momeneft »1H COCOORI MOTYT GHITH
pasmuaAN. PaccMoTpuM HEKOTOPHE CBOACTBA, KOTODHIE XADAKTEPHIYIOT
Xa4ecTBO BEEICHHOI ONeHKH.

Onpenenenne 18.3. Qunenxa 6(Z,.) napaserpa § HasmBaeTca
necamerwsenrot, ecnut ee MO pasno @, re. M[G(Z,,)] =4 mmﬁoro
e,
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Onpepencune 184, Onemra 5(2,.) napamerpas @ HasmBaer-
ca cocrrmme.nbnoﬁ, eCiH OHA CXOONTCA TI0 BEPOATHOCTH K 9, T. €.

#(2,) —£— 6 npu n — 0o st moboro 9 € .

Onpepenenue 18.5. QOnemka ﬁ(Z,,) mapamerpa & HA3LIBAETCH
CHABHO cocmoameatnoﬁ, eCJIH OHA CXOJMTCR HOUTH HaBepHoe K &, T.e.

8(Z,) =2+ @ npu n — 0o mra moboro & € O,
OueBHAIHO, YTO ECHH OIICHKA CHILHO COCTORTENbHAA, TC OHA ABIACTCA
TAK2KE COCTOATENLHOMN.

Tipamep 18.1. Quenxa 91(Z = mx EenzpecTHOro MO 01 x
CB X sagasiercd HecMeineraolt (no crofictsy 1) iy ), a olenxa 2 (Z,,) =

24 x HeH3BeCTHON apcrnepcru & 24 x — cMemenHoit, Tak xak M [Ex] =

;1 dx (mo ceoitctey 5)#ix ). Ouenka @‘2(2,,) a §x dBngerca

mecMelnerHoll omenxolff dy nO ompemefeHUI0 Sy . KCNA CymmecTByioT
MOMEHTH my, dx, TO CUAbHAA COCTOATENBHOCTh OLNEHOK iy, dx
rapaHTHpyeTcs ceoficrsamu 2), 3) My .

CaolicTBaMH COCTOATENLHOCTH M HECMELICHHOCTH MOryT OGHAIaTLh
CPa3y HeCKOJBKO ONEHOK HEeHM3BECTHOTO rapaMeTpa 8.

Oupenenenune 18.6. Hecmeuennaa onenka @‘*(z,.) CKANISTPHOTO
napaMerpa ! HasmBaerca sidexmusroti, ecmn D [?‘(Zﬂ)] <D [ﬁ(z,,)]

IS BCEX HECMEDISHHBIX OLIEHOK §(Zﬂ) napamerpa €, T.e. ee AHCHEDCKS
MEHEMAJBHA 10 CPABHEHHIO C HCIEPCHAMU JPYTHX HECMEEHHLIX ONEHOK
IIPE CAHOM H TOM e obbveMe 1 BpIGOpKRE Z,, .

MMpumep 182. IIycrs CB X #mmeer HOpMEIJIbHOG pacnpenenenne
N{mx;0%) ¢ pemaBecTHBIME TapaMeTpaMu 6 Emy, 0,2 c% . B strom
ciyuae BGOpOYHOE cpefiHee iy ABNAfETCA 3deKTHBHON ouenrolt My .

B xnacce mapamerpmueckmx Mopmene# (Sg, Fz, (2n,8)), 6 € © C

C R!, paccMOTPHM NOAKAACC CTATHCTHUYSCKHX MOZENeH, YAOBITEOPIO-
IMUX HEKOTOPHIM €CTECTBEHHKIM YCIOBRSEM perynspHOCcTH. C 3Tof 1ensio

BBEJIEM CIIENYIOMHe NOHSTHS.

Onpexenenune 18.7. @ynxyued npasdonodofus A1 HeH3BECTHOTO
napamerpa ¢ € © C R’ nasnsacrcs: B (tydae HenpepeiBROH Habmonae-
moit CB X — mnoTHoCTHs pacnpesesieHHs

L(zns 911 s ,es) é fZ..(z!'H 01: e 398) = H fX(zlnal"' . 398)1
k=1

rae fx(z,6y,...,06,) — naornocts pacnpegenenua CB X, a B cinywae
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ARckpeTHoft pabmiopaemoii CB X — mponssezenne BeposTHOCTER

n
L(zn: Bls“ . :03) é H pX(:cfnaIs cas 193)3
k=1

rae px{(zk,01,...,0,) — BepoarHocTs cobuiTRE {X = z:}.
Amanoruuno onpememserca yuxmus npasaorofobua Lz, bh,...

..+ y0s) mpm Heommopommoll Bhibopke Z, = col{Xy,...,Xa), korma
CB X;, k = I,n, nonpcKEeMY HE3aBHCHMEI, HO MMEIOT DA3NMTHEIE
IAOTHOCTA pacupefencHua fx, (ck,0,...,0,), 3apHCAIIe OT OJHOTO K
TOro e Habopa HeH3BECTHHIX DapaAMeTpoE &1,... ,8,.

Onpenenenue 18.8. Jocapupmuuecxol dynuxyued npasdonodo-
fun ana HemwapecTHOTO mapamerpa f € © C R maswmaercs dyurous
lnL(z,,, 01, e ,93) .

Onpegsenenne 18.9. [IapameTpudecKas CTATHCTHYECKAA MOJENE
(S, Fz,(2:,8)), 6 € © C R', nasuipaerca pezyanprod, eciu BHIONEA-
IOTCS CNEAYIOMUE YCAOBH:

1) dyrrmas npasgomoncbus L{z,,8) > 0 omst scex # €O u 2, € 5

AudGepentpipyeMa mo gapaMerpy 8 € 0
2) ana moboro HamepuMoro MHOkecTea A C S BHIIONHAETCA YCIOBHE

) @
%lL(sz) dzg = L%L(z,.,e) dz,.

U3z ycnosus 2) BLITEKaET, B 42CTHOCTH, YTO B CIIYYAE PErYAAPHOHL Moze-
S BRHIGOPOUYHOE TpPOCTPaucTBo Jg = §, T. €. He 3aBHCAT OT HEN3BECTHOrO
napamerpa 4.

IIpamep 18.3. Ilycre Bmbopra Z, COOTBETICTBYET PABHOMEPHOMY

pacnpegenennio R(0;b) ¢ HemsmecTHBIM mapameTpom @ £ b. B arom
Clydae NapaMeTpHuecKas cTaTHCTwHdeckast momenb (Sp, Fz, (zn,0)) He
ABAACTCH peryAspHON, TaK Kak BhGODOUHOE HPOCTPaACTEO Jg ompese-
ssieTca Ma orpeskax [0,d], a cresoBaTeNLHO, 3ABACAT OT HapaMmerpa b.

Oupeaenenne 18.10. B ciyuae perynapHo#t cTATHCTHYECKON MO-
zenu (S, Fz_(zn,0)), 6 € © CR', penuupma

L(®)4M [(——-—1‘3‘““3"-’9 )2]

90

HasnBaeTca unopmatuet! Puwepa o napamerpe # € O, conepxxameiica
B seifopre Z, .
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B cayuae perynapuo#t Mmogenu (S, Fz,(2n,0)) ana mobott RecMemen-
HOH OHEHKH ?(Z,.) napamerpa & € 8 C R' cnpaseamieo nepaserncmeo
Pao-Kpamepa

D [ﬁ‘(z,.)] > }:1(?)

DT0 HePABEHCTRO JAST HIDKHIOW I'DAHHIY IJIS JHCIEPCHH HEeCMemeH-
HOH OIEHKH.

Ounpezmeaenne 18.11. Hecmemennaa omeHKa g(Zn) napaMerpa
9 € © CR! nasniBactes R-sfpexmuenots oyernxot, ecan 1a STOK OMEHKH
B HepasencTee Pao-Kpamepa focturacresa paBeHCTRO, T.e. D [5(2,,)] =
= 1/1.(8).

Ecm R-s¢gdexTusnan oueHKa CyMECTBYET, TO OHA ABASETCH TAKIKE
aguhexTHBHON B cMEICIe MUREAMYMa aucnepcnd (cM. onpenestensne 18.6).

Crocob moctpoenus R-3dbeKTHBHLIX OLEHOK BEITEKALT B3 KPUMEPUL

adifexmusnocmu, cocromnero B crenyiomeM. OueHka ?(Z,,) napamerpa &
asnserci R-sddgexTusnoit Torma M TOALKO TOTHA, KOLOA

-~ 1 & 8nf(X:,6)
HZp)— 0= 3 1,
LGy 2~ o0
Tatanna 18.1
Mogem | In(8) 8(Zn) D([0(Z.))
o2 - fg= L1y 7%
N(8; %) e Rx = — gxa 2
o~ 292
Nimx;8) | = |dx=-S(Xi-mx)®| =
267 i=1 "
. kn i 12 o(1-¢
Biki%) | si—w =g _(i?;_)
=
n P . 2
H(G) 3 mx = ; & Xi oy
IIprmep 18.4. IIpuseaem npumepnt R-3bdexrupunx (a cremo-

paTeNsHo, U 3GDEKTHBHRIX) OLEHOK g(Z,.) HEH3BECTHHIX NapaMeT-
pos @ HeKOTOPHX pPACHpOCTPAHEHMERIX PpaclpefefieHHl, HX JHCIEPCHH
D [ﬁ(zn)] » @& Takxke smauenns uupopmammmu Ommepa I,(f) (cm.
Ta6n. 18.1).
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Opumep 18.5. Ilpmeegem npumep, xorga 3dxbekTuBEasm oneHKA
HEH3BECTHOIO MAPAMETPa, CYIHecTBYeT, & R -sdupekTuBnad OneHKA He Cy-
mecTeyer. IlycTs BMbopra Z, cooTsercrByer pacnpeienenuio Nim;o2)
¢ HEM3BeCTHRIMH Dapamerpamm & £ m, b 252 B DaHHOM CHytdae
APaMeTPUYECKaN Mojennb seagerca peryaapHoii. Ha n. 16.5 caenyer, wro
CTATHCTHUXA

- 1« s
8;;(2,,) = P Z(.Xk - mX)z
k=1

ABJIAETCH HecMeIenroll oleHKoi memapecTHON aucepenu dx = o?. Kak
¥Kasano s npemepe 17.1 3 . 17.1, CB

A (n—1)8x(Zn)
oS ——p
AMeeT pacripeneieHMe xw-ksampar X (n — 1), a crenoeaTensHo, €8
pecnepcus pasua D[Y,] = 2(r — 1). Tlosromy
20t
n—1"

D I?X(Zn)] =

Cornacuo nepapencrsy Pao-Kpamepa HICKHA® rpanmia IucliepcHH
moboll HeCMEIIECHHOM ONEHKK B 3TOH CTATHCTHYECKO! MOTENH PaBHA
20 /n. Taxum obpasoM, 8x{Z,) He apnserca R-3ddeKTHBRON OUEHKOH.
Ho moxHO nokasaTb, 4TO »Ta OLUEHXA sBisercd a¢gpeKTHEHON, T.e.
8x{Z,) umeer MumrmaneHyw gucnepcuro. Taxum o6pa3oM, HUMKHSA
rpaauna B Hepasencrse Pao-KpaMepa He focTHTaeTCH, & CICHOBATENBHO,
R-s¢drdexTurHOl 0OLENKH He CYIECTBYET.

18.2. MeToa mMakcuMansHoro npasaonomotusa. Kak yxe orme-

YANOCH BHIOE, HA NPAKTHKE HYacTO YAAeTcd IPEelCKaszaTh BHJ pacnpe-
Aenennsa uabmomaemoff CB ¢ TouHOCTBIO 50 KeHIBECTHRIX NMAPAMETPOB

X col{6y,...,0;), T.e. ana HempepwBHOft CB X oKasbBaeTcA W3-

BecTHOit nnotTHocTs f(%,0), a ans Amckpernoit CB X — mepoarmocTH
(xi, 0) 2 Po{X =z}, i = 1, roe x;, i = 1,m, — BOSMOXKHBIE
seavenns CB X . Hanpmvep, Moxer 6wt 8 =mx, 02 =dxy 1mpu s =
= 2. DT HeuzBecTHLIE HAPAMETPH TpeliyeTcs OHEHUTH IO UMeOmEHcs
BEIbOpKe Z,, .

PaccMorpamM TapaMeTPHICCKYIO CTATHCTHIECKYO MOJENb
(Ss, Fz,(2,6)), & € © C R®, pmna xoropoit masectHa dyHKnus
npasgonopcbes L{z,,01,... ,0,).

Onpegmenenne 18.12. Ouenxofl maxcumatvrozo npaedonodobus
(MII-oyenxoil) napamerpa 0§ € © HaznBaercs crarucTHka §(Z,), Max-
CHMH3UpYIONIAd JUIH KAJKAON peanusaimy z, $yHKIIMO OIpasAononobud,
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8(22) = arg max L(zn, 6).

Crioco6 noctpoenus MII-olfleHKY HAILIEALTCH MEMOTOM MAKCHMABILHROZ0
npasdonodobua.

Iockonexy bymxmus mpapmonogobua L(2,,6) u e8 norapudm
InL(z,,60) mocTHraloT MaKCHMMyMa MpH OMHMX M TeX jKe 3HaueHHMAX &,
T0 wacto Bmecto L(z,,#) paccMmarpusaror aorapudmMudeckyio dhyHKIE0O
npapnononobus In L{z,, 8} .

B crryvae anddepennppyemoctu dyukunn In L(z,, ) no & MII-onen-

KY MOXHO HaiiTH, pewag oTHocHTexwHO O4,...,0, cAcTeMy ypaswenud
npaedonodobun
8ln L(zp,8,... ,8,) 8InL(z4,61,...,0:) =0

5, =0 ey a0,
OTMeTHM, 4YTO B TexX Caydasix, KOTHA CYWecTsyeT R-adubexTnEHAZ
OLEHKA ImapaMeTpa &, oHa cosnasaer ¢ MIl-ouenkof.
HDpumep 18.6. Ecau, ranpumep, CB X nMeeT HopMadbHOe pac-
npegenesve N{mx;o%) ¢ Hem3sBecTHHIM MaTeMaTHYeCKAM GXKHAaHMeM

A
8 = mx, TO NErk0 YCTAHOBHTB, YTO OUEHKOH MaKCHMAJBHOTO HPABAC-
monobua mapamerpa § = my npm mobuix oy sBIZeTca BHGOpOUHOE
cpengee My . JeRcTRUTENbHO, B 3TOM CIy4ae

- (o — mx)’®
Lenmx) = [ iop o { -2 } <
_ 1 (:ck—mx)
= @mriay { El 26% }

Juddepenuupya dbyuxumio In L(z,,mx) Do mx H NPUPaBHHBAS HYMO
HONYYaeMOe BEPAMKEHKS, HAXOOUM YPaBHEHRE, PEIleHAE KOTOPOTO

iy 1 bid .
G(Zn) = " E X, é mx.
k=1

IIpumep 18.7. Ilycrs CB X wmeer paBHOMepHOE DacIpejle/icHAE
A A
Rf{e;b) ¢ memspectnME napamerpamu &, = @, f3 = b. B nannom
cAyYae IVIOTHOCTL pacnpenenenus f(z,a,b) = 1/(b~a), ecnn z € [a,b],
K f(z,a,b) =0, ecmn 2 ¢ [e,b]. Ouennm mapamerput 4 B b MeTonoM
MaKCAMAJILHOTO npagacnoaobus. Oyaxand NIpasaonoAcOHs B IAHHOM
CITydae UMeeT BHJ,
I n
)

L(xlv-- ,:L'n,(l,b) = ﬁ f(zk!a!b) = (b-_

k=1
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ecmd 6 § zp £ b ana peex k=1,7n, u L{xy,... ,2q,4,5) =0 B ocTanbuux
CITYMAsIX. Tamm obpazoM, GYHKIHEA npaBAOMONODHSI OTAMYHA OT HyMd,
€CITH HeW3BECTHBIC MapaMeTpH @ K b YAoBMeTBODSOT HePABEHCTBAM

b g™ 2 max 2L, a<z® 2 min Tk
k=m k=1.n
IIprn srom ¢ywxmma L(zy,...,%n,a,b) FocTHraer MakcEMyMa 0O @

H b, xorma pasHOoCTs & — @ OKa3BLIBACTCA MHHHMAJILHO BO3MOKHOLR,
HE HADYINAIOIMEH MOMy9YEeHHSIE HEPABCHCTEA, T.€. B CIYyUae JOCTHIKEHWS
B HHX papencrs. Taxum obpasoMm nonyaaem Ml'I-ou,enKn HEH3BECTHLIX
NMAPAMETPOB & H b:

@(Zx) =X, B(Z,) = X",

e X®™ u X _ gpaltsue 91eHE! BADUALFOHHOTO PAAA.

Kax orMeyanock puIe, AaHHAS TAPAMETPHIECKAS MOUEID HE SBSCT-
cA peryaapuolt, HosToMy B JaHHOR MomenM R -a¢hderTHEHBIE OUCHKH He
CYHIECTBYIOT.

IMpamep 18.8. IlycTh ciryuadinas semmdmna X MMeeT pacipeme-
nexme [Iyaccoma Il{a) c memspectHRIM mapamerpoM f = a. IToctpomm
MIl-ouenxy oapamerpa . QYyHKUMA DpaBicOomo0HA B TOM CIyuae
papHa

n Thp—a

L{za,a) = ] z
noaroMy JgorapudMEYecKan (PYHKOEA IpapIonoachOns pasHa
InL(zp,0) = Y zxlna—na—ln(z,! ... z,!).
k=1

Pemas cooTBETCYBYKOIIEE YPIBHEANE TPABIOHONO0HS
i)
Ba In L (th ﬂ) =0
raxoguM MII-ouenxy HeH3BECTHOTO MAPAMETDA G

@(Z, )—-—-ZX;,—mx
=

IMpumep 18.9. Hatinem MII-onenky s BepOATHOCTH P <YCHEXA»
B cxeme Wcnuranult Bepuynma. B sTom cnyuae uMmeeM pacmpefienenue
Bepuynau Bi(l;p) ¢ remssecTRHIM mapamerpom ¢ = p. ITosTomy

L{zy,0) = f[ ™ (1 —p)' =,

kxl
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roe xx = 1, eciu B k-M HCOKITAHMH BRI <ycmexs, U xx = 0 — B
HIPOTHBHOM cay4ae. Pemras ypabHeHMe npapAononodusd
n
2 L) = 3. (2-122) =0

AP 1-p

OTHOCHTEJILHO NapaMeTpa P, HaxognM MIl-onenky

12 ~
ﬂzn)=zzxkémx.
=1

18.3. Meroa momenToB. VlcTopuvecku mepemiM M OHEHHBAHHSA
HEM3BECTHRIX MADAMETpOEB OLLT mpeasioken caexyiommi meron. Ilycrs
HMeeTcA DapaMeTPUYecKas CTaTHCTHYecKas Mogens Sy, Fz, (2:,0)), 0 €
€ © C R*. Ipeamonoxkum, yro y nabmonaemot CB X, moporcaaromett
BHIGOPKY Z,,, CYIIECTBYIOT HadaJbHbie MoMeHTH ¥; = M[X?], i = 1,s.
Toraa B obmieM ciy4dae OT HEUZBECTHLIX mapamerpos GyIyT 3aBHCETH M
HayaJLHBEIE MOMENTH, T.€. v; = ¥4(8).

IycTs 7;, i = 1,5, — BHIOOPOYHBIE HATAILHEIE MOMEHTHL PaccMorpuM
CHCTEMY YPABHAECHHH

Vi(e) = Fﬁ') 1 =m

M TIPEAIIONOMHM, IT0 o8 MOMHO PAIPEMIHTh OTHOCHTENBHO NapaMeTpOB
61,... ,8,, T.e. naittu dpynxuun & = i(P1,... ,%), i=1,s.
Onpenenenue 18.13. Pemenne momyuennolt cHCTeMBbl YPasHeRuit

8; = ¢iDy,...,7,), i = 1,8, masmBaeTcs oyenxol mapamerpa 6,
HallIeHHOM! no wmemody momeremos, uau MM-ouenxoti.

Ecm byarmam @) (-), ... ,©.(-) menpeprismm, To MM-ouenxy seas-
IOTCA COCTOATENLHLIME.

3aMevanne 18.2. VYpaBHeHHS MeTcHa MOMENTOB HaCTO OKA3SHIBA-
wTeq Boee NPOCTHIMY O CPABHEHKI) ¢ YPABHEHMAMH MPaBIOnonobnd, K
HX pellleHMe He CBA33HO ¢ BONBIIMME BEMHCANTENLHLIME TPYAHOCTAMH,

Hpumep 18.10. Ilycte Z, & col(X;,... ,X,) — BoIGODKa, COOT-
BETCTBYIOWIAS HOPMaTbHOMY pacipemenenmio N(m;o?) ¢ HenssecTHBIMH

A A a5 2
napamerpamu 3 = m ¥ f3 = g, Ouenxm HapaMeIpH m H G° €

IOMOLIBIO METOLA MOMEHTOR. B saHHOM Crrydae 1y =m, e =m° +0 1
CHCTeMA YPaABHeRMH AJA METONS MOMEHTOB IPHAMMAET BHH,
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Pemwaa sty cucremy, saxomam MM-onenku
0i(Z,) =5,  Ba(Zn) =2 -]
Ilpumep 18.11. Ilycrs Z, = col{Xy,...,Xn) — BHGOpKa, COOT-
BETCTBYIOIIAA PaBHOMEpHOMY pacnpenencHHio R{a;b) ¢ meuspecTHEIME

napaMerpaMu @y Sam & 25, Onenmy DapaMeTpsl 4 4 b ¢ momMompIo
MeTona MoMenTos. IlocKoNbKY M JaHHOIO pacupefie/ieHHa

a+b b— a)? +0\2
="z = 12‘1) +(32 ) ’

TO CHCTEMa YDABHEHHH MeTO/Na MOMEHTOB MPHHAMAEST BHLI

¥

(b—a)? a+b\2 Al 2
b () en

Pemas a1y cucremy, nonyuaem MM-oleHKH HEM3BECTHBIX HAPAMETDOB:
@(Z,) = — 3dx,  B(Z.) =7 +/3dx,

~ Al & ~ 372
roe dx = = ST{(Xp —imx)*.
k=]

Quenku, monyyeunse B npumepe 18.10 ¢ moMOmpio METONS MOMEHTOB,
cosnagaioT ¢ MIl-onenkamn, RajigenunMn B npumepe 18.6 v3 n. 18.2, a
MM-ouenku B npumepe 18.11 ne copnagaior ¢ MIl-ouerkaMH, nocTpoeH-
HLIMH B TIpEMepe 18.7 3 TOTO JKe myHKTA.

§ 19. UnTepBansible OLUEHKHA

19.1. OcHoOBHbIe NOHATAA. [IycTh UMeeTcH mapaMeTrputiecxas CTa-
TreTeckas Mogeas {Sp, Fz, (20,6)), 8 € © CRY, u no subopxe Z, =
= col{Xy,... , X,), coorseTcTByIOmel pacnpeaenerwo F(z, ) nabmoga-
emoii CB X, rpebyerca onpestennts Hem3BecTHLbI! napamerp §. BumecTo
TOYEYHEIX OLEHOK, PAacCMOTPEHHEIX PaHee, PACCMOTPHEM JpYrof THII OIe-
HOK Heu3BecTHOro napamerpa 8 € 6 C R,

Onpeneneune 19.1. Hurepsan [0:(Z,)},0:(2,)] co cnyvattummu
KOHI2MH, <HAKDPHIBAIOMA» ¢ BepoATHOCTRIC 1 — o, 0 < a < 1, HEH3-
BecTHEIE mapametp &, T.e.

P{6,(2,) <0< 62(Zn)} = 1 -,
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HA3HLIBAETCH JOBEPUMEALHIM KHMEPEAAOM (NI unmMepaaavHotl oueHxod)

YPOBHA HagexxHocT 1 — o mapamerpa 6.
Ananormuno onpegendercd JOBEPHTENSHHE UHTEpBAX AN IDOH3-

BoutsHOH yRKIAE OT mapameTpa @.
Onpenenerne 19.2. Yucno § £ 1 - o nasmBaerca dosepument-
Holl @eposmuOoCcIGLI0 HITH YposHem Josepus.

Onpegenernne 19.3. [osepurennunft marepean [61(2,),0:(Z,)]
HA3ZLIBALTCA UEHIMPIADNDIM, ECITH BHITIONHAITCH CNEAYIONIHE YCAOBHI:

P{0 > 05(Z,)} = % ,  P{6(Z,) 20} = g X
HacTo BMECTO ABYCTOPOHHAX ROBCPHTENABHLIX HHTEPBAJIOE PACCMATDH-
BAIOT OAHOCTOPOHHEE AOBCPUTEAbHbIE HHTEPBadH, nomarad §;{Z,) = —co
HIHA Gg(Z,,) = 4-0C.
Onpeaenenne 19.4. Hurepsaa, rpaEAHEI KOTOPOTO YIOBJIETBODS-
10T YCJTOBHIO:

P{620:(Z.)} = (um P{6i(Z;) 28} =a),

HA3BIBAETCH COOTBETCTBEHHO TPEaocmopontium (AMH ACGOCTOPOHMUM)
J0BEPUMEABHBM UHMEPEALOM.

PaccMoTpEM OBa PABNMHYHBIX CmOcoba MOCTPOCHHSA OBEPHTENbHBIX
MHTEPBAJIOB.

19.2. Hcnons3oBaHue NEHTPANLHOH CTATHCTHKH.

Onpenenenne 19.5. Qymxuus Y 2 G(Z,,8) crywaimoii esbop-
xu Z,, Takas, uro eé pacnpegencure Fy(y) He 3aBucHT oT mapamMerpa §
M npR JioboM 3HaYeHAN 2z, PyHKmHEE G(z,,0) aBaserca HempepsIBHOK K
MOHOTORHON 10 &, HaskBaercs yenmpeistoti cmamucmunoil JaA napa-

metrpa 8.
3uaa pacnpegenene Fy(y) wueurpancuolt craTHcTHRE Y 2

2 G(Z,,8), Moxno HaliTH 4ACIA ¢ H g2, YHOOBJICTBODAIOIGAE YCIOBHIO
Plo € G(Z,0) < o} =1~a.
Toras TPaHMIE! AOBEPUTENLHOrO uHTepBana (01(Z,),02(Z,)] ana napa-

Merpa & MoryT OHTL HAEEHE, €CIM PASPEIIATH, YIKTHIBAf CBOHCTBa
byneman G(z,, ), cneaylomue HepaBeHCTRA:

N £ G(Z,,0) < g2
B yactrOCTH, ecia ((2,,8) — MOHOTOHHO BospacTalomasn no § dyrxms,
TO
91(2,,) = Gul(zm 91)': 92{211) = G_l(zm 92)$
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rae G~ Y(zn, 01) — byrruma, obpaTnas no orEomenMIo K G(24,8). Ecnu
G(zn,0) — MouoTORHO y6upatomas no § dynrximia, o

91(Zn) = G—1 (ngz), 92(Zn) = G_I(ngl).

IIpaMenyM Jansmii MeTox AR NOCTPOeHES JOBEPHTEILEEIX HATCPBA-
OB HEN3BECTHBIX IADAMETPOB HOPMANEHOTO pacpenenerua N(mx;o%).
C aroft peavio chopMynuApyeM YTBEDKIIGHHE, ¢ TIOMOIIBIO KOTOPOTO MOXK-
HO ONPEIEATL UEATPAJBHEE CTATACTHKY LA HEW3IBECTHIX NapaMeTpoB
myx, ofr . Ho mepex ero dopMynaposkoit HanoMuaM clieAyloinee NOHATHE
#3 rmaHe#HOH anreGpHL.

Marpuma C pasMepHOCTH 7t X it C SNEMEHTaMM Cij, i = L,n, j =
=1, n, raspiBaeTcs opmozonaavioti, ecmt CTC = I, rae I — egunuanasn
MATPHOA PA3MEPHOCTH 1 X N, a CT — mpancnonuposanias Mampuya c
aIeMEATAMH c§ = Cji, i=1Ln, j=1,n.

PaccMoTpHM OpTOTGHAALHYIO MATpany ¢ CHEHHAABHOTO BHIA, ¥
KoTOpOlt IepBas CTPOKA COCTOHMT H3 MeMeHToB ¢, = 1/y/m, i=1n, a
OCTANILHEE CTPOKK — NPOR3BOJIbHbIC, HEHADYIAIOINME OPTOrOKalbHOCTE
marpuunt C. Takas MaTpHIA BCerja CYLIECTBYeT. PaccMoTpuM cBolicTBa
BEEJICHHOI MATPHIBL.

CBotcTBa MaTpUum C

1) zn:ck_fc.',- =0 s Beex k # 4, Tak xax CTC =1 u y equnnunok
Manmgxlnce TEMEHTHI, KPOME JIAATOHANLHEIX, PABRI HYMO.

2) i c?;j =1 gaaecex k=1,n, tak kKak C7C' = I U guaroHanbHble
SJIEMBE:I‘-_:I Marpnupt [ paBHR enMHHIE.

3) Eomu y = Cx, tie y = col{tn,... , 4} B = = col(my, ..., Zn), TO

n | /3
S yi =Y z}. Oettcreurenso,
k=1 k=1

T 1]
S w=yTy=(Cs)Ce=2"CTCe=2Te =3 =}.
k=1 k=1

4) 3" cij =0 pnaseex § =2, n. Us croticrsa 1) C As neproki cTpoxn
i=1
(k=1) mpr ¢ > 1 umeem

3 n
Ecij=\/5261jcij=0-
j=t

i=1
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Teopema 19.1. (Teopema Dutueps, yeurennwd sapuanm). Mycmv
Z, & col(Xy,... ,Xa) — ewbopra, nopoocdennas CB X ~ N(mx;o%),
a Mx u dxy — evibopounme cpeduee u ducnepcun. Tozda

1) CB jl}xg {(Mx —mx)\/ﬁ/ax umeem pacnpedesenue N(0;1);

2) CB ,6;(2 ndx Jo% umeem pacnpedeserue x*(n—1);

3) ﬂ}xé (ﬁ'ix—mx)d(n—l)/gx umeem pacnpedesenue S{n—1);

4) CB fix u Ex HEABUCUMY.

JdoxkaszaTenbcrro. 1) JokackeM BAadajge meppoe yTBepXAICHHE.
Ta.K Kalc cymma mopMmaasnunix CB sBaserca wopManeHOR, TO iy =
= ; Z X ssagercs Kopmanpeolt CB. Kpome roro, us ceofictea 1) My

i=1
surrexaer M[X) = my . Hanee, Tak xax CB X;, i =1, n, nesaBHCHMEI 1
OLUHAKORO PAacrpedeleHs, To B CHy cBolcTsa 4)M[X] umeem Dfix] =
= 0% /n. Takem obpasom, (fix — mx}vVrfox ~ N(0;1).

2} HoxasxeMm Teneph BTOpoe yroepxuenue. C »Tolf messio BBezem
HOBble CIy4afiHble BEAHYEHM Y),...,Yq:

v=-Loz,
ox

e Y £ col(Yy,... ,Ya), Z. = col(Xi,...,Xn), C — oproroHannHas
MATDHIA, MOCTPOEHHAA BHINE, T. €. YLOBJICTBOPAIINAN CBoficteaM 1) C—
4) C . Torza nmeem

n n n
Cj C1j _ 1 YL P

=1 J=1

HaitneM momerTh mopeix CB. Yuurssan ceolicrsa 1) fiix u 4)C, mveeM

MYl = L my,

Mm]—M[z % x| = 2% Y a=0, k=Zm.

=1 X j=1

Yunreisas ceofictsa 4) fix m 2) C, monyzaem

DIt = 3. ED[x;)= Y fy=1, k=T"
=1 7% =1
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Hyers k#i, k=2/n, i =2,n. Toraa c yueTom HesaBucHMocTe CB X,
§ =1,n, 7 ux ouuHAKOBO# PACHPENETEHEOCTH AMEEM

”n n
oxkry, = ok MY} =M [Z e Xy Cich] =
i=1 {==1

o icucuM[XﬂM[X;] + i ckjcileX,?] =

# =1

ki3 n n n
=my 3 ks 3 cit —mx 3 erjci; + MIX% Y erjei; =0,
i=i =1 =1 j=1

THK K&K KaxKJasd H3 STUX CYMM DaBHA HYJIO B CUIy cBoficrs 1)C, 4)C.

AHANOTHYHO yCTaHABRHBACTCA, 4TO Ky,v; = Ky, v, = 0 pjd scex 1=
=1,n, k= 1,n. Takum obpazoM, Mbi ycTaroB®mK, uTo sce CB Yy, k =
= 1,1, HeKODPEJMPOBAHE, HO OHM MMEIOT HOPMAJEBHOE pacupeeleHue,
Tax XaK 0GpasoBambl cyMmolt mopMansubix CB Xj, 7 = I n. ITosromy,
CB Y, & = 1, n, nesapucumst. Hpavuem, Y ~ N(0;1), k=2,n.

PaccMoTpliM BBIGOPOUHYI0O OUCHEPCHIO Ex, BBEIEHHYIO COTAACHO
onpepenemno 16.16. Torsa

2
O'x o.szl O.X =1
1 (ﬂ 2 2 ~ 3 i hid 2 LU
= (T X—mil +nik )= > X - Sk =
2 X X 2 T X
Ox je=1 I an=1 7 ox

1) ]
=ZYk2"'Y12=EYk2s
k=1 k=2

rae Yy ~ N(0;1), & = 2, 7. Taxum 05pa3oM, Mut JJOKA3ANH, YTO, COLIACHO

" .
onpenenenuio 17.1, Dx2 ndx /6% ~ x*(n — 1). YunTEBas Teneps, ¥r0

2 n
-y Tx 2 o~ ax
X = z: Yk; my = "’"“s
n S Jn
a Taxike HesaeucuMocts CB Yi,Ys,...,Y,, opuxommM X BhBOZY, 4TO

HesapACUME! Taxxke u CB ffx , My, T.€. BEePHRO MOCACHHE: YTREDKACHEE
TeopeMEL.
3) Hakonerw, mokaxeM TpeThe yreepkaeine. PacemorpuM CB

V.8Y - gmx= ;‘fg(ﬁx-mx),
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KOTOpas mMeeT pacupesenerne N(0; 1), Tak KAX yCTaHOBJIEHO BHIIIe, MTO
M[Yi] = vVrmx/ox, D{Y1] =1, Mffiix] = mx u CB ¥, nmeer nopMans-
Hoe pacmpefeneHne. OaeBnxuo Takxke, 410 CB Y u dyx HesaBHCHMEL
Paccmorpum CB T', mumeiomyio pacnpegenerme Croiogenta S(n — 1),
Cornacto copeaenenmo 17.2, BCnonb3ya NONYYeHHEIE MPEACTABACHUA IS

fix u dx, RaxoguM

— n—1 _ ,/‘ (n—1)o% a
YVYE+‘..+Y2 (fix ~mx) = ndx = Mx

Q
Taxum ofipasoM, Mx~S (n — 1).
IIpumep 19.1. Ilo puibopre Z, 53 HOPMANLHOTC PAacOpeAeNe~
AnA Tpebyercs IOCTPOMTHL NOBCPUTENLMBIH nn'repnan IR HEeH3BECTHO-
ro MO myx npu masecrHoii ,zmcuepcuu crx W3 npmeegeHHoro Bhmme

IID-

YTBepKIeHHA cnenyer, vro CB M x HMEeT HOPMAJLHOE DaCIpengse-
uue N(0;1), koTopoe He 3aBHCHT OT My, B, KPOMe TOro, (pyHKIUR

G(Zn,mx) é}':b:: (fix — mx)/n/ox sBIACTCA HeNpepHIBHOH M YOLI-

L]
Bajomel mo my . OTo 3Ha4ymuT, ure CB Afy smadercda LEHTpalbHONR
craTucTRKol. [Tosromy AoBepUTENELHEIR HHTEPEANT [ HEU3BECTHOIO My
MOXKHO HANTH, €CJIH PA3pPeIUTh OTHOCUTENBHO thy HABoliHOe HEepaBeHCTBO

q g Pxomm
. ox

TAe BeJIHYUHEL g H g nogofpamel TakuM o6pasoM, 4TO 3ITC HEpa-
BEHCTBO BHIIGJHAETCA C BEPOATHOCTBI 1 — . 3aMeTum, UTC JaHHOE
YCIOBKMe HEOAHOSHAYHO OUpEedenseT ¢, gz. DoifepeM noBepETeNbHEBIH
HHTEPBANl MAHAMAJLHON JUIMHLL YMMTHIBAS CHMMETPHIO OTHOCHTEILHO
ocu OY mAOTHOCTH CTAHZAPTHOTO HOPMANBHOrO PacOpefeeHHsA, MOXKHO
TIOKA3aTh, UTO TAKOH HATEPBaJ GyfeT HMeTh MEHRHMANLHYIO JJIHHY, eCiIH
DOJNIOKHTE g1 = ~gz , H OPH HTOM OH OKa3LIBAETCS OEHTPalAbHbIM, TakaM
ofpasoM, NONYYaeM clelyIomui NOBEPATELHEE HHTEPBAT:

a~ o a
mx—%wsmxémx+\/—’%ﬂq,

TAe thy — KBaHTUIbL YPOBHSA 7 21- /2 CTAHAAPTHOrO HODMAJBHOTG
pacnpemenenna N(0;1). B paHHOM caywae JIAEa JOBEPHTEALHOrO
HHTepBaNA paBHa A = 2u.0x/«/n ® He cnyyaima. [losTomy, sagapmuchk
SHaYEHHAAMH JI00LIX ABYX M3 Tpex BenmdnH A, &, 1, MOXKHO ONDEMIETHTH
3HaYeHHEe TheThell BeTHINnEL.

IMpumep 19.2. Ycnomssys yreepaaenue 3) Teopemnl 19.1, mMoxk-
HO NOCTPOHTH BHANOIMYHEIN KNEHTPAJdbHBIE AOBEPHTENLHEIN HHTEPBAT
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ana HemspecTHoro my CB X, mMeomell HOpMansHOe pacHpeneneHme
N(mx;o%), 1 B ciyuae, KOrZia BeHYMAS o HEMIBECTHA:

ﬁx—\}ﬂfd_’f—lt-;(n—l)imx g iy +‘\/n—df—1t'r(ﬂ-1)

rae ty(n — 1) — xBanTas yposua vy 2 1 — af2 pacmpepenetna Crbio-
Jenta S{n—1).

B ormuyme oT mpeaplRymiero NPEMEPS IWRA JOBEPUTENBHOTO WH-
TepBaja caydaitaa M 3asucAT or CB dx . Ho npn n 2 30 uaTepBaim
3 npAMepoE 19.1 u 19.2 mpakTHYecKY COBOAJAIOT, TAK KAK HpH 1 2
2 30 pacnpeznenenue CroiofenTta GIM3IKO K CTAHIAPTHOMY HOPMAJLHOMY

PACIPeieNeH IO,

IIpamep 19.3. I.Ie}n‘panbnmﬁ JAOBEPUTENLHEI UHTEPBAN A5l HEW3-
BecTHOrO napamerpa oy CB X ~ N{(mx;c%) npu nemssectoomM myx
MOKHO NOIYIHTE, HCOOIE3YS yrsepiienue 2) Teopemut 19,1,

n - 2
e dv < 0D
zy(n-1) dx<ox < 31—1(” - 1) dx’

TAE Ty{n—1) ¥ z;3_,(n — 1) — xBa#THIN ypOBHed 7y 21~ af2 ul-—
— 4 = @f?2 ana pacupefeNreHus XH-KBanpaT ¢ n— 1 creneHnio cpobombL

IIpumep 19.4. IocTpomM JOBEPHTENLHEIL HHTEPBAJ AAA HEH3BECT-
HOTO napamerpa b pasmomeproro pacupeaenerus R(0;b). Moxuo noxa-
3ars, o CB G(Z,,b) & (X™/b)" umeer pacnpenenenue R(0;1) sas
moboro b > 0. Kpome Toro, dynkuma G{z,,b) — ybumalomas wo b.
Cnegosatensto, G(Z,,b) asasercn uerTpamshof#t craTctaxol. Torma
NoAyYaeM YCAOBHE

m)\"
P{Ql@(%ﬂ) égz}=1—a

ANA HEKOTODHIX YHCEI ¢, 2. Paspemas ABoHHOE HEPABEHCTEC B
ITOM BEPOATHOCTHOM YCIOBHM OTHOCHTENbHO b, nomyvaem claemyrompit
JOBEPHTeNbHLIH RHTCPRA: ’

Xn) Xxin}
i = b n"
9z G

OTmerdaM, IT0 3TOT HETEpPBAN GyJeT MMETh HAHMEHBOIYIO ANNHY, ©CHH
g2 =1, a g ARIgeTCS KBaHTHILIO YPoBHs o pacmpefesesusa R(0;1),
Te 1=
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19.3. Ucnomssosanne TowewHofi onenxm. Iiycrs T 2 8(z,) —
TOYeYHas ONEHKs HEH3BECTHOrO tapamerpa & ¢ Qymkome#t pacmipeneire-

s Fr(t,8}, koropag MoHoronHa 1o 8. Fycts ¢, 2 é‘(z,,.) — pead3anua
oneuka T 2 Ea‘(z,,). IIycte 01(2,) u 62(z,) — TaxHe ABa unCIA, YTO

61(z.) 2 max {9 : FBp(t,,0) = %} ,
A
92(27;)=mn{9:FT(tﬂ—O,8)=1_%},
ecnu Fr(t,§) — sospacralomas no 6, n
91(z“)§ma.x{9:FT(t,,--0,9):1_%},

Ba(z,) & mjn{e : Pr(tn,6) = g}

ecmu Fr(t,0) — y6eBalomas no 6.

Hurepsan [61(Z,),02(Z,)] co cayyaliHbIME KOHIAMH, ONPEAEiCHHBI-
MH BbIlE, ABAACYCA LEHTPaNLHbLIM JOBEPUTEILHLIM HHTEPBAJIOM, <HAa-
KPBBRIOMUM» C BEPOSTHOCTRIO 1 — ¢ HemapecTHmM mapamerp 6.

Bo MAOrEX ciy4yanax Tako#f AOBEPHTENIBHEIN MHTEDBAJ COBIANAET C
HHTEPBAJNIOM, TOCTPOCHIBHIM Ha OCHOBE LERTPANbLHOM cTatneThky. Hanpu-
Mep, #roT (PAKT HMEET MeCTO B CIyuae HODMANLHOrO pacnpefclieHHs.
JellcTBUTENBHE, B YACTHOCTH, NPH HEH3BECTHOM Mx H HIBECTHOM OX

B KaveCTBe TOYedHoN OUECHKHM My MOXKHO NpuAaaTh T = x , KoTopas
mmeer pacnpemenerme N(myx;o% /n). Ouesuano, uro pacmpegenenue
Fr(t,myx) aensercs B ZaHnoM ciydae yOmmBaiomed no my ¢GyHKup-
eit. TlosToMy, eCH CTPOUTL LEHTPANBHBN AOBEPHTENBHEIN HETEPBAN C
IOMOHIbIO PACIpENeNeHns TOI€YHO! OUEHKH, TO OH COBHAAET C HOBEPH-
TeNLHbIM HETEPBANOM MMHMUMAALHCH JJTAHEL, HallJeHHEIM B mprmepe 19.1
npeasigymmere o. 19.2. Ho B paae cny4yaes BOOOINE He YAASTCA NOCTPOHTDL
JOBEPHTENLHBI HETEPBANl HA' OCHOBE UEHTPANBHON CTATHCTHKN, TOTIA
KaK JOBEPHTENBHLI HHTEPBAN, OCHOBAHHBIN Ha pacipeeleHAH TOYeYHOM
OIeHKH, CyTHeCTBYeT. PaccMOTDHM HecKONBKO Takux npEMepor. OrmeTiM
TaKxke, 4To B npHMepe 19.4 w3 npempyryniero n. 19.2 mabmogaerca apo-
THBOIOIOKHAS CATYANHS. _

IIpamep 19.5. IIycte CB X mmeer pacnpefenenne Bepuymmm
Bi(l;p) ¢ wmemssecTHhIM mapamerpoM p M Z, = col(Xj,...,Xn)} -
cooTBercTByIOman BHbopka. MIl-cnerxoft aug p spusieTca BaGOpovHOE
cpesHee

o~ 1 &
0(Za) = = 3 Xu.
i=1
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CBTS 5(2,,) MOXET IpPAAUMATDH 3HaveHEa 0,1/m,2/n,...,n/n, a ee
¢GbyERIUS pacnpeleneHus HMeeT BRI

Fr (L) = S

Hedbepenuupya no p dbyuxkuuo Fr(kfn,p), moxpo ybenurscs, a10
ee NPOW3BOAHaf OTpHUATensHa, T.e. Fp(kfn,p) gBnserca MomOTOHHO
yOuBawmeit no p opu &k < n. [losToMy MoxKHO NMPHUMEHHTL ONHACAHEYIO
BHINI® METONAKY JJIA MOCTPOCHHUA NOBEPHTENHLHOIC HHTEPBANA JisS .
Takum o06pa3oM, IPAHHIL UIEHTPANLHOPG [OBEPHTENLHON0 WHTEPBAIA

61(zn), 02(2n)} HaxonATCA W3 pelmeHHA CHEAYIOWIAX yPaBHEHHIH:

k—1 LI i
I—FT (T,G;) = Z:C,’,Oi(l—ﬂl)" =g—,
i=k

ko .
Fr (g,ez) =Y Cigi(1- )" =2,

i=0

OTmeTnM, UTO NPH NOCTPOCHHN GAHOCTOPOHHErO AOBEPHTEILAONG HHTED-
BaJIa ANA P MOXKHO NONOKNTDL, Haupmmep, f2 = 1, n Toraa moayuaem
cAeayiciliee YpasHeHHe JIA onpeaeicHua ¢ :

k-1 — i i gt _ n—g __
1- FT (T,Bl) —EC‘,',GI(I 91) = ¥,

Npumep 19.6. Ilycrs CB X mmeer pacnpenenenue Ilyaccona IT{a)
¢ HeM3BeCTHHIM mapamerpoM «. MII-ouenkofi mapamerpa a sapisercs
BHOOPOTHOE CpejHee

—~ 12
0(Z:) == 3. Xa.

i=1

Onenxa T & a(Z,.) NpUNEMaeT 3HaYeRua kfn mpu k=0,1,2,...,n,a
ee QYHKOEA pacnpeieieHusa EMeeT BHJ

Fr (-E, a) = i e‘““%t.

=0

ITpoussomnan AaHHOi (YHKINA OKASHIBASTCA OTPUIATENLHON, CNe0Ba-
reneno, byuxiua Fp(k/n,a) aeiserca momoronuo ybupawome#t no o.
IloaTOMY BOCNONL3YEMCH ONFCAHHEIM BBHIIE CHoco0OM NMOCTPOSHHA LEH-
TPAJILHOTO IOBEPHTEIBHOTO MHTEPBaNa [0 (2n), 02(2,)] - B fanmom ciyvae
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ana onpefenenus 6 m @ momyuaeM clefyONmMe YPABHEHM:

. — oo i
1-Fp (—-—-kﬂ ],91) = 28‘“9‘——(’;?;) = %’

k i
k _ —ngs (RB2) _«
Fr(pta) = ek = 5.
=0
IIpasas rpaHuma OAHOCTOPOHHEO AOBEPHTENLEONO HETEPBAJIA HAXOMMTCS
H3 YPaBHCHHA

k LA i
F‘r(;,@z) =>"e s’@—f!a)—— =a

=0

19.4. Tunoerste aagaun.

3agaua 19.1. Henonk3aya masmeie THNOROHK 3a0a4M 16.1, MocTpORTE
IEHTPANBHEL] AOBEPATENBHEN RHTEPBAT YpOoBHA aosepus 0,95 nas Hema-
BECTHOTO MATeMATHYECKOr0 OXKKIAHUSA CpefHell TeMIepATYpHl sSHBapA B
r. Capatose (CB X ). Byaem mpeanonaraTte, wro CB X nmeer rayccoe-
CKOe pacnpeieneHHe.

Pemenne. CormaciHo npmmepy 19.2 nerTpansasili JoBEpHTERLHLIH
MHTepBaJl JJA HeM3BeCTHOTD MATEMATHUYECKOTO OXKH/JAHAS My YPOBHH
nosepea 0,95 mMeeT BHI

. [ dx o /4
hx — ;—fi togors(n — 1} Smx S fix + ﬁ to,975(n — 1),

rze obneM Boifopkr n =13, My = —11,87, dx = 22,14 (peayawTat pe-
wenns 3aga38 16.1), a kpawTHaL pacnpegenerusa CToIoNeHTa to,975(12) =
= 2,18 maxoaurca no Tabiune.

Cuenas necEXonAMBIE BMYHECIEHAR, TONYYaeM AOBEPETENAbLELI KHTEp-
BaX jis mx 1 [—14,43,-8,9].

OrserT [—14,43,-8,9].

Sanayva 19.2. Hcnonb3ysa jganHble TaAmopoit sagawu 16.1, mocrpo-
HThR NEHTpANLHELIE ODoseprTenpAnit mATepBaN yposmsd Aoesepus 0,95 nas
HewsBecTHON Aucnepcmu cpeaHelf TeMmnepaTyphl auHBaps B . Capatoee
{CB X). Bynem npesnonarats, 370 CB X mMeeT rayccosckoe pacnpe-
AeneHune.

Pemenue. Cornacio mpumepy 19.3 menTpaibHbll moBepETeXbHBIHR
HHTEPBAN JJIA HeHIBECTHOR AHUCIEpCHH a} yposus noeepua 0,95 mmeer
BHI

n - n -
—_—  dy ot ——— ——d
Zogra(n—1) X Tx S Zoom(n—1) X’
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rae obbem Brifiopxu n = 13, Ex = 22,14 (pesyJbTAT DelIeHHA 3aAa-
qm 16.1), a zo,075(12) = 23,3, %0,025(12) = 4,4 — KBaHTAIM pacupezee-
mua x2(12), koToprle HaXQAZTCA N0 TAbAMIE.

Taxms 06pasoM, MOMyuaeM DOBCPHTENbHBI#l HETEpBAT QA O3 °
(11,4, 60,38].

Orser. [11,4, 60,38].

§ 20. [IpoBepKa CTATHCTHYECKUX THIIOTES

20.1. Ocuonﬂiﬂe IOHSATHA.

Onpenenenne 20.1. Cmemucmusecxott eunomesott H unn npo-
cro zunomesotl HaskBaeTca M0b0e IPeIIINIo’KEeHAe OTHOCHTENBLHO IIapa-
MeTpOR WY 3aKkoHa pacupenenesus CB X , mpopepsiemoe no Beibopke Z,, .

Onpegeaenue 20.2. Ilposepsiemas THIOTE2a HASLIBASTCA OCHOG-
noti (mmm nyaeeod) m ofosmauaerca Hy. Tumoresa, KOHKypHpYOmas
¢ Hy, HazuBaeTCa aavmepramucHoti H obo3HauacTca Hy.

OQupenenenne 20.3. CrarucTuveckan ranoresa H, nasmpaerca
npocmotl, eCNIH OHa OJHO3HAYHO ONpefenAeT NMapaMeTp KN paclpefene-
mie CB X. B mporusHom cnyuae runmoresa Hy HasbipaeTca caooicHodl

Hpumep 20.1. Ilosubopxe Z, Tpebyerca nposepers rimoreay Hy
0 TOM, YTO My = My, [Ge My — HEKoTOpoe (BHUKCHPOBAHHOE YHCIO,
npoTtes ruaoressl Hy o rom, ure mx # mo . Yom nposepurs renoresy Hy
npoTeB runoresst Ha o ToM, 4T0 my > myg.

OnEa ¥3 OCHOBHKEIX 33834 MATEeMATHIECKON CTATHCTHKH COCTOHT B
IPOBEPKe COOTBETCTBHA PE3YALTATOB 3KCIEPHMEHTS MPEANONAracMol -
notese Hg. C aroft menslo BHIGHpAeTCs HEKOTOPAS CTATHCTHEKA Z =
= ¢(Z,), Ans KoTOpOlt NpeRNOTaracTCa H3BECTHLIM YCIOBHOE pachpeje-
neuue F(z|Hy) ormocwrensuo mposepsemot runoresst Hp. C momompio
3TOH CTATHCTHKM CTPOHTCRE HMpoUeAypa (HPABHIIO) MPOBEPKU TUIIOTE3H.

Onpesenenne 20.4. Cmamucmuseckum npumepuem (xpumepu-
EM COZAGCUR, KPUMEPUEM SHANUMOCTIU KU PEIUAIOUUM NLPAGUIOM) TIPO-
BepPKH THNOTe3n H HA3EIBACTCHA NPABUIIO, B COOTBETCTBHH C KOTODLIM 1O
PeANM3alHE Z = ¢{zp) crarucTuxn Z rumoresa H, npuHMMaeTcs mmm
OTBEPIaeTCA.

Oupeaenenue 20.5. Kpumusecxodi o6aacmoro G crardcTHaecko-
0 KPHTEPDHA HASHIBAETCA OOJACTL peaiH3auuil 2 CTATHCTHKE Z, npH
ROTOpRIx THOoTe3a Hy orpepraercs.

Onpenenenne 20.6. Joeepumeavrotl obagemmo G cTaTHCTHYe-

CKOI0 KPMTEDHS HA3BIBACTCA OONACThL 3HaueHul Z CTATHCTHEH Z, UPH
KOTOpHX ragoresa Hp mpunumaercd.
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Hanpumep, B Ka4eCTBE CTATHCTHIECKOrO KPATEPHA MOXKHO HCHOALIO0~
BaTh APABRIO:

1) ecnm 3Havenme z = @(z,) cTaTHCTRKM Z = @(Z,) aexmr B
KpuTHuecKolt obmactu G, To runoreza Hy oTBepraercs ¥ NpHHEAMAETCA
AJNLTePHATHBEAS rHnoresa H;

2) ecom peaynzaups z = p(2,) craTHeTHRE Z = p(Z,;} Aexur B
Jopeputensrofl obaactn G, To rimoresa Hy npHEAMaercs.

IIpu peanuzaiu sTOr0 NpaBUNa BOIHUKAIOT OIMOKH ZBYX BHJOB.

Onpegenenue 20.7. Quubwoti I-20 pode uaspiBaeTca cobwiTne,
COCTOSINEE B TOM, YTO MHIIOTe3s Hg OTBepracTcs, KOrZa OHA BEpHA.

Onpegenenne 20.8. Ouwubrofl 2-zo pode Ha3HBacTCA cobLITHE,
coCTOAMEE B TOM, YTO NPUIAMAETCA THAoTe3s Hy, Korga BepHa THIO-
Tesa H;.

Onpegenenne 20.9. Vpoenesm 3Hauwumocmu CTATHCTHYECKOTO

KpUTepHsA HA3LIBAETCH BepOATHOCTH ommbku l-ro poma o 2 P{Z €

€ G|H,} . BeposThocTh omubku 1-ro posa @ MOkeT GLITH BLIYHCTCHA,
eClIR U3BeCTHO pacnpepencune F{z|Hp).

BepoaTHocTh omubKE 2-ro pofs paeHa 8 2 P{Z € G|H,} n moxer
GBCTH BEIYACIEHS, €CAM M3BECTHO YCIOBHOC Dacnpesenenne F(z{Hi)
CTATHCTHKH Z NPH CUpaBeZIMBOCTH rHnoTessl H .

flcwo, 9TG C yMeHbIIEHHEeM BEPOATHOCTH & OWHOKH 1-10 poda BO3pa-
cTaeT pepoaTHocTs  ommbkx 2-ro poma, u HaobopoT, T.e. HpH BLtGODE
KPHTHYeCKON M HoBepHTenbHOi obnacTell JOPKEH DOCTHTATHCH Oupefe-
neaHu xomamrpomace. [loaromy vacro npa GUKCHPOBAHHON BEePOSTHOCTH
omubKky 1-ro pofa KpATHYecKad oONacTh BHIOHpPacTCA TakEM 00pa3oM,
9706bl BEPOATHOCTL OWEOKE 2-ro pofAs GEUIA MHHEMAALHA,

[Ipopepka CTATHCTAYECKOH FANOTE3LI MOXKET Oprrb DoApa3neneHa Ha
CNEAYIOMYe STANEL

1) cdhopmynuposaTs HpoBepsieMyio runotesy Hy M anbTepHATHBHYIO
K Helt runotesy H,;

2) sr6paTs ypoBeHE IHAYHMOCTH O}

3) BLIOpaTh CTATHCTHKY Z mjist Mpopepku runoreant Hyp;

4) naitta pacnpegenenne F(z|Hp) crarmcruxu Z UpH yCIoBHH, YTO
runoTesa Hy BepHa;

5) MOCTPOMTH, B 3aBHCHMOCTH OT (DOPMYJIHMPOBKH rumoresm [Hi,
KPETHYecKy® obnacts G ;

6) MOAYYATS: BLIGOPKY Habmogemdl#t zi,...,%y H BEYHCAKTL Bbibo-
pouHoe 3HavYeHMe z = p(T1,... ,Tp) CTATUCTHKN Z XpuTepHus,;

7} UPHHATE CTATHCTHYECKOE DelleHHe HA YposHe aopepmsi 1 — o
ectt z € G, TO OTKNOHATL rumoTesy Ho KAK He CODNACYIOMIYIOCS ©
pesyneTaTaMn Habmonerntt, a ecmm z € G, TO npHEATH rHIOTesy Hp
KAK He NMPOTHBOPEYAIYIO PeayasTaraM Habmoienutt.
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20.2. IIpoeepka runoTessl O 3HAMeHNN napaMeTrpa. [Iycrb nme-
€TCS MAPAMETPRYECKAS CTATACTAYECKAS Moens (Sg, Fg, (2,,0)), 0 €0 C
CR!, T.e. BLGOpKa Z, €OOTBEICTBYeT pacnpeeneHuo F(z,0) c Hens-
BecTHEBIM napaverpoM §. [Ipoeepum npocryio runotesy Hp, cocToamyio
B ToM, uTo 8§ = 8y, rae B — HexoTopoe GMKCHPOBAHHOE HHCIO K3
MHOMXKECTBa © .

DopMyTHPOBKa aNpTepHaTHEHON runoresti Hi M ypoBeHb 3HaYPMO-
CTH @ ONpPeeAsioT pasMep H TONMKeHHEe KpHTHuecKolt obmacte G Ha
MHOJKecTBe 3Hagemuili crarMcTyKM Z . Hanpamep, ecan anprepHaTHEHAS
ranoresa H; dopmympyercst kak 6 > 8 (mu ¢ < 6 ), To KpUTHYECKaA
06aCcTh pasMEIIAETCS Fa UPaBOM {HJI JISBOM) <XBOCTE» DPaclpelelendd
CTATACTHKY Z , T.C.

G={2>z2-a} (mm G={z<z)}),

Ihe Zj_o ¥ Zq — KBAaHTHIH YpoBHEH 1 — a ® (r, COOTBETCIBEHHC, Pacpe-
senemna F(zjHg) cTarrcTnxu Z 1pH YCIOBHH, YTO BepHa rumoresa Hy.
B sToM ciyuae cTATMCTHUECKAN KDUTEPHI HASLIBAETCH O0HOCTIODONHUM.
Ecnn amsTepuaTnenan runoresa Hy dbopMmyanpyerca kak 8 #£ 6y, To Kpu-

THuecKan obnacTn, G pasmemaeTes Ha OD0MX «XBOCTAX» DacIpene/icHusN
CTATHCTHKE Z , T. €. ONPEJICNSeTCS COBOKYIMHOUTBIO HEDABCHCTE

G={z<zap2}J{2> 21-0f2},

TAE Zaj2 M Z1—o/2 — KBAHTHIM ypomHeh af/2 u 1—a/2, cootBeTcTBeRHO,
pacnpenenenus F(z|Ho). B 9ToM ciryyiae xpureprit Ha3biBaeTcs deycmo-
PONHILM.

TaGauna 20.1

P
o e A R
Aenue KpuTepHA F(z|Ho) runoresst Ho
o% (Fx —mo)y/n N(0; 1) [—tty, 2]

H3IBECTHS ox

ok | Bxomol/a-l g 1) | j—ts(n—1)its(n - 1]

HEeM3IBECTHA / dy

IIpumep 20.2. IlycTs maBecTHo, 4T0 CB X mMeeT HopMansHOe pac-
npegencHpe. TpeGyered, ACIONL3YA PEAIH3AOAIO BEIGODKH 2, , TPOBEPHTL
ranoresy Hy, cOCTOAIy®0 B TOM, 9TO My = Mg {Mg — HEKOTOpOe
(UKCHPOBaHHOE YHCIO), MPOTHE BJILTEPHATHBHOH rumoTesel H; o ToM,
uTo mx # mp. Bo3MOXKHN gBa CTydas: JUCNepCHE 0% MSBECTHA WIN
HemspecTHa. CTAaTHCTRKY Z g 0GOHX CIyIaes MOXKHO BHOpaTh, HCIONb-
3yq yreepRuenne n3 m. 19.2. [IpeacTasnm aTa cny4au B suze Taba. 20.1.
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Jna KaOKAOro cnyuss B COOTBETCTBHM € YTBEPXKACHHSMH 1)
3) Teopemn! 19.1 momyuaeM CEBOIO AOBEPHTENBHYX OOMACTh, I .,
ty(n — 1) - xBaHTHIH yPOBHS 7 27 af2 pacnpegencunt N(0;1) u
S (n — 1} cooTsercTBeHEO.

IIpumep 20.3. Ilycrs CB X mopMmannHo pacopefenena, a ee Quc-
nepcHA HewsBecTHa. TpelyeTca HA OCHOBE PeaIM3AUMH 2, BHIGOpKM Z,,
nopoxgenno#t CB X, nposepmts rumoresy Hy o Tom, uto 0% = o}
{00 — HexoTOpoe HUKCHPOBAHHOE WUCNO), HPOTHB MILTEPHATHBHONK I'H-
notessr Hy, cocrosimeit B ToM, uT0 0% # 03. Bosmoxmb JBa cayuas:
My — H3BECTHO HIH My — Hem3pecTHo. [IpefAcTaBHM 3TH CIyvau B BHIE

caexylomed TabmuuLL:

Tabauna 20.2
Pacnpe- JoBepuTensnas
Tpeanono- | Crarucraxa Z P!
JeJicHHe obnacts G
HerHe KpMTepus F2{Ho) o i,
m ¥ (X — mx)? ,
wmecmno | Sy | ¥’ fe1-y(n), 2+(n)
nd:
Heu;:gc'mo azx Xz(" —1) | [#1—+(n—1),24{(n = 1))
L]

3neck y(k), x1.4(k) — KpanTEHAR YpPOBHS ¥ B1-a/2mr1—17
pacupesenernn x2(k) ¢ k cremensmu coboapt, rae k=n, n—1,
3amevanue 20.1. Ha mpakmuke oBnruno aanator « € [0,01, 0,05].

20.3. IIpoBepka runoTe3pl O BHAE 3aKOHA pacupegeseHUs.
ITycts WMeeTca peammsauns 2z, BeiGopkd Z,, nopoxpensoli CB X
¢ HemssecTHON dbymxmueli pacnpenenenun F(x). Tpebyerca mpoBepUThH
runoteay Hp, cocrommyio B rom, uro CB X umeer ompenenemsbiif
3aKOH pacnpeseneHna F(x,f) (Hanpumep, HOpMaJbEBI, PABHOMEPHEI K
T. A.). Merununit saxon pacnpepenenns F(z) nemspecrer. [lna nposepku
Tako¥ I'UIOTE3bl MOYKHO HCTIONB30BATE cmamucmurieckull xpumepud ru-
xeadpam (xpumepuii ITupcona). IIpaBHIO NPOBEPKE 33KMIOYaeTCd B
CheyromeN.

1} @opmyaupyerca ranoreda Hp, cocroamasn B Tom, uTo CB X maeer
pacIpeeeHEe ONpeaeeHHoOTo Biaa F(z,8y,. .. ,0,) ¢ s HemsBecTHBIMK
napamerpami 6y, ... ,6, (RaupEMep, M K 02 K17 HOPMAIBHOTO PACHPE-
Jenennsd, ¢ U b - AN PABHOMEPHOTO M T. [I.).
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2) Ilo peanmsanmpm 2z, Buﬁoplm Zn METONOM MABXCHMAALHOrO
NPaBRONOgoOHS HAXOZATCH OHEHKH 81, 6' HEH3BECTHHIX NAapaMeTPOB
81’. 93

3) Heitcreurensnan ock IR} pasbnpaercs na | + 1 menepecexaompiica
nosyurrepean (paspan) Ag,...,JA; Tak, KaK 3TC GAelaHC B NMpH 0O-
CTPOEHHH THCTOTpamMMEl B 4. 16.4. IlogcuuThiBaeTca 9HCIO ny IEMeH-
TOB BHIOODKH, MONAaBIIHX B Kaxcawfi k—i# paspag Ap, k=1,1—1, 3a
ackAwgeHnem Ag u Ay . Homaraerca ng = = 0.

4) BrivucasroTcs rHIoTeTHYECKHe BEPOATHOCTH Py nonajanns CB X
B HonyunTepBamm Ag, k =0,1. Ecnn y pacnpenenenus F(z,6,,...,60,)
umeercas miorHocts [f(z,81,...,8,), TO BEpOATHOCTH Py MoOIyT BRITH
BLIYHCIICHE CNEAYIoWHM obpasom:

apil
br= I ?(«"3:51;--- ;as) dz,

o

FAE G = —00, 44y = 100, HAH npubanxento no ¢opmyne

E_-f- (Efualv- . ,@;) (ak+1 - C!k), k= IJ -1,

- A
Tae Tp = (Qr41 + ox)/2 — cepempna paspama Ag.

5) Buiamcnaercs PeajTH3AlYS CTATHCTHKHM KPUTEPHA XM-KBAAPAT TIO
dopMyne

z_w(zﬂ)__npu.l.z(me—npk)

+ np;.
k= NP

6) HapecTHO, w10 UPH cobMONeHAN HEKOTOPHIX €CTECTBEHHEIX YCIIOBH
PEryaspHOCTH H AQCTATOUHO GonbioM obbeme n suGopkE Z, pachipe-
nenenme F(z|Hp) cratncruxy Z = @{Z,) Xopolo aumpoKcUMHpyerTcs
pacnpenenesnenm x>(I —s) ¢ ! —s crenemsime cBobojE, TAE 8 — Koauge-
CTBO HeM3BECTHEMIX NAPAMETPOB NPENIONATACMOr0 JAKOHA PaclpeSeeHIs
F(z,0y,...,8,),a I +1 — xonadecTBo pa3psA0E, BEPOATHOCTh MONANA-
HHSL B KOTOpBblie HeHyJeBas. Toraa KpaTuueckas OGNAcTb G [IPUHAMAST
Bug: G = (z1-o(l — 8), +00), £ae T1_o{l - 8) — KkpanTUNL ypoBua 1 — @
pacnpenenesas x>(I — 3), & — 3afaHELI# YPOBEHL 3HAMAMOCTH (0BLIYHO
a=10,05).

7) B cooTBercTBHH ¢ KDWHTEpMEM Xu-XBaapaT runoresa Hy upupm-
maercs (T.e. peanmsaua BHIGOPKYU 2z, coracyercs ¢ runoresot Hy) ua
ypoBHE HATEKHOCTH 1 — ¢, ecilt @(2n) € G = [0, 21-o{l — 5)]. Ecan xe
@(zn) € G, To rAnoresa Hy oTBepraeTcs.
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Samevanne 20,2, Ecm npmr pasbueHnd Ha NOAYHHTepBank Ay
OKA3AJIOChk, ITO NP < 5 ana k= 1,1 — 1, To pexoMengyercit 06beAMENTD
COCEOHAE MOJNYHHTCPBAJIEL.

Ecnu mpu ofpaborke Habmogeruii HMeeTcA TONBKO DeaH3anys cTa-
THCTHYECKOrO PSfa, TO BHYHCAAA BHOOpOYHLIE MOMEHTH, CYUTAIOT BCE
BHIGOPOYHBEIE SHAMEHMs, ICHABIIKE B k- HETepBaN, DABHLIMU CepeArHe
POT0 HHTEDBAJA. JTO BHOCUT HIBECTHYIO omHDKY, 0co0eHHO 3aMETHYIO
Ipu MAlOM uucie wHTepBaJoB. Jnz yMenbmenwms ommuOOK, BHOCHMBIX
rpynnupoBKoll, mpuMensior nonpasxu Hlennapds. Ecin Bce unrepnannb
Ay EMeOT AyUHY, PaBRYI0 i, To ¢ y4eTom nonpapox Ilennapna mepente
4eTHpe BHGOPOUHLIX MOMERTA D}, i = 1,4, COOTBETCTEEHHO PABHEL:

- -~ 1
i?'l=v1, ﬁ;=V2—T2-h
=Dy — = D1k P, =V — - Pah® + — At
aE g 1=V g Y an

20.4. ITpopepka rnno'reau 0 He3aBUCHMOCTH ABYX CB. Ilycte

HMeeTCA cAy4alHbIi BEKTOp va col(X,Y} ¢ dpyrxument pacnpegeserna
Fy(z,y). Komnonenramu V spasmorcss CB X u Y ¢ byukumsvum pac-
apcaenenuss Fx(x)} u Fy(y) coorserctbenno. ITycTh MmeeTcs BHIGOpKa

Zm A col(Wy,...,Va), cae Vi = col(Xy, ¥i). 3neck Bribopka X1,...,X,
cooTBeTcTByeT pacnpemenennmio Fx(z) CB X, a subopxa Yi,...,Yn
cooTBercTBYeT pacnpegeneHuo Fy(y) CB Y. Tpebyerca mpoeputb
rumoresy Hy o sesasucumocrn CB X m YV, e uyro Fy(zr,y) =
= Fx(z)Fy(y) nnaecex £ € R, y € R!. Jins npobepku 3ok rumoress:
KCIONb3YeM KpHTepH# XHW-KBaApaT, NpOLeNypa NPHMEHEHHSI KOTOPOro
COCTOHT B CHEAYIOIIUX AeHCTBUAX.

1) MHuokecTeo 3navennlt CB X pasCEnaeTcs Ha 3 HeEPECCKAIOUIUXCS
uHTepBaNOB (pa3panos) Ay,... , Ay, , 8 MHOXKecTBO 3HaUeHRE CB ¥ —
Ha 7 HEMEepeceKaloIHXCT ARTePBaNoB Ay 1,... , Ay,

2) HOna xaxzgoro i = 1, 3 = xaxgoro i =T1,7 BRMEUCAAETCH YHCIO i
IJEMEHTOB BLIGODKH 2y, , IPHHAIIICKAIMX IPAMOYTOIBEUKY Ay X Ay, 5.

3) Buiuncnsercs cyMMapHOE HYHCJIO fip: IEMEHTOB BHIOGODKH zp
nepsas KOMIIOHEHTa KOTOpOH Iomana B i-# pa3psy A,,,- A CB X,
M aHAJOTHYHO — YHCAO Ny ; NIEMEeHTOB Tolt ke BHSODKM 2z, , BTOpas
KOMEIOHEHT2 KoTopol nomana B j-# paspag A, ; ms CB Y:

Znus nyj—zmj! n= Zznﬁ'

JBI =1 j—l

4) Briuucngercs 2HaY€HHe CTATHCTUKH KDUTEDHS XW-KEaApar IO
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¢opmyne

22 (z.,)—n(ZZ n,::w )

i=1j=1

5) IIpu cnpaBesanBOCTH THNOTE3b Hp M AOCTATOYHO Gonbmom 7

pacupeneneEwe craTucTHKE 2 2 @{Z,) xopoumo ANMPOKCHMEDYETCS
pacupeleleHneM XA-KBafipaT ¢ m = (8 — 1){r ~ 1) cTemeramu cpobompl.
IlosroMy KpETHYecKad oBIBCTh HMEeT BHA,

G = (z1_a(m), +0),

rae T1—o(m) — xpawTEAL ypoBEs 1 — ¢ pacnpesenermst x2(m).

6) IIpuruMaeTCH CTATHCTHIECKOE PEIISHAe Ha YPOBHEE I0BepHaA 1 —
OTKJOHATE Tumotesy Hp, ecmn ¢(z,) € G, u npunars ramoresy Hy —
B MIPOTHBHOM CIIY1ae.

20.5. IIposepka rumoressl 00 ogHopomHocTH HabmwozeHnii.
PaccMOTpHM BCMOMOTaTeNBHYIO 3a8ady. IlycTh HMEeTCH ONBIT ¢ T BO3-
MOMKHBIMH MCXOfaMH Ay, ..., A, , HMEOIUMH BEPOSTHOCTH Pj = P(4;),
j = I,r. OcymecTsaserca s-KpaTHOoe NMOBTOPeHMe cepuit M3 ng, i =
= 1,8, HE3ARWCUMBIX NOBPTOPEHHN ONMLITA. B JaHHOM ciywae BHIGOPKY
2, 0BpazyloT HabMIOAABIINECA HCXOOB! B STHX CEPHAX, TAe 1 =191 + ...

..+ n, — obmee ymeno omerroe. Tpebyercs nposepuTh ruioresy Hp o
TOM, YTO BO BCEX 3THX CepHAX Hab/ofatach OJHA H Ta JKe COBOKYNHOCTH
BepoATHOCTER Py, = T,'?. Jnst perrenust 9Toi 330a4H BHOBb IDHMEHMM
kputepult xu-xpaapat [locreaoBarenbEOCTL NPOBEPKM STOTO KpATEpHA
COCTOHT B CNeNyIOmEeM.

1) B xaxpgolt i-#t cepum, i = 1,5, MOACHUMTHIBAIOTCA WHCRA Nji
nosBaenutt coburnt A;, j=1,7.

2) MogcunTsBaeTen cymmaproe Sncao N; noasrennit cobuitua A;,
§=T1,7, BO BCEX CePUAX, & TAKIKE YMCHa 75, = 1,8, H n:

Nj= :“Ju_ “=—Z"’Ju ""Eznﬁ

=1 i=lj=1

3) Briuncaserca 3@adenne z CTATUCTHRKH KPUTEPUS XH-KBAAPAT HO
dopumyse:

+& gl =n( T3 1),

ixl j=1
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4) HssectHO, YTC NpH OGONBIMX 7 PpACHPefENeHHE CTATHUCTHKM

z & ©(Z,) xopomo annpoxcuMmMpyeTcs pacUpeleNeHHEM XH-KBaJpaT
x¥(m) ¢ m = (s — I}(r ~ 1) cremensmm ceoGonu. PopMEpyercs
KpETHYecKan obnacth G = (z1_q(m), 400}, 0ie 21_o{m) — xBagTHIL
yposus 1~ a pacnpeaenemus x2(m).

5) IlpnanMaeTcR CTATACTHIECKOE Pellenye: OTKAOHNTD ranoresy Hy,
ecitn w(z,) € G n npuraTL runcresy Hy, ecnm ¢(z,) € G.

MMpumep 20.4. B wacTHoM ciyuae, Opu r = 2, T.€. KOIZia OUBIT
HMeer aBa ucxofa Ay = A mw Ay = A, ans xotopeix p = P{4), ¢ =
= P(A), onncannasa npoueaypa OpoBepsaeT IUNOTEIY O TOM, UTO BO BCEX
cepuax nabnoaenult BEpOATHOCTE P OCTAETCE HEHIMEHHOH.

Mpamep 205. Omncannas nponelypa MOMKeT OLITL IpPHMEHEHA
H BO MHOTEX JNPYTHX chydasx. Hampumep, mycTh mmeeTcs BHOGopxa
Xi,..., Xy, coorBercysyloman Gbyukuad pacnpenenenua Fy(z) CB X
M, KPOME TOrc, HMeeTca euibopra Yi,...,Y,, coorBercreyomasa ¢yrk-
uun pacnpegenenus Fy(y) CB Y. Tpebyerca npoeeputs runoreay Hy
o6 obnopodrocmu ewbopox Xi,..., X, B V1,...,Y,, re uyro Fy(t) =
= Fx(t) ms scex ¢ € R, Jljna TOro wTo6h MPEMERNTS NPHBEIEHHYIO Bh-
IDe ApOoLEAYPY, AOCTATOYHO NPEBAPHTENLHO HCIONL30BATE METOZ, I'PYII-
NADOBKM JaHHEIX, PA3NEIAA MHOXKECTBA BOIMOXKHHX 3Havemult CB X
u Y Ha ONHH A Te Xe PASPAAR, IONAIAHRNSA B KOTODhiE HHTEPIPETEPYETCA
kaK cobmrua A;, j = 1,7. B jgaunoM ciydae s = 2, M CTATHCTHKA
KPHTepH:A NPHHEMALT Crenylomylt Bra;:

2
& Bjr _ Ry
2= (p(zn) n mzn,1+n,z(n m) )

20.6. TrnoBne sazaun.

Sagaua 20.1. Henomsaya mapame Tanosoit samaun 16.1, mposepuTh
Ha ypoBHe JoBepuda 1 — o = 0,95 rumoresy Hy, cocroamylo B TOM,
4YTO MATEMATHYECKOE OXKHUIAHHE My CpeaHell TeMmepaTyphl sHBaps B
r. Caparore (CB X) pasHo —13,75, T.e. wro mx = ~13,75, nporus
anwTepHaTHBHON rumoreset Hj, cocrosmett B ToM, T0 Ry F —13,75.
Byzem npegnonarats, 910 CB X mMeer rayccosckoe pacnpemenenue.

Pemenne. ducnepcus 0% CB X nemanecrHa, mostomy Buibepem
AN OPOBEPKE TEnoTe3W Ho CcTaTHCTHKY
7= {(fx -mo)vn—1
Vidx

B pmanno#ft zamave n = 13, mg = —13,75 a iy = —11,87 n dx =
= 22,14 (pesyabrar pemenns 3axaur 16.1). Cormacmo mpumepy 20.2
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pacnpepenenneM F(z|Hp) craructuxn Z npu cnpaeemmupocTH  Hy
aABAnerCcs pacnpegenenre Crvionenta S (n — 1).

Taxum obpazom, josepHTenbrans obsacte G HMeeT Brg G =
= [—#ge75(12), to,07s(12)] = [-2,18, 2,18]. Brmumcnna 3HaveHme z
CTATECTHKM Z AN JAHHON PEaNH3alMe BHIOOPKH, HMeeM

5 10,87 +13,75)v12 ~:1,38.

Takum o6pazoM, 3HAYCHAE z CTATHCTHKM 2 NONANAET B AOBEpH-
TensHywo obnacte G, W, GIGHOBATENBHO, Ha YDPOBHe jJopepust 1 — a =
= (0,95 MOXHO CYRTATH, YTO DE3YJIETATE HaO/IOAEHMI! He NPOTHROPEYAT
renorese Hy, cocroamed B Tou, aTo mx = —13,75.

OrseT I'unoreza Hy mpuawmacTcs.

3agaga 20.2. Henonsays gannsle THNOBOMH 3aaa4u 16.1, mpoBepHTh
Ha ypoBHE moBepEu 1 — a = 0,95 rEmoresy Hy, cocrosmymo B ToM, 9TO
JpcnepcHst 0% cpemuelt TemnepaTypH amsaps B T. Caparose (CB X)
passa 20, T.e. wro ¢% = 20, mpoTHB ainTepHaTHBHOM rumotesm M,
cocTodAIHel B TOM, 4TO o§c # 20. Byaem npeanonarats, yto CB X nmeer
TayCCOBCKOE PacIpefiesleHRe.

Pemenue. Maremarugeckoe oxupanume my CB X mneMssecTho,
mo3TOMY BhGepeM Ond HpoBepkH rumoresst Ho CTATHCTHKY

Z =

&I §~>

B pannot aagave n =13, o2 =20, a dx = 22,14 (pesyasTaT pemenus

sagaun 16.1). Cornacro npumepy 20.3 pacupenenemuem F(z{Hp) crara-

cruku Z upu crnpasegnmsocty Ho aBasierca pacnpepenense x2(12}).
Takum ofpazoM, IoBepuTeNbHAA obmacte G umeer Buy G =

= [wo,025(12), 0,e75(12)] = [4/4, 23,3]. DBuumensa snavenue z
CTATHCTHKE Z AJIS AaHHOH peasm3ampH BhIGOpKY, HMeeM
_13-2214
r=——p== 14,39.

Taxum oSpasom, 3HaYCHHE z CTATHCTHKA Z I[ONAJRET B JIOBEPH-
TenbHylo ofnacts G, H, CIENOBATENBEHG, HAa YPOBHE HOBEpHA 1 — o =
= 0,95 MOKHO CIHTATH, 9TC PESYARTATH HAGMIOHEHUNR He NPOTHBODEYAT
renorese Hg, cocrosmeit B TOM, 4T0 0% = 20.

OTeeT 'unoresa Hy mpuHHMaeTCs.

3amaua 20.3. B revenne Bropolt Mrpopoil BOAHE Ha IOKEYI0 YaCTH
Jlopaona ynano 535 cHapamoB. Tepprropms IoKHOro Jlomgoua Onuia

pasgenens #a 576 yaacrrop wromansio 0,25 kM2, B crexyiomedt rabmane
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NPHBENEHB! YHCIA YIACTKOB %, HA KaiKIOhifi M3 KOTOPBHIX yuajao no k
CHAPAHOB;

TabGannoa 20.3

k 0 1 2 3 4 b
ne {209 ] 211 ] 93] 35 7 1

Tpebyercss ¢ NMOMOMBIO KPHTEPHA XM-KBAJPAT IIPOBEPUTh HA YPOBHE
Jopepust 1 — o = 0,95 runoresy Hp, cocrosmgyio B Tom, wro CB X
(emcio cHapazos, ymapmux HA ONHH YUacTOK) PacHpeHEeHa MO 3AKOHY
IIyaccona.

Pemeunne. Pacnpenenenne Ilyaccoma II{#) mmeer oyun nmapamerp,
"‘MiI-ouenka sToro mapamerpa 8 = fx = 0,93 (cm. npnmep 18.8).

B mannoit sagaue JefcTBETENEHAA OCh eCTECTBEHALIM 00pa3oM paabu-
BaeTCH Ha 8 HenmepecexkaloUMXcH NMONYMETepBasoB Ag: (—o0,0), [0,1),
[1’2)1 A ] [516)3 [6|+m)'

CunoTeTHYeCKHe BEPOATHOCTH Pp TonagaHua myaccowosckoit CB X
B k-# noayRuTepBaN BLIMHCGIAIOTCH N0 CHEZYIINUM DOopMyaaM:

e~29*1 T
PR=GTT A k=16,

L] E
pr=1-35p, po=P{X<0}=0.
k=

Druiuncnensble 3HAYCHHA BepoATHOCTEN yKasaHE! B Tabm. 20.4.
Tabnnnua 20.4

k 1 2 3 4 5 6 7
Ak [0! 1) [1! 2) [21 3) [31 4) [41 5) [5! 6) [6! 00)
pr | 0,394 | 0,366 | 0,171 | 0,053 | 0,012 | 0,002 | 0,002

Briyacass 3HaUeHMst Z CTATHCTHKM KPHTEPHA XH-KBAJPAT, [OAYHHM

6 2
z:ZM.‘_in;ﬁz,z'
k=1 RPe

IIpu cupasegmaeocTr runoTesy Hy craTRcTHKAa £ HMeeT pacOpeiesieHue
x2(5). Toras kpuTnteckas obaacTs G mMeeT BUX G = (zg,95(5), +00) =
= (11,1, +00), a aoBepRTENBLHAA obnacTs — G = [0, 11,1}

Tak xaKk BuIMMCIEHHOE I BMOOpKe ZHAUYEHUE CTATHCTHKH TIONajaeT
B JOBEpETENBHYIO obnacts (7, To ¢ BepoaTHOCTEIO 0,95 MoxHO yTBED-
FKJAATD, 4TO OIEITHDIE HAHHBIE COXMACYIOTCH © rumoTeso#t Hy.

Orepert M'moresa Hy mpEauMaeTcs.
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Sagzayia 20.4. Hcnomssysa nagasie 3aaaun 16.2, npoBepnTs Aa yposHe
nopepus | — o = (0,95 runoresy Hp, cocToAImMYIO B TOM, WIO DOCT
p3pocaoro myzauasl (CB X ) mmeer HOpManbHOE PaCIpelie/icHue.

Pemenne. Hopmansuoe pacnpesenenne N(fy;02) umeer apa Hems-
BeCTHBIX mapamerpa: &) = my u 63 = o%. MII-onesxo#t napamerpa 6
fAiBNAeTcs sLIGopounoe cpemnee Mx, a napamerpa 92 — Beibopounas
AMCIEPCHA gx. C yuaerom nompasok [lemmapaa nomyyum

‘ﬁix = 165,77, t‘fx - 34,24.

Briyucnausm ramoTeTAuecKde BEpOATHOCTE pi, k& = 1,15, nonamanwms
rayccoeckoit CB X B monywnrepsansl Ap (xoTopeie ompepesneHh B
sasage 16.2) no nprbmmkennoit dopmyne

1 (% —ﬁix)’}
prmhe b exp{ =)
Ver/dx 2dx ’
roe Ty — cepeguHa uHTepsana Ap, a h — InuHa HETepbama Ay,
KOTOpas B JAHHONK 3amave paBHa 3 s BeeX k = 1,15. Pesynsratm
BoiuHCHeRmt oA k = 1,15 mopuseaeHwl B Tabn. 20.5.
Tabanna 20.5

Ay | 143-146 | 146-149 | 149-152 | 152-155 | 155-158
Pk 0,0003 0,002 0,007 0,023 0,058

Ax | 158161 | 161~164 | 164-167 | 167-170 | 170-173
ps | 0,115 0,175 0,204 0,184 0,127
Ax | 173-176 | 176-179 | 179-182 | 182-185 | 185-188
e | 0,067 0,027 0,009 0,002 | 0,0004

BeposTHocTh nonaganus B mHTepBal Ay = (—00,143) paBHa py = 4 x
x107%, a B untepsan Ay = [188,+00) — p1g = 4 - 1075, Burumcnss
peallu3anyic # CTATHCTAKH Z , IIOIYIHM

15 Y
z=npg+ Y L"k—,;Lk) + np1g = 7,177,
k=1 Pk

ITpu cnpasepnuBocTH renoTesst Hy cTaTHCIUKS Z uMeeT DacIpeeenne
x%(14). Torma xperuueckas obaacts G mmeer Bug G = {2ggs(14),
+o0) = (23,7, +00), a AoBepuTesmbHan obaacts — G = [0, 23,7].

Tak xax BHYHCICHHOE IO BHIOOPKE SHAYCHHE CTATHCTEKH HOMAAZET
B JOBEpHTENBbHYlO 0bnacTh (, To ¢ PepoATHocThIo 0,95 MoxkHO yTBEP-
MKAATh, YTO ONBITHHE NAHHHE COMMACYIOTCH ¢ rHnoresolt Hy.

Qrser I'unoresa Hy npeuAMaeTCs.
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Saznzaya 20.5. o nepemcr nacenenus [IIsermn 1936 r. u3 coBokyn-
HOCTH BCEX CYNpYyikeckux map Opuma momydena smGopka B 25 263 mapwhi,
BcTymmBmEX B Opax B Tewenme 1931-1936 rr. B cuepyiomedt Tabnpme
APHBESEHO PACTIPEIeeHHe TOIOBBIX JOXO/0B (B THIC. KPOH) N1 KONHYECTBO
geTelt y Cynpy»KecKux nap B 3Tolt subopke {fauurie B3aTH! M3 [19]):

Tabnana 20.6
uAcno getelt | aoxoan: 0-1 1-2 2-3 >3 | Cymuma
a 2 161 3577 2184 | 1636 9 558
1 2755 5081 1 2222 ] 1082 11 110
2 936 1753 640 306 3635
3 225 419 9% 38 778
=4 39 981 . 31 14 182
Cymma 6116 | 10928 { 5173 | 3016 | 25263

Tpebyercas ycTAROBATL ¢ HOBEpHTeALHOY BepoaTHOCTHIO 1 — a = 0,95
SIBIISIIOTCS JI 33BHCUMBIMY KonmyecTBo aerelf B cempe (CB X') n ypoBenn
T'OAOBOTO HOXOXa 9Toll cembu (CB Y).

Pemwenune. Ana nposepkn ranmorezn Hp o mesapmcumoctE CB X
# CB Y nocnomssyemest XpHTepHeEM XH-kBagpar. B ganHolt 3amage
maoxecTso suavenulft CB X (xonudecrso xetelt B cembe) pasfbmBaeTcs
Ha b paspauos Agyg, 4= 1,5, ecrecTrennnM obpasom: 0, 1, 2, 3 u He
MeHee 4-x mereit {cum. nepBrift cronben Taba. 20.6). MuoxkecTBO 3HAYeHul
CB Y (romosoit oxop cemsn) pasburo Ha 4 paspsga A, j = 1,4,
KOTODLIC YKa3aHbl B neppoit crpoke Tabm. 20.6). Brpraucnsa 3naveHMe 2
(cm. 1. 20.4) no dopmyne

z=n(zs:i:—-£’——-—l),

i=1ji=1 Bz, ifnf

e n = 25263, s =5, r = 4, umcna Mg, i = 1,5, NPHBEAEHN B
nocaeaHeM cTonbue TabaHIH, a 4McIA Ry, J = 1,4, npmsesent B
nocneMEeld crpoke TabnMupl, pomyvEM z = 568,5.

Ilpu copaBemmuBOCTE rUNOTe3H Hy CTATHCTEXA Z MMEET DACTpeme-
JftleRte XH-KBAJAPAT ¢ MHCIOM cTenenedt ceobopt m = {8~ 1){r— 1) =4 x
%3 = 12. Torna KpATEWeckas obnacts G umeeT BEA G = (z0,95(12),
+00) = (21, +0), a gobepuTenBHAR obnacTy — G = [0, 21].

Tax xax BaIYHCACHHOE IO BHIGODKE 3HAYEHHE CTATHCTHKE NOHAUNAET
B KpuUTEuecKylo obnacts G, 7o ¢ peposTHOCThI0 0,95 rumoresa Hy o
neaasucumoctn CB X (komrsectso gerelt B cemne) n CB Y (yposemns
TOAOBOTO JOKONA CEMBH) OTBEPTAETCH.

Oreer ['mmoresa Hy 0 mesapmenmoct CB X (xowmmaecTso zetelt B
cembe) 1 CB Y (ypoBens rofoporo HoXofa CeMbE) OTBEPraeTCd.



§ 20] NPOBEPKA CTATHCTHYECKHX CHTIOTES 185

S3anaua 20.6. B Tabn. 20.7 npuBeAeHH! JaHHLE (¢ DAcTpPENENCHMN
Aoxonoe (B ThiC, KPOH) BCEX NPOMBLILUICHHHIX DabOMKX B CIIYXKAIFX
[MIsenum B 1930 r. 115t Bo3pacTaBIX rpyun 40-50 ser 1 50-60 Jer (auHbIe
B3ATH 13 [19]). Tpebyerca nposepaTs Ha ypobme Aosepua 1 — a = 0,95
rumoresy Hy © ToM, wTO HoxomsI paBoTHX ¥ CIYKANIEX BO3pacTHOR
rpynnu 40-50 ner (CB X ) u aoxoapt pafounx ¥ CIyzKalyix BO3PACcTHONA
rpynnst 50-60 ner (CB Y') pacnpesenessl oauHaKoBO,

Tabnuma 20.7

noxonw \ sospact | 40-50 ser | 50-60 mer
0-1 7831 7 558

1-2 26 740 20 685

2-3 35 572 24 186

3-4 20 009 12 280

4-6 11 527 6 776

>6 6 919 4222
CymmMa 108 598 75 707

Pewenne. Inn npoeepku runoresnl Hy 06 ogumakorod pacnpe-
penennocte (ogpopoatoct) CB X u CB Y npumemum xpuTepudt Xu-
KepagpaT. B manmo#t 3amave komrdecTeo cepril menpitannft s = 2. Torga,
corvracno npeMepy 20.5 (ca. 1. 20.5), 3Havenme CTATHCIMKHE KpPHTEpPHS
HMEET BHJ, '

r 2
1 n n;

zzn.mg ._.._...(i.__’..":) s
j=lﬂjl+ﬂj2 n m

rae n = 108 598, m = 75 707, xonm#yecTro paspancs r = 6, wcna n;y,
j = 1,6, npuBexenn Bo BTopoM cTon6ue Tabaump, a wMcna nj3, j = 1,6,
NPKBEOEHH B TPeTheM cronbme Tabimup.

IIporena HeoGXoAMMEIE BLIMHCACHHA, MOayuuM 2z = 840,62,

Tlpe cnpaeegnueoctd ranorestt Hy cratucTExa Z uMeeY pacnpeme-
JIeHHE XU-KBAAPAT ¢ THCIoM cTenerel cBoboan m = (s~ 1)(r—1) =1 x
x5 =285,

Toraa kputaweckas obnacte G umeer muy G = (%pes(5), +o0) =
= (11,1, 4-00)}, a jgoBepurensHas obmacTs — G = [0, 11,1].

K&K BHYHCIEHHOE IO BHIGODKE 3HAYGHHE CTATUCTHKH IONATAET
B KDUTHYECKYIo o6macth G, TO ¢ BeposTHOCThIO 0,95 runoresa Hp o6
omropomrocTd CB X {noxoitl pabodsx U CYKampuX BO3PACTHOR rpyTs
40-50 set) u CB Y (zoxosel paloumx M ciyxamux BO3PACTHOR LPYIIihl
50-60 ner) oTBepraeTCs.

Otper Cunoresa Hy ob ommoponuocrn CB X (noxoxw paboumx n
ciyxammx Bo3pactHolt rpynnet 40-50 ner) u CB Y (moxogm pabounx u
CIyXAmUX Bo3pacTHOR rpynme 50-60 net) orsepraerca.
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§ 21. 3apaun Aas CaMOCTOATENBHOrO PEIIeHAS

1. Tlo sasaem TEHHOEO! 3agauu 20.3 ODOCTPOXTH CHCTOTPAMMY IHCHE
CHADAJOB, YIABMAX Ha y4acToKk maomansio 0,25 kM2,

2. Ilpepnomaras, 9TO YMCHO CHAPSJAOB, YOABIIMX Ha Y4acTOK IJIO-
maypio 0,25 km? (oM. sagauy 20.3), mmeer pacnpemenenne Ilyaccora ¢
HEeH3BECTHLIM napaMerpoM &, nocrports MII-onenky sroro mapamerpa.

3. Tlo maumum Tunoeoft 3amauy 16.2 HAfTH, YYUTHBAS TONPABKH
Mennapma, eoifopoamos cpeasee u BHOGOPOMHYIO DHCHEDCHIO DOCTA
e3pocroro Myxkaul (CB X ).

4. Ilo masmAwiM THIOBOH 3azaun 16.1 MOCTPOMTDH UEHTPANbHLIL JOBe-
PHTENbHBIHE HHTEPBAN YPOBHA AcoBepua 1 — o = 0,99 anxa maremarnde-
CKOro OXKHAAHUA cpejiHeli TemmepaTypH axBaps B I Anateipe (CB Y').
IIpexuonaraercs, wro CB Y umeeT mopMmanbHoe pacnpenencHne.

5. Ilo pauemimM Tunopoit 3agaunm 16.1 mocTponTh IeHTPAALHEILR
JAOBEPUTENbLHEH HHTEPBAN YPOBRA OoBepus 1 — o = 0,95 mns mpcnepcux
cpeaHelt Temneparyps fHBaps B r. Asateipe (CB Y ). IIpeanonaraercs,
wro CB ¥V umeer HopmanbrOe pacnpelelenye.

6. Ilo pamubiM Tunowol 3amavyn 16.1 nposepurs HA YPOBHE JOBEDHA
1 —a = 0,99 ranoresy Hp, cocrosmys B TOM, YTO MATEMATHYECKOS
OXEJAHHE CpefiHell TeMnepaTypHl aupapa B I Amarspe (CB Y') pasno
—11,87, ©.e. wro my = —11,87, nporus anprepHaTieuof rEnorestr H,
0 TOM, 9T0 my 7# 11,87, npe,n;no:tara.ﬂ, aro CB ¥ umeer Hopmanshoe
pacmpeageneHye,

7. Ilo manubiM Tunopoi# 3amayd 16.1 npoRepMTL HA YPOBHE JOBEPHA
1 — a =095 runcresy Hyp, cocrosmyio B TOM, YTO ZHCUCPCHA cpegmen
TeMIepaTypel AuBaps B r. Anareipe (CB Y) papra 20, T.e. 0% =20,
TPOTHE aNbTepHATHBEON rumoresmt Hi: oy # 20, npexnonarad, 4To
CB Y mmMeer HopManbsOe pacHpeelleHue.

8. B Tabn. 21.1 mpusenent peaysbrarhl McmbiTamiit 200 namnm na
TPOAOIKATENLHOCTE paborni T [B wacax].
) Ta6arpa 21.1

T [aac] 0~300 300-600 | 600900 | 900-1200
gEcno aamm | 53 41 30 _ 22

T [aac) ["1200-1500 | 1500-1800 | 1800-2100 | 2100-2400
RGO AaMI 16 12 9 7T
T [uad] 24002700 | 2700-3000 | 3000-3300 | > 3300 |
qHUC/IC JAMIT 5 3 T2 0
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Ilycrs CB X — npomomkuressaocTs paborh sammsr, Henonsays kpm-
Tepuil XH-KBaApPAT, IPOBepHTH THroresy Hp o ToM, 4yro CB X (pea-
JIA3ACMA CTATHCTHYECKOTO PAna XOoTopod mpHBeaeHa B Taliune) mmeer
SKCTIOHEHIMAILHBIR 3AKOH PACcTIpPEEIeHnsl ¢ IUIOTHOCTBIO PachpeleteHHs
BepoatHoct f(z) = fe™% npu 2 > 0. Ypomems JOBepHA NpHHATD
paBietM 1 — ¢ = 0,95.

9. VYTBepxkaaercs, uUTO PEIYNETAT AelCTBHA JEKAPCTBA 3ABHCHT OT
cnocoba ero npumenerud. [IpoBepbre 3TO yTBepAKIEHHE N0 JAHLBIM,
npercTaBaenHsM B Tabn. 21.2. YpoBeHn qoBepud npuuats pasneim 0,95,

Tabnaoa 21.2

peaynbrar \ cnocob npaMenennn | A | B | C

HelnaronpuaTHnil 11 |17 ] 16
GAArOnpHATHHIL 20 [ 23] 19

10. B rtabn. 21.3 npupezensl JAHELIE O pacTipeledeRNH JOX0moB (B
THIC. KpoH) 3aBogexux MacTepos [[Teenme 8 1930 r. g BOSPACTHLIX Py
40-50 ner n 50-60 aer (naunie B3saTH H3 [19)]).

Tabnnna 21.3

noxofnt \ sogpact | 40-50 mer | 50-60 ner
0-1 71 54
1-2 430 324
2-3 © 1072 894
34 - 1609 1202
4-6 1178 903
>86 158 112

Tpebyercst mpoBepuTs Ha ypoBHe XoBepus 0,95 runoresy o TOM, wTo
JIOXOOH 32BOACKAX MACTEpOB BoapacTro# rpymmst 40-50 ner (CB X ) u
3ABOICKAX MACTEpoB BospacTHol rpymnsl 50-60 ner (CB Y') pacnpene-
JICHE! OBUHAKOBO., ¥POBEHE AOBEpHUs IPHHATE paBHbiM 0,95. Cpasnwre
TIONYYeRHEIN Pe3yALTAT ¢ OTBeToM 3adaun 20.6,

11. B peaynwTaTe NPOBEJCHHOT'O MCCHEAOBAHHA OBINO YCTAHOBIEHO,
10 ¥ 782 CHBeTNOrNasbiX OTOOB CHIHOBLA TOXKE HMCIOT CBeT/LIe Ifiasa, a
y 89 CBeTIIOrNasLIX OTHOB CHIHOBLA — TEMHOTJIasble, ¥ 50 TeMHOMIAsLIX
OTICE CHIHOBBS TAKXKE TEMHOINIA3NE, 3 ¥ 79 TeMHAOINA3bX OTUOE ChIHO-
BbLS — CBeTIOraaskle. MMeeTcd I 3aBHCHMOCTD MeXK Ay OBETOM Ia3 OTLOB
(CB X ) u uperom rna3 ux cuHoseit (CB Y )? Yposers AoBepHa NPEHATD
paBHEIM (,99.



''TABA VI

OPUJIOXKEHHU S MATEMATHYECKON
CTATHCTUKHA

§ 22. PerpeccuoHHbI anaInAs3

22.1. Mogenn perpeccau. llyere ¥ 7 X — zasucumiie CB u
TpefyeTca no pesyasTaTam HabmogeHu#t (*1,...,%Tn) 38 BexTopoM X
2 (Y1y...,¥n) 32 BekTOpoM Y cHenaTL OGOCHOBAHHOE SAKIIOUEHHE O
XapakTepe 3aEucHMocTH Y or X.

Onpeaenenue 22.1. 3asrcumocts Y = ¢*(X) = M[Y|X], ofec-
MEYMBAOIAN Hauuyywmee (B Cpe/iHeM KBaJDaTHYECKOM CMBICTIC) NPHGIH-
xerne CB Y:

M [(Y — *(X))*] M [(Y — o(X))?],

rae {X) — npomssonnHas byHKIus, HasmBaercs @ymxyuetd meope-
musecxoti pezpeccuu. IIpu srom X HaILIBAIOT pezpeccopom, a Y —
GIMAAUKOM.

Jas errapcnenns yeropHoro MO Heo6XoauMmo 3HaThL COBMECTHYIO
¢yuxkmmo pacnpegenernas CB X m Y, a Takoit andopmanmedt mecue-
HOBaTeNb, KAK TIPABUJIO, He pacnoyaraeT. llna npeogoneHms 3TOro 3a-
TPYAREHHA MOYKHO, HAIPHMED, OIPAHMYNTLCA PACCMOTPEHHEM HEXKOTOPO-
ro napamerpraeckoro knacca $ysxumit ¢(2) = p(z,8), rme 8 € 8 C
CIR®? — HexoTopwit HEM3BeCTHEHE Ma.pAMETD, KOTOPLI TPeSyeTCR ONEHNTE
no uMeiomelica soibopke Habmogemutt (T1,...,%n) ¥ {Y1,.-- ,¥n}-

Onpegenenne 22.2. Knacc yametisrix no 8 bynxumit
¢(z,0) = () + ... + ops(a),

rae ¢1{z),... ,¢s{x) — wiBecTEHEe yHRIEHU, ONperEAOIWME nAAK
IRCNEPUMENMA, HABHIBACTCH Autieditofl pezpeccuontol modesvio. Ilpu
3TOM HOIKHO BHINOIESTRCH OYEBAANOe TpeboBaHNe 8 < n.

YacTo paccMaTpHBaloT Momeah Habmozenwitt 33 CB Y, B koropoii
BeKTOP X CYMTACTCA HECHYYallHEIM M DPHCYTCTRYIOT CIy4Yalitbie omntku
nabmogenult W

Y =01pr{ze) + ...+ Opps{zn) + Wi, k=1,n.
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B sroft mMomesu HEHSBECTHEIMM MO-OpEXKHEMY ARJAIOTCA NAPAMETDH
61, ...,8,, a BEKTOPH T1,...,%, u pacnpefiencaus CB Wy, k=1, n,
CHYETAIOTCH H3BECTHHIME.

22.2. Cxema TIaycca—Mapkosa. Jluneftuyio monens Habmonenntt,
ApHBCACHHYIO B IpembiaylieM Dasfese, MOXKHO 3aliucaTts B Gollee KoM-
TIAKTHOM BHJE

Y = A0+ W,

ectu BRecTR ofosmavemma Y = col(Y1,...,¥,) nns pexktopa Habimo-
A

jenutt, @ = col(fy,...,0,) — AnA BEKTODS HEWSBECTHHIX NAPAMETPOB,

wa col(Wy,... ,Wy) ~— ans sexTopa cyualinbix omnbok HabmozeHus,

A2 {ar;} — mma MaTpumpI, COCTABIEHHON W3 AMEMEHTOB ar; = w;(zk),
j =15, k = 1,n. lpn sroM 1acTo MaTpEUy A HasHBalOT mampuyed
naana uim pezpeccuonnot mampuyeti. Bes orpanuyenus oSmuocTn uano-
xeHus npeamonoxum, wto M[W] =0 u M [WWT] =621, rpe I —
&IHHEYEAS MaTPHIA PA3MEDHOCTE 1t X 7.

Qupenenenne 22.3. OueHxofi BeKTOpa HEH3BECTHLIX NAPAMET-
poB 0, Maitmenuofi no memody Heumenvwur xeadpamoe (wm MHK-
oyerxot}, HA3HBAIOT BEKTOP

~ ATy
G—arglérélg(i’_' AN (Y - AB).

CchopMynHpOBaHEYO 38/]aYy HA3KBAIOT cxemoti Iaycca-Mapxosa.
Teopema 22.1. (Teopema I‘aycm—Mapxoea) ITyems  mampuya
AT A nesupoocdensnan. Toezda MHK-oqeum 8 obradaem eaedypouumu

ceoticmeamu
1) MHK-ouenna 8 cywecmeyem, ora eQUHCIGENNAR U ONPEJEARETCR

Ppopmyaot
f=(AT4) A7y,

2) MHK-ouenma 8 ABAREMCA HECMOWEHNOT U €€ XOMROHEHB
UMEIOM MURUMGADHYE GUCHEPCUY 8 KAQCCE aunedinmr omuocumesvno Y

HECMELEHHUWT OUEHOR, R
3) xoeapuayuonras smamputa MHK-oyenxu 0 onpedearemes gopmy-

Kz =o®(ATA)™

Ecmu B cxeme I‘a.ycca.—MapxoBa CB W mnaeer nopumnoe pacrpege-
neHHe, TO
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1) MHK-ouenka 7 mmeer $-MEpHOE HOPMANbLHOE PpachpefcieHHe
N (6;0% (474)7");

2) Kpanparmnas dopma (9 — 0)TATA(G — 6) / o% umeer pacnipeze-
neHEe Xu-KBaZpaT X2(s) ¢ s crememamu cBoGomEl.

3) MHK-onenka § spnsercs taxsxe MIT-ouenxof.
IIpumep 22.1. IlycTk Tpebyercd OUEHHTH IABECHMOCTD

y=0+6z+...4+8,z7"
N0 PE3YILTATAM HabIONeHHT

Vi=6+0ar+...+0a; '+ Wi, k=Tn

B TOYKaX i, rme Wi, & = 1,n, — cayyaitubie omubkn usmepenuit. B
A3HHOM CITY4ae 3JIEMEHTHl MATDHULL INIAHA PABHH Gfj = a:i_l , k=1n,
J=1,s. Torga HCKOMYI0 SABECHMOCTE MOXKHO ONDEIEANTL B BILAE

§=0,+0z+...+8,z°1,

rzie olerxw §; mapamerpos 8;, j = 1, s, HAXONATCH IO METOAY HAMMEHb~
LIAX KBAAPATOB W3 YCIOBHA MEHHMYMa KBajpardueckol dyaxiun

QOr,... ,8,) = an(yk _ ii"fzi")z-
P

k=1

[IpapasnuBas HyMO YacTHEIE NPOH3BOAHHE mo §; KBaapaTW4ecKol
Syuxuun Q(6,. .. ,0,), MOXKHO TONYHHTH CACTEMY THHENHBIX Y PABHEHNH

A ONpeaeIeHnd ONEHOK HEH3BECTHRIX ITapaMeTpoB 91 PRI 9, H
3@(911"' !9-. — = aQ(ols a) -
86, e 38,

B yacTHOM cayuae, KOrOa s = 3 UPHXOZMM K 3ajate NOCTPOeHMS ng-
paboaunecxotl pezpeccuy. B mapsoM cinyvae nocie necyoxkusix npeobpa-
30BaHHll MOXKHO NOMYYHTh CHERYIOMYIO CACTEMY JuHeRHbIX ypasHEHHH,

OIIpeJeNdIoImAX ONeHKK & ) 02 , B3 :
0253 + 18z + 0051 = Bo,
0!353 + azgz + Otlal = f,

asly +asty +axfy = B,
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rne Ko HHIHEAT:E YTHX YPABHEHHUI PaCUATHEAIOTCH 10 (HOPMYIaM
1 n . — 1 Lid :r:" —
aj=;2yia 1=04, ﬁ3=;Eyk ] J=0v2‘
k=1 k=1

Peinas noydeHnyI0 CHCTEMY AAREHHKIX ypaBHEHUE OTHOCHTENBHO OHEHOK
&y, G;, 03 ® nonCTABNAS X 3HAa4YeHHA B MPHBEICHHYIO Bhune GHOPMyITy,
noy4YaeM HCKOMYIO 3aBHCHMOCTD H(z).

22.3. IIpocras auHeiiRas perpeccus.

INpumep 22.2. PaccMoTpum Moaenb npocmot: aunelinot pezpeccui.
Ilyere CB Y m W ces3aust ypaBuenyeM ¥ =az+ b+ W,rme CB W
MOxeT OHTh HHTEPHPETHPOBAHA, HANDHMED, KAK MOTPEIIHOCTh BhIMHCIIE-
HAA AeTepMARUpoBanHol pemuuuan ¥ = ax + b. Ilyers CB W umeer
HOpMauTbHOe pacipeneneane N(0; o2). [IpemronoxmM, ¥TO B COOTHOME-
BEA Yy = ax + b napamerpsl a u b Heu3sBeCTHM, 3 mpHM KaXKIOM k-M
HabaooeHHy cnyvyaiuol Bemuamnbl Y AeTepMUHUPOBAHHAS BeNHYUHA T
NPHHMMAET Pa3NEIHHE 3HAUCHMS Ti, k = 1,n. Torma CB Yi = azy +
+ b+ Wy, k = 1,n, 6ymer umeTbh ROpMaNbHOe pacnpeaenerue N{azy +
+ b;¢?), Tax xak M[Yi] = axy + b. Bygem cumraTh, wro mabmofenns
HEZABHCHMBL APYr OT jgpyra, T.e. CB W, aBasioTca He3aBACHMBIMEA IS
pasmHeix k ¢ onEMM u TeMm e pacupemerenmeM N(0;0%). B mawnom
CIyuse HeoJHOPOAHYI0 BLbopKyY Z, obpasyior Habmiomenus Yi,..., Y.
Tpebyerca no sHbopke Z,, H H3BCCTHBIM 3HAYEHHAM Ii,... ,%Ln OUEHATD
HeM3BeCTHble mapameTpsl ¢ H §. Paccmorpum Ans peasH3alun BHGOP-
Ku 2zp = col{y1,...,y») norapudmmteckyo QyHKiue npasaonogobua

a A
In L(z,,a,b) ¢ napamerpamu & = a, 8; = b, KoTOpas B JaHHOM Clydae
HMeeT BHI,

n
In L{zp,a,b) = —-5}5 Sy — axx — b2 —nln (cr\/2—?r) .
k=1

HeobxoauMoe yenoBre MAKCHMyMa 510l by Kiumn:

a
-é;ln L{zp,0,0) =0,

2 0 L(zn,a,5) = 0.

Pemnas nosy1eHHyH CACTEMY H3 JBYX ypaBAeHHU ¢ ABYMA HeM3BECTHHIMH
a ¥ b ana xkaxxaoit peaausanuy BEHIGOPKH Zn, , HAXOIMM OIEHKH NMapaMeT-
POB:

n;zkm—gmeyx R - ) &
B(zn) = = 3 bzn) =3 o= =2 3 @
k=1

n 2 » 2 3
nzmh—(sz) k=1

k=1 k=1
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3ateM, 39MEHAA B NONYYEHHBX BHPAYKEHAAX DEANM3aNAI0 BRIOODKH 2y,
ma Betbopky Z, = col(¥1,...,Y,), monyuaeM TodeuHEIe OUEHKH HeW3-
BECTHBIX 1apaMeTpos 8(Z,), 0(Zn).

NDpumep 22.3. PaccMorpHM Momens npocTodl MuHeltHol perpeccun
u3 npamepa 22.2, He npexnoiaras, yre omuoxn Wy umeor RopMabuoe
pacpefeNes e, K, KPOMe TOro, CIMTAN, IT0 Ko3gpuuuentel Xy, crxyail-
st u nabmogaempt: Y = aXy + b+ Wy, k= 1,n. Ilyers M[Wi] =0,
D{W;] = 0? u meuwssectna, CB W}, k = 1,n, nezapucumm. Ipesmono-
xuM, awro CB X u Wi, & = I n, nesaBucivmi, npavem X; umeror
O/II0 M TO IKe, HO Rem3BecTHOe pacnpenenenue Fx(z). IMo pesysbraram

mabmogemu#t (y1,21),.-- , (Yn, Tn) TpeOyeTcs oLEHUTH HEA3BECTHAIE Ma~
paMeTpH a H b B mumelinofi perpeccuonnoit mogenn. s neogropomsroR
BRIGOPKE %, 2 col(y,. . s ¥ny&1s-+- 1 Tn) PACCMOTPHM KBAZDATHYECKYIO
hyrKmmo

™
Qzn,0,8) = 1 3 (yr - aci — B2,
k=1

XAPAKTEPH3YIOILYT0 CPEAHIOIO O 71 KBaAPATHEYECKYIO OMHOKY NpPefcKasa-
HEA TOro, 4T0 B n Habmofenuax CB Y npumer znadenud yp, k=1,n.

Onpegenenne 22.4. MHK-ouenxomu, TOAYYCHHEIMUA 10 Memody
HAUMEHDWUL X6adpamos, HEUIBCCTHHIX NapaMeTpoB a U b B aunefiHol

perpeccaonnol mogenn Yi = aXy + b+ Wi, k = 1, n, masusaior onenxku
a(Z,) u 3(7,,), 3HAYEHHA KOTOPHX MHHMMM3HDYIOT KE3IDATHYECKYIC
byurumoe Q(z,, a,b), nocTpoernyo N0 peanwIaupyd BHGOPKK Z, .

B aauuoM cnyvae BMaHO, 4yTo yHkuua Q(Z,,6,d) coBmamaer mo
dopme ¢ TOYHOCTLIO J0 KoadubHIEerTOB ¢ AoraprdbMudecKkol PyHKrimed
npasgononobust 13 mpumepa 22.2:

b3
Q(Zn,a,b) = —"% In L(Zn, @, b) — 20%In (o' 2«).

IMoaTomy MunumyM dbysxunn Q(Z,,a,b) no napamerpaM ¢ H b JocTara-

©TCH HIPH TeX 3Ke 3HAYEHAAX G K §, 4TO M B METOE MAKCHMAJILHOTO Npak-
nononobus (Murnmuzanaa GyRruMM Q(Zn,a,b) no a u b sxBuUBaNeHTHA
Mmaxcumuzauun yukuuy In L{z,, a,b) ) u onpenensercd COOTHOMEHKAMHE
u3 mpuMepa 22.2. 3aMeHNA B 9THX COOTHOMICHUAX Zn H3 Z, , HOTydaeM

o~ —~ E T - -~ o~
i(Z,) = rxyw %, b Z,) = my —a(Z,)mx.
X

Halnepare no meromy HANMEHBIIIX KRAJPATOB OLEHKH G(Zn)
H 'S(Z-,.) HEM3BECTHEIX TTAPAMETPOE G M b NMOCTPOSHM IAS MPOM3BOILHO
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pacnpeneicHHEIX cryualiaux ommboxk Wi ¥ coyvafineix xoaddunm-
edTOE X, TOTAA KAK N0 METOAY MAKCHMANBHONO NPABIOMOmOGNA
AHAMOTHYHEE OLEHKN TOMY<eHH B NPeAnNIOKeHHH 0 HopManbrocTH Wi
¥ AN JeT€PMEHHDOBSHHLIX 3HaveHui#t z, k = 1,n. Haumu ciopamu,
MHK-onenxu okasbtsalorcs Gonee poSacmuvimu (T.e. MeHee UyBCTBH-
TeNBLHEIMHI K anpHophoit pudopManny o cnydalinpx xospguupenrax X;
u ommbrax Wy ) no cpasrenmio ¢ MMIl-onenxamu.

Hconenyem craTucTuveckue cpoficrea wuadinennnix MHK-ouenox
3(Z,) u 5(Z,) . Tpeanonaras cymecrpoparue MoMerTos y CB Y n X u

NEPEXONA K NpeZeny B COOTHOUIEHHAX ANA G(Zyp) M 3(_Z-“) npu n — oo,
10 33aKORY GONBIIHX YHCEN NOJyvaeM

~TF WH. Ao
a(Z,) JE, gt 2 ;::f XY, b(fﬂ b2 my —a*mx.

Iipumep 224. Ilycrs umcnosuie xapakTepuctaku CB X o YV
H3BECTHBL My, 6X, MY, OV, FXY , HO OYHKUUOHANLHAA CBA3bL MEHAY
CB X m» Y newapecrua. Paccmorpum uoeye CB P2ax + b, roe a
H b — HeKOTOpBIC BaJAHNDIE IapaMeTpel. Jadaue npedexazanus CB Y
BAKIAIOYALTCA B TOM, wTobBH no mabmonennam (peanusanyam) ,... , %,
MpeACKA3aTh 3HaueHuR Habmionaemolt CB Y ma ocHoBe zaBucHMOCTH
~ A —

Ur = azp + b, k = 1,n, agasg jume wacnopele xapaxrepucthky CB X
n Y. $flcho, 9TC TpeNCKA3HLIBAEMBIE 3HAMERHS Ui OYAYyT OTAHYATLCH
or peammzamuft ¥y CB Y, a TouynocTh npefckazsanua onpefensiercA

napamerpavu ¢ u b. 3anammcs nesmio BRIOpaTE MapamMerpsl ¢ # b TaK,
4TOBH cpednexcadpamusecKan owubxe npedcKazanus 618 MERHMATLHA:

(a%,0%) = argng'iglM [(Y - ?(X,a,b))zl .
ObozHaynm
Qe EM [(Y -P(X,a, b))z] AM[(Y - aX - b)?].

Toraa MOXHO YCTRHOBHTL, I10

Q(a,8) = 03(1 —rky) + (a0x — oyrxy )’ + (my —amx — b)°.
Jnst Toro urobm dymkuma Qa,b) HocrErama muHEMyMa mo a K b,
JOCTATOYHO BHOpaTh

o
a‘ = ik XYy, b = My — a‘mx-

ox

B sTom cnyuae
Q(a*,8") = o} (1 ~r%y).
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3Havenud NapaMeTpoR @¢* H b® COBINANAIOT ¢ OPeneALHEIMH IHAYEHUAMME
onenox @(Z,) u b(Z,), nonysermmsmu 5 npEMepe 22.3.
IIpoaHammsnpyeM MEEAMANILHOE 3HaYeHHe hYyHKIuY

Q(a*,5*) = D[Y —a"X - b"] = 0%.(1 - r%y),

Tak Kak M[Y — a*X — b*] = my — a*mx — b* = 0. Takum obpaszom,
MMeeM

D[Y —a*X - b°]

7%

1 1%y =

Orciopa citenyeT, 9T0 K03 (HIUMENT KODDENAIMH XAPAKTePH3YeT OT-
HOCWTeN:HYIO (B GMHUNAX 62 ) BeINYMHY CDPEJHETO XBaIPATHIECKOTO
orknonenus CB Y or auHefinofl oueHKE Hamiy9merc npuOamxenus

P& x + b*, 1.e. ryxy YUCHCHHO XADAXTEpH3YeT cTenexb JmHeiiHol
cToxacTudeckolt 3apucumocTe Mexxny CB X u Y. Yem 6muxe |rxy|
elARKIE, TeM TecHee OyAyT IPYINHPOBATECA BHIGOPOIHEIE TOUKH (T, Yk )
OKONIO MpAMoit § = a*x 4 b* , nazsipaeMolt npamod cpednexsadpamunecxots
pezpeccuts CB Y na CB X . Ilpu ryy = 1 mmeem DY —aX — b} =
= 0, mosToMy, cornacHo ceoticream MO, CB X m Y ¢ seposiTHOCTRIO 1
smnehno 3asucAMu: YV =a*X 4+ b,

Kak ormewanocs B m. 22.1, Haumywineil cpefHEKBaAPATHYECKOH OLEH-

xot CB Y 1o CB X ssnserca ycioshoe MO Y* = M[Y|X]. B wacr-
A

nocru, ecin Bekrop Z = col(X,Y) — rayccoBckuil, TO M3 TEOPEMBI O

HOPMAJBHON KODPEIALKH CIEAYET, wTo

Y =M[Y|X]=my + i'i!’;‘z‘—" (X - mx),

T. €. HAHAYYIIAS OUEHKS ¥* nunetino zaprent or X 1 COBIIAIAET ¢ OLIEH-
Kolt, monmyyesHoH Briflle ¢ TOMOIRBIC METOAa HAHMEARIIHX KBAJIDATOB NMPH
ycnosus, wTo dynkuna ¢{X) auneitua. Ipadux byuxmpuu §* = M[Y |z}
HazbisaeTcH Aunuet pespeccuu CB YV Ha CB X . B rayccoBckoMm ciyuae
JNHMHHA PErPecCHR — NpAMad. :

22.4. TunoBsle 3afayuf.

3agzaxa 22.1. Hcnonesys manunie Tunosoft sagagu 16.1, mocTponts
NHHEeHHYIO PerPecCHOHHYH MOZeh

Y =aXp+ b+ Wy, k=1,n,

ONMHCHBAINYIC 3asuCHMocTe Mexay CB Y (cpegmaa temmeparypa
aAuBapa B I Anatnpe) ¥ CB X (cpezasaa Temueparypa sHBapsA B
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r. Caparope}. 3amernm, 9T0 pacnpefencHHe cay<afueix ommbox Wy
HEHIBECTHO.

Pemenwne. Insa oneunABaiHA HeW3BECTHHIX NapaMeTpoB a X b
ucnonszyeM MHK. Cornacao mpumepy 22.3, MHK-ouenxu HMeoT BHA;

a(Zn) = Fxv /g._*’, W(Z,) = iy — &(Zn)ix.
X

B nmamnoit samage Fxy = 0,95, dy = 20,09, dx = 22,14, mx =
= 11,87, My = —13,75 (pesynrTar pelenus 3agayn 16.1).

TIpoeeas neoGxonumMere BRUUCAeHM, monyyuM a = 0,91, b= -3.
OTser. a=091, b= --3.

§ 23. Meroa cTaTHCTHY9ECKHX MCIbITAHUIH]

23.1. OcHOBHBIE OOAATHI.

Onpenenenne 23.1. MeTog BLIMHCICHAA HEKOTOPOH AETEPMUHA-
poBaiHOll BENHYHHEI @ KAK CpegHero apHdMerHueckoro Y, He3aBHCH-
MbIX ONEHAKOBO pacupefeneHunlx CB X,,... , X, , nogoOpaHyBIX TaKHM

I.H.
ofpazoM, 4TobLl Y, — @, HAIBIBACTCH MEMOJOM CTNAMUCTIUNECKUT
ucnwmanud {memodom Monme-Kepao) g BelaMcneHus @ .

3amevanue 23.1. B nexkoroprx yuebmmxax meron Moure-Kapno
HASLIBAIOT TAKIKE MEMOoJoM CMAMUCTMUNECK020 MOOCAUPOBENUR, UTO,
Ha Hall B3[NISA, He COBceM KoppektHo. Jemo B TOM, wToe TepMEH
«modeauposaniies HCMONB3YETCA TAKIKE B MeEOputi MOAMEMAMUYECKo20
Modesuposanus IS ONMCAHAS IPONECCA CO3LAHAA MATEMATHYECKHX
Monenei kaknx-nubo aenenuit. [loguepkaem, yTo B MeToge MorTte-Kapao
PevR HACT 0 cmamucudeckod wmMumayuy ucnumanud (OusrroB), a He o
HPOUECCe CO3TaHAA CTATHCTHYECKMX Mofeeli CubITOB.

23.2. Brumcnense geposiTHOCTY COGHITHA.

ITpumep 23.1. PaccMoTpHM NIpHMeHEHHe METONA CTATHCTHYECKHX

HCHEITAaHMIt AN ONEHNBAHAA HCASEeCTHON BepOSTHOCTH p a P(A)

HeKoToporo cobHTHa A. B cooTBeTCTBHY ¢ YCHICHHBIM 3aK0HOM Gonbmux
YuCen 4YacToTd COOBITHR A CXOOWTCA HOYTH HABEPHOE K BePOITHOCTH
cobrrran A, T.e. Wo(A) 2 M(4A)/n 225 p npr n - oo: Kpome
TOro, B COOTBETCTEMH ¢ Tecpemoit Myaepa-Jlannaca cnpaeeniHBo Jpyroe
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APeneNbHOe COOTHOWICHHE IPH 11— OO

t A MA)-np F
n \/ﬁ‘ﬁ

BocronssyeMca STAMH COOTHOIIEHMAMM IS BuIGOpa zapatnupyrouiezo
uucae ucnvimarul N, npu xoropoM MoxHO Gbino 6H ckazaTh, yro CB
M{A)/N <«Gan3xa» k onernBacMolt BepoaTocTn p. Hocrymnm caegyio-
M cmocofom. BHavane 3amaauM TOUHOCTE A OLEHKH BEPOMTHOCTH P!

[M/n —-p| € A, rpe M 2 M(A). Barem nailijieM HANEIKHOCTB ITOK

» U, rtme U~ N(0;1).

OIleHKH, yYHTHBadA, uto W, =,

{2} - {5 <oy }oon (o/E)

3anas AOBEPHTENBAYIO BEPOATHOCTE & £1- O, NONYYEM TPAHCUEHIEHT-
Hoe ypasHeHue 28, (A N/ pq) =4, U3 KOTOPOTC MOXHO HaltTH

Ny = [3(1+s)/2P(1 - P)] +1,

TRe %(146)/2 YAOBNeTBOpseT ycuormo: Bo(x(is)/2) = 8/2, T.8. 2152
STRJIAETCS KBaH.TH.T[bIO yposra (1 + 6)/2 pacnpeaenesns N{(0;1). Ho

BEIHYHHEL p M ¢ = 1 — p sapaHee HeM3IBECTHH, HOSTOMY 3aMEHMM
permaunry p(l — p) Ha ee MAXCHMANLHOE 3HAYEHHE, KOTOPOe, OYEeBUIHO,
Jocruraercst ipu p = 1/2 u pasno 1/4. Iosromy BeGEpaeM

(3?1+5)/z)
Nz = [ (2A) +1.
B stoM npumepe mis BuERcieHEA Ny HeoDXOmHMO 3a88Th YPOBEHL
AoBepUTENLHON BepoaTHocTH § = 1 ~ @ (BTOPHUHLIYE HO OTHOWEHHIO K p)
¥ TOTHOCT: A BHYHCICHUA P.

3ameuanne 23.2. IIpr p > 0,8 o6uuno sagaor A = (1—p)/10 u
i=1-A.

IIpumep 23.2. B npenpaymem nmpuMepe FapaARTHpYIOIDee IUCIO
HCILITaRH 6bic BHIOpAHO ANDHODH, T.€. JI0 OOHITA, M ONHHM K TeM
e AJid BCeX OLEHHBaeMEIX mepoarsocreft p. Ho umrynTuBHO sfcho,
aro Nj Domxno OBITh DA3HYHLIM B 33BHCHMOCTH OT IHAYCHHA P H
OT pea/H3AUMY YHCAR yenelmpnrx hennitamnft M. Hampimep, mycts B
cepur 13 N HCTHTAHAN BCe HCITHITAHES OKAZANHCh YCUSINHHME, T. ¢. M =
= N. Haitaem pns sToro ciydasn sasucimocts Nj(p) rapawrapyromero
neAa MCHMTAHEHE OT JOBepHTENLAON BepoaTHOCTH § = 1 — a u
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oneEABaeMol BepoaTHocT p. C 31Ol HENBI0 PACCMOTDHM, KaK M B

. .
mpumepe 23.1, Hopuuposannyie CB Wy, Ho morpeOyeM RLITONHEHHS
APYToro BepOﬂTHOCTHOI'O YCJIOBKH:

P {If;’NS. wa} =4,

rfie £5 — KBAHTHIb YpoBHA 6 = 1 — o s CTAHIAPTHOTO HOPMAJLIOrO
pacipegerenus IN(0; 1). ITo ycioBHe orpaskaeT HAIle JKeAGHUE JOGUTHCR
TOTO, uTobL yacToTa W, OHIA He MeHLIDEe OLEHMBAEMOR BCPOATHOCTH P
¢ HEKOTOPOit TOYHOCTRIO, T. 8.

* A N N-K ’ N

A .
e K = N — M ects cayvalinoe 4HCIO HeycnelHbIX WCHEITAHHIH.
HelcTBUTENLHO, 3TO HEPABEHCTBO SKEHBAJEHTHO CICAYIOWEMY:

WN “<~ P + 5 M .
N

Ecnu mocnejiHee HEPaBEHCTBO BHIONHEHO IS KOHKDETHO PEallH30BAB-
HIEroCs 3HAYMEHMST YACTOThI, TO MOXKHO HAHEHTHCH (C DOBEPUTENBHON Be-
POSTHOCTEIO &), 4TO HONyYeHHOe 3HAYeHue Wy JAHEOE HeIHAYHTEILHO
MeHsImie BEIIHCAseMoli BepoarHocTH p (cM. Gomee noapoGHO O MOHATHH
JAOBEPUTENLHOTO HHTepEaNa B nyHKTe 19.1). Buibupaa Mrrumanenoe N,
¥AOBJIETBOPHIOMEE MOAYICHHOMY HEPABEHCTHY, T. €. PEIIAA COOTBETCTBY-

_ 2z 2 _ —
oimee XxBagpaTHoe ypasnenue (N — k — Np)? = Naip(l — p), tae &
peanuzaumst K, HAXOAHM

. 2
Ni(o,k) = [2L + z3p + z5/dkp +p2z§] +1

2(1 - p)

B 4acTHOCTH, €CITH BCe MCHLITAHHS OKAZalNCh yCnemHnmMna {cayuaft &k =
=0), To

2
Nj(p,0) = [-13‘%] +1.

Hanpumep, eciim nNpE BEYHCTIEHUR BepoatHocTH p = 0,99 monoxurts,
KAaK pexoMmenayeTcsa B mpumepe 23.1, A = 0,001, § = 1 — a = 0,999,
To m0 GOpMyde H3I Hrore IPHMEDA NOJIYI4EM ANDPHOPHOE 3HaueHHe
TAPAHTHDYIOIETC THCIA menHTaned Ny = 10 300 000, Tak Xak B TOM
crysae o = 3,209. IIpm 7Tex ke JAHHEIX AIOCTEPHODHOE IHAYEHHE
FAPAHTHDPYIOIETO THCIA HEMPEPLIBHO YCHSITHHX HCIKITAHAN OKASLIBACTCH
ramuoro merbire: Ns(p, 0) = 1030.
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IDpumep 23.3. Hcoonnayem Teneph ApYyryic mpelelibHYIO TEOpeMY
Ans pubopa repadTHPYIOIIErO 4YHciaa HeomtTaExd. IlpemmonoxkmM, wro
P > 0,9 u socnonbayemca Teopemol Hyaccona. Ilyern ¢ 21- P —
BePOATHOCTh Heycneiwlnwx ncnnltamuit, a Wy = KJN — wacrora
HeyCTIEIHEIX NenblTankit & cepuy n3 N ucomitanufi, rme K — cayuaiinoe
YHCIO HEYCHEWIHHX HACNLTaumit. B cooTeercTBru ¢ Teopemoit [Iyaccora

opu Sonpmx N ¥ Manux ¢ pacnpeneneHse dacrorel T & Wy moKHO
almpoKCHMEpPOBaTh pachpeneaennem Hyaccona II{Ng), B cooTBeTcTBHH
C KOTODRM HMEeM

=0

Bocnonpayemcs pesyasTaroM m3 npuMepa 19.6, mpuselenHOro B NyHK-
Te 19.3, A NoCTPoeMHs NPaBOCTOPOHHErC NOBEPHTENLHOIO HHTEPBaNa
[0,82], xoTopuitt <HakpbiBaN» 6B HEM3BeCTHHIN MapaMeTp ¢ ¢ JOBepH-
TeNnbHo peposTTHOCTEW ¢ = 1 — . Taxem ofipazoM, nonygaeMm ypaBHeHHe
CBA3H MEXXAy Napamerpamu N, 82, k, o:

k k Ny (NE)
Fr (N) =§]e Nﬂa_ﬂﬂ = .

MoKHO 1OKa3aTh, wre GyHKUMA B J€BOK YaCTH 3TOTC YPABHERWS MOHO-
TolHO yOHBaer o k c poctom N. [losToMy Kopens AAHHOTO YPANCHHA NO
N moxer 6:Th Jerxo HaiiieH, HaNpUMeD ¢ NOMOIILI0 METON3, SUXOTOMHAH.
B uacTHOM cnyuse, Korga B cepHA M3 N acnurasuil BCe UCHBITAHUA
OKAZANKCH yemelmsbivMu, T.€. k = (, To ZadHoe YpaBHEHHE HDPMHAMAET
Gonee npocroit sug e~ V% = . Orcloma HAXOMUM rAPAHTHPYIOMEE UHCIO
HCHORITAHEN [IPH YCHOBEH, ITO BCE HCILITAHHA YCHEUIHbI:

N;:[._ll'(_lg.;;ﬂ]+l

23.3. Boruncnenne oOpedeJIeHHOro WHTErpaa.
NDpumep 23.4. PaccMoTpuM OnpemeneHHEI HETErPal
1

a2 [g(z) dz,
4]

rae g(z) — orpammuennas ma orpeske [0,1] dymxmua (|g(x)] € ¢ <
< oo pmas Beex % € [0,1]). Paccuorpum Takxke CB X, panmomepHO



§ 23] METOR CTATHCTHYECKHX MCTIETAHUA 209

pacmpesielieHHyIo Ha orpezke [0,1], mns xoropoit fx(z) =1, ecan z €
€[0,1], m fx(z) =0, ecm x ¢ [0,1}. Torza ouernyHO, 9TO

+o0 1
Mig(x)] = | s@)ix(z)dz = [g(z)dz = a.
—oe o

Takum ofpasom, 3HAYOHNE OLHPSACHEHHOND HHTerpala MOXHO HalTH

KAK MaTeMaTHueckoe oxugamme CB X2 g(X), rme CB X wumecer
paBHOMEpROe pacnpenencuue Ha orpeske [0,1], X ~ R(0;1). Ilycrs
Teneps NOCNenoBaTeNBHOCTH {Xn}, m = 1,2,..., cocrour #3 CB,
© HE3ABHCHMBIX M PABHOMEPHO PaclpelelieHHbIX Ha oTpeske [0, 1]. Moxuo

ybemaThen, gTo B 3TOM cayvae CB Xné #(Xa), n=12,..., 6ygyr
TaX}Ke HE3aBMCHMEI, OIMHAKOBO pacIpefeliennl ¢ KoHeudniMn MO x
macueperamiu. Tax xax MO CB X,, orDamRMYeHE], TO IO YCMICEHOMY
sakony Gompmmex wuucen (Teopema KoaMmoroposa) mocnemoBaTeibHOCTD

a 1 & 3
CB Y, = ~ 3 X» CXONWTCS NOYTH HaBEPHOE K BENIMMHE @ =

k=1
I.H.
= Mlg(X}], Te. ¥V, —> a npu n — oo. BT0 3HaUUT, YTO,
npoBesisi GOIBIIOE KOMYECTBO ACILITAHAN, MOKHO ¢ BBICOKON TOIHOCTLIO
BBLIYHCINTE 3HAMEHME HHTEIPANa a.

3ameuanue 23.3. Merog Morte-Kapito ummeeT orpoMayio 06aacTh
upnnoxeEns. Hawmbomee cnookmolt npoGnemoit npu ero peanusauny se-
nAeTcA BHIOOP HeoOXOZUMOTO HHCNA HCAMITAHUA 7, TAKOro, TTODL MOIK-
Ho Owuno cauraTnh, uro CB Y, mocrarouno <6amskas k a. Scuwo, uro
W3-32 BLIMMCAHTEJIBHLIX TPYAHOCTE! JKeXaTeNbHO BLIOHPATH BEAHYHHY
71 C BO3MOXKHO MEHBIUMM TAPaRTHPYIOWIMM 3Hauepuem. O003HAYHM 3TO
3HaveHne yepes N. Jns pnfopa N oOL1UHO MCIOALIYIOT LEHTPANL-
HYI0 NPEASNbHYIO TEOpeMy, CUATAs, TO PacupefeNcHie HOPMUpPOBANHON
cymmel Zy CB X, k = 1, N, asasiercs CTAHAAPTHEIM HOPMAALHBIM
pacupenenennes IN(0;1). PaccmoTpuM Ha nprEMepax, Xak BHIGHDaeTes
Beau4duHa N .

Hpramep 23.5. BrifbepeM rapanTHpyollee YHCIO CTATHCTHICCKHX
HCIuTalult N NpE BEMHCICHEH 3HAYCHUA ¢ ONpPEASICHHOTO HHTErpaJa
u3 npaMepa 23.4. PaccmoTtprm gucnepcuio CB X 2 ¢(X), npeanonaras,
wro g(z)#a B g(z) — Henpepuibma,

+oo0 1 1
Dig(X)] = [ (oz) = ) fx(z) d= = [ (9(2) - a)* do < [ (lg(=)] +lal)? d.
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Ilo yenosuam npumepa 23.4 maeem lg{(z)| < ¢, Torma
1 1
lal = |[ (=) de| < &, DGO < [(lot@) + o) e < 42
o 0

Yurem, 910 K nocenoraTensrocTe CB g(X,), n=1,2,..., npuMennma
IEHTPaJIbHAsA MpelebHAd TEOPEMa, B COOTRETCTRHE ¢ koTopo#t CB

Z. & — E l9(Xi) — ma],

" k=1
£ 3
rae o2 & D[E g(Xk)] , My, 2 Mg(X1)}, cxommrea no pacpexeneraio
k=1 .

x CB U ~N(0;1), T.e. Zn —2— U mpu 1= 00.
Hanee, no ycunensomy 3axony GOmbUIMX HHCEIT,

E o(Xx) 25 o £ Mlg(X)},

k:cl

T.e. CB Y, cxogprca movrn HapepHOe K HocTodrHOft a. D10 3HavHT,
yro npu Gommux n CB ¥, «6masxar» x a. Ipeamonosxum, 9To HyXKHO
BHHMCIATE ¢ € TOUHOCTLIY A: ¥, —a] € A. Ilockombky Y, sBasAercs
cnyd4aifnoll BenwuiHOR, BHIACHHM CTENEHDL JZOCTOBEDHOCTH ITOH ONGHKH:

P (%o —al < A} =P {ia~al, [5es <8 [5es b

Tax xax D[g(X)] € 4c%, o

P, —of <8} > P{I¥a - al, [5o < a2 = P{izul < s gL

B coorsercTeun ¢ LT umeem Z, -—f—} U,te

P {|z,;| < Ag} ~ 2%, (Al/z—-f) ,

rze ®olz) 2 -\/% Je_"lzdt. BrifepeM HEKOTODYIO ROBEPHTENBLHYIO
0

BepoATHOCT, & = 1 — @, KoTOopas paBHa TpebyeMON HANEIRHOCTH
BHnonARenHs Hepabercrsa |Y, ~al € A, re. P{|Z,] € Av/n/2} =4.

Sameuanue 23.4. Ha upakrexe semwmay d = 1 — a obmsno
samalor B npexenax 0,98 < § < 1.
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Torya, pemas ypaeuenne 2@ (A\/l_\? / (2c)) = § oruocmrensho N,

MOKHO HARTH rapanTHpyIoliee 4Hcao ucnmtanuit Nj. Oymxuma Polr)
3amaeTcd TADMHYHO, M NO3TOMY /ISl JIOBEpHTENsHOM BeposTHOCTH §
MOXHO HAfiTH TaKoe 3HAYeHHE Z(i+g)/2, UT0 Po(Z(146)/2) = 6/2. Umcno

T(145)/2 ABIACICH KBAHTHILIO yporRa (14 6)/2 pacupegenenua N(0;1).

Taxup obpasoM, momywaem ypasmeswe A VN / (2¢) = za4s)/2, U3
KOTOPOTO JErKO HalTH HCKOMOE SHAa4eHHEe

T B

rAe cumBox [-] osHavaer menyio uwacTb wmcra. IloguepxueM, ¥To Ana
phluncnenus Ny HeoOXOmHMO 3aJaTh TOYHOCTE A OIEHKK BeIMUMHEL &
H YPOBEHD AOBEPHTEIHLHON BEPOITHOCTH & .

B /ARHOM IpHMepe PACCMOTDEH CIy<dail BHTHCACHUA 6 = Mg(X)]
Juisa pasnoMepHo pacupegenessofi CB X ~ R(0; 1) . Arajgoraaso MOXKHO

NOCTYIHTS TPH BHYHCIEHHH @ 4 Mig{X)} pnst mpoussonsmos CB X,
Tako#t, ¥To |a| < co.

23.4. THOBRLIC 3a8a9H.

Sagzava 23.1. HpenpoGopuenif wrrab amgugaTa X B NDpe3HgeHTHI
IPOBONAT CONMOJIOTHYECKHEH ompoc, YToObl ONEHHTE BEPOATHOCTE P
Toro, 4ro usbepatens 6GyayT ronocoBaTh Ha NPEACTONIIMX BuGOPax
sa xkagmumara X. Ckompko wibaparenefi Haz0 OIPOCHTB, YTOBH C
JOBepHTeNbHOR BepoarHocThio (1,95 OTKIOHEHHE WOIYYEHHON OleHKH OT
HECTEHHO BeposTHOCTH P Guuro me Gosee 0,017

Pemeunne. B mauvoit 3amade onpefejicH YpOBeHb AOBEPHTENBLHON
pepoaTHOCTH ¢ = 1 — a = 0,95 B TouyrROCTS: oneEKE A = 0,01.

Ham veobxoaumo BribSparh umcio nabmpareneit Nj, Takoe, uTobw
EBLINIMIAANIOCH COOTHOIEHHE

M
P {IE —p' < 0,01} =0,9.
Cornacno npemepy 23.1, nMeem
Ns = ["(H»J)/:P(l P)] +1,

e Tassye = 1,96 — xeawtHae ypoes 0,975 crampapTHore rayc-
coBckoro pacnpegenenns N(0;1), a semumyuna p(l — p) 3amensercs ee
MAKCHUMAJBHAIM 3HAYEHHEM, PabHbIM 1/4. :

Tiporena HeoOxomAMbIe BLIMHCAEHHS, NIONYIHM, IT0 TAPAHTUPYIOMEE
YHCAC ONPOLIEHHNX wabuparenelt Nz = 8605.

OTser. N;=9605.
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§ 24. 3apa4yn ANS CAMOCTOATEJILHOIO PEIICHAS

1. AwnTpononor cobGRpaerca H3y4aTh obaTaTeNell HEKOTOPOro OCTPORA.
Og HaMepEeH OUEHATE MPONEHT HaceneHHs ¢ 1-# rpynnoil kposu, 1 6yzer
YEAOBAETEOPEH, €CIK 3TOT MPOHEHT OKAMKETCA NPABHILHLIM B HpEAcTax
+3% . CKobXO OCTPOBHTAH aHTPONOJNIOT JOJDKEH BHOPATH A M3ydeRus
HX TPYANHL KPOBH, €CJIM OH CUMTaeT JOOYCTHMEHIM TapPaHTHPOBAThL CBOH
BEIBOANL! ¢ AoBeprreanHolf BepoarHocTeio 1 —a = 0,95,

2. Hzsecrao, 9ro 2% macenenua Hexoroporo ropona GomsHer TyHep-
xynezoM. CKolbKo XUTenel TOT0 ropofa HY:KHe o0CIefoBaThL, YTOGH
cpegy obcrepyembix Gonbhble TyBepkynesom cocrasnsan 2 + 0,2% c
BEpOATHOCTEIO ! —a=10,997

3. Ha xuMuyecKkoM NPOM3BOACTBE NOAYYEHDB! CNEAYIONBE HaHHBIE O
3ABMCHMOCTH BLIXOMA NPOAYKTAa Y [Kr/49ac] oT Temmeparyphi peakums
X [°C]:

TaGnnaua 24.1

51 32 80 73 G4 45 83 44 93
52,7152 | 895 | 94,8 | 76,0 | 39,3 | 1148 | 36,5 | 1374
28 35 40 29 53 58 65 75
53 120,7 | 21,7} 92 | 554|643 | 79,1 | 101,1

[Pl ]

TIpenonarast, YTo 3aBUCAMOCTL MekAy X H Y onnceisaeTcs MOAENLIO
npocToil nuuefinoll perpeccaM, noctpoute MHK-onenks HemspecTHBIX
IapaMeTpos. :

4. PesynpTaThl m3MepeEns Temneparypnl T xopmyca pabGoratoine-
TO arperaTa, NPOH3BOJHMLIE ¢ HHTEPBAJOM D MHH, TIPEJCTABJEHEI B
Ta6n. 24.2.

Tadauna 24.2

Efaun] [ 5 10 15 | 20 | 25
TPC) | 59,3 | 59,8 | 60,1 | 64,9 | 70,2

CruuTas, 9T0 3AaBACHMOCTD MEXCAY PTHMH HepeMeHHBIMH HMeeT By T =
= ) + 5t +0st?, vattry MHK-onesKn Hen3BeCTHEX mapaMeTpos 8y, fp
H 93 .



OTBETHI

Faaga J":'! 1 \ .
1
1.a) —l—,z—npnlngISHIHpﬂk>18 6) 736} 8) 106
2. 3. P(4)= P(B) ; P(C) = 1 . 4. P(4) = CiCl
' 720 = + cE
_c¥+CcB . _ cicz 365! 1
P(B)= C% ’P(C)_ cgg -8 (365 — r)1365" 6%
2639 3 1
7. 337% 02’3237. 8. 0,082. 9. 0,405. 10. = ~0,012. 11. &) = ;

6) 75 8) 310 . 12, Ykazanme: HCCIEAOBATE DABROBEPOATHOCTE MTPEIIIO-
enmunuIx xoMbrnarui. 13. ¢) 0,009; 6) 0,38. 14, 0,25. 15. a) 0,753;

250 —14 n—2 r—2 .
6) g 107116, ( 4) . 17. 0,0000189. 18. 0,001. 19. 3a-
2

Bucumei. 20. Bepro. 21. 15 . 22. He mence 298. 23. 0,962. 24. 2.
25. 0. 26. 0,187. 27. 0,2304. 28. Her. 29. Moxso. 30. Bepro. 31. 1.
32. Bepno. 33. B ciyuae necopmecTHEIX A u B, 34. g 35. Cos-

mecTHH. 36. 1. 37. 3asmcumsi, HecoBmecTrr. 38. Hezanucumur. 39. 3a-
BucuMu. 40. 0,704. 41. 0,1. 42. 0,0028. 43. a) 0,782; 6) 0,16356.

44. 2p—p? . 45, %.46. P(B|A)~0,3876; P(_ |4)~0,6124; P(B[A)~

— 2 1
~ 0,1022; P(B[A) ~ 0,8078. 47. - u ;.48 1- —, oyt

(_I)n—l 2n—k
+ 50— a0 Ok ( ) .50. 0,5.51.0.) 0,1468; 6) 0,0437.

n—-k

52. 0,0307. 53. 0,6647. 54. 0,7748. 55. &)} 0,3281; 6) 0,4095.
£6. I'umoTesaMu sBITIOTCH HABOPH! ooﬁu'rnﬂ 1 u 4. 57. Bespazmuuno,

Bepomom GHATH SK3AMCHA DAaBHa o . 58, 0,455. 59. 0,6405. 60. Her.

6l. E . 82, Moxer. 63. -5 . B4, 0,2941. 65. B 3-10 dupmy. 66, Moxer.
67. Moxer. 68. Her. 69. Moryr. 70. P{H;|H,) = 1, P(H|H,) =

= P(H|Hy) = 0. 72. 2, _P2_ 73 038596. 74. )
(Hs|Hy) = 0. 72 e 73. 0,8596. 74 o,s(si)

75. 0,5375. 76. a) 0019. 6) 0,3158; 77. 0,2. 78. 0,4286. 79. ;.
80. o) 0,5787; 6) 0,0017. 81. a) 0,1154; 6) 0,3293. 82. 0,3288,
83. a) 6) 0,064. 84. 0,995. 85. 0,4.

1
30’
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nana Ne 2

1. He smnaerca. 2. Her. 3. Herepro. 4. &) 3,5; 6) —0,575; ) 1,495.
5. HanfBonee BepoATHOE 3HAYEHHE PABEO 1, HANMEHEE BePOSTHOS 3IHAYCHNE
paeso 4. 6. M[X] . D[Y] > M[Y] - D{X]. 7. 1. 8. Ona nobeix z.
9. Fx(1/2) = Fx (-1/2) = 1/2. 10. Bi(1;0,8). 11. Paeuur. 12. 0.
13. a) Ha: 6) Ha. 14. 0,488 15. 0 u 1.16. 1.17. Pagum. 18, Hsasierca.
19. P{X < MX}}=P{{X] > M[X]}; P{}X - M[x)| < DX} =
. 20. Oux pasust. 21. Ouyu pasuet. 22. M[X] = D[X]=M[Y] =

=D{Y]-1 23. P{0<X<1}<P{0<Y<1} 24. X ~ Bi{(15;p),
p-—— 25, M{T| = 4—-— 26. a) 100 Thic. py6.; 6) 30; 6) 100 TwIC.
pyb. 27. M[X] = 2,108, D[X]-19588 28. a) M[X] = 60, D[X] =

= 42; 6) C%,{0,3)%°(0,7)¥°. 29. 1. 30. 16, 3,2. 31. Cpemutit
Baurpeiny — 79 pyGreit. 32. M{X] = 2000, ox = 40. 33. & = 1/4,

&l“

Q, z € (—o0, 1],

3(z+1)/4, ze€(-1,0} 41
F(z) = < 3/4, z € (0,1}, M2 - XX ~3)] = ~ 5

1/2+z/4, x€(1,2],

1, z € (2,00],

D[2 - 3X) = 3 . 34. 0,1168. 35. M[X] = 10, D[X] = 100, M[X? =

= 200. 38. 0,082. 37. a(l — p} +pb. 38. Byaer. 39. Fx{fyr(M[X])) >
> F(fx(M[Y])). 40. 1 — e™'. 41, Fx(M[X]) > fx(M[X]},
Fx(-MIX]) = fx(-M[X). 42. 0. 43. PX < MIX]} < P{X >
> DI|X]}. 44. % 45. ~16, 1~ ¢, 1. 46. 2, 2, = 5 Z'
47. Jnst X mepostrocts Gomsme. 48. 0,5, 153, 81. 49. =10 50. 45,99.

51. 2. 52. 3. 53. 'EQFQ 54.a)a,<0,b=—;1r-,(nnna>0,
1
b"';)s C—-— )f(x)

W
I'napa Ne 3
1. Boo6me rosops, mer. 2. 0,84. 3. M[X3 - ¥?2] = -2 4. M[X +Y)=
=1 (X+Y)~Bi(%3).5.6) M{X] =0, MlY]= T, MIX +

+Y)= 11- , DX + Y]~0,8055, panercraa cnpanenues. 6. 0. 7. 0,669.

8.4) g= i ; 6) Hesamacumet. 9. CB X n YV neamcnuuuﬂexoppenn-

POBAHHEL. 10 Her. 11. SIBaserca. 12. Byger. 13. kxx =1.14. kxy =

15. a) rxy = 1; 6)rxy = —-1. 168. kxy = 0. 17T. 3,35.
18. Haufomee BepoATHEIM IpPeTeHASHTOM OT Iepeoro GJOKa
ABAACTCA NEPBHI MPETEeHAEHT, & OT BTOPOIO — BTOPOft OperemjieHt,
rxy = 0,27. 189. BepoaTHocTs =BCcTpeTuts Jedexr B & 0,0118.
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Kospdbummenr xoppensmuuz = 0,066. 20. U ~ Bi(l1;0,67).

~(ztpy)
2 fwn = T TR
3HaueHHe uCKOMOM meposTHOcTH paBHo (1 — eA)(1 — e7H).

10 3 3
22. 0,1077 23. ( 01 )-.‘ 24, a) 5-8' H 6) E .
(In2)22-=+9), 320,y 20,
25. a) flz,¥) = { 0 — b oc P—— 6) 0,0208.

I'nasa Nt 4

1. % . 2. Namenennan Bepxpgs TpaHuma: 70; oleNKa, MOAYYEHHAs C

nomompio HepaseHcTsa Yebounesa: 0,88125 ; yrounenas ouenxa: 0,99626.
3. 325562, 4. HPKMBHBM. 5. Ouenka, noay4eRHas ¢ HOMOIIBIO
HEpPaBEHCTEA ‘-Ie6umena' n 2 5469; yToumemas ouenka: n = 1792,

6. (26205, 33795). 7. =.8. p< 0,245. 9. p > 0,6094. 10. Mpavetnm.

11. p £ -;— 12. =z 416 13. Onenga, nOIyIeHHAs ¢ IIOMOIOBIO

HEPABCHCTEA '-Ie65uueBa p 2 0; yrounenas omemxka: p 2 0,64762.
14. OneExa, nOIyYeHHag ¢ NIOMOIOBI0 HEDABEHCTBa ‘JeDHIImeRa:
n 2 12 000; yrouneHas onenxa: n 2 2305. 15. &) 0,0261; 6) 0,9715.
16. % . 17. He menee 24 438 peresxuprx equmnn,. 18. n =975,

I'naBa Ne 5

2. 8 = 093. 3. Ay = 165,77, dx = 34,24. 4. [-17,22,-10,28].
5. [10,35,54,79]. 6. Hy; npumamaerca. 7. H; npuunmaercs.
8. Hy npusumaerca. 9. Pesymptar pgelicTBMs JieKapcTBa He
3aBUCHT OT cnocoba ero npemesmenws. 10. Hy npuaEMaerca,
11. 'unoreza 0 HE3ABHCHMOCTH OTBEPIACTCA.

I'nana N 6
1. 1068. 2. 32617. 3. y = —48,594+1,94x. 4. T = 61,84 ~0,67¢ + 0,044



TABJIAIEI

r
1. ®yaxnna Jlannaca Bylz) L Je" 2 4t
Vo !
z 0 1 2 3 4 5 6 7 8 g
0,0 15,0000 | 0039 | ,007¢ | 0119 | ,0150 { ,0199 | ,0239 | ,0279 [ 0318 | ,0358
0,1 | ,0398 | ,0438 | 0477 | 0517 | 0856 | 0506 | ,0835 | 0874 | 0714 | 0753
0,2 0792 | ,0831 | ,0870 | ,0909 | ,0048 | 0987 | ,1025 | ;1064 | ,1102 | 1140
0,3 1178 | 21217 | ,1255 | ,1293 | ,1330 | ,1368 | ,1408 1 ,1443 | ,1480 | ,1517
0,4 1854 | 1591 | 1627 | 664 | 1700 { ,1736 | ,1772 | ,1808 | ,1843 | ,1879
0,5 1914 | ,1945 | ,1984 | ,2019 | ,2054 | ,2088 | ,2122 [ ,2156 2190 ,2224
06 | ,2257 | ,2000 | 2323 | ,2356 | ,2389 | 2421 2453 | 2485 | 2517 | 2549
0,7 | .2580 | 2611 | 2642 | 2673 | ,2703 | 2733 [ 2763 | 2793 | ,2823 | ,2852
0,8 | ,2881 [ ,2010 [ ,2938 | ,2067 | ,2995 | ,3023 | ,3051 | ,3078 | 3105 | ,3132
09 | 3158 3188 | 3212 | L3208 3263 | 3289 | ,3314 | ,3330 | ,3364 | ,3389
1,0 | ,3413 | ,3437 | ,3461 | ,3485 | ,3508 | ,3531 | ,3554 | ,3576 | ,35990 | ,3621
1,1 | 3643 | ,3665 | ,3686 | 3707 | 3728 | 3749 | ,3769 | ,3780 | ,3810 | ,3829
1,2 | ,3849 | ,3868 | ,3887 | ,3908 | ,3925 | ,3943 | ,3061 | ,3979 | ,3007 | .4014
1,3 | ,4032 | 4049 | ,4065 | ,4082 | 4008 | 4114 | ,4130 | 4146 | 4162 | 4177
1,4 | 4182 | 4207 | 4222 | 4236 | 4250 | 4264 | 4278 | 4202 | 4305 | ,4318
1,5 | 4331 | 4344 | 4357 | 4369 | 4382 | ,4394 | 4408 | 4417 | 4420 | 4440
1,6 | 4452 | 4463 | 4473 | ,4484 | 4405 | 4505 | ,4515 | 4525 | 4535 | ,4544
1.7 | 4584 | .a563 | 4572 | 4581 | 4500 | 4590 | 4608 | 4616 | 4624 | 4632
1,8 | 4640 | 4648 | 4656 | ,4663 | 4671 [ 4678 | 4685 | 4692 | 4699 | 4706
1,0 | 4am2 | 4719 | 4725 | 4732 | 4738 | 4744 | 4750 | 4756 | A4T61 | 4767
20 | 4772 | AT7T | 4783 | 4788 | 4793 | ,4798 | 4808 | ,4807 | ,4812 | ,4816
2,1 | ,4821 | ,4825 4830 | 4834 | 4838 | 4842 | 4846 | 4850 | 4853 | ,4857
2,2 | 4861 | 4864 | 4867 | 4871 | 4874 | 4877 | 4880 | 4884 | 4887 | 4889
2,3 | ,4892 | ,4895 | ,4598 | 4901 | ,4903 | ,4906 | 4908 | 4911 | 4913 | ,4915
24 | ,4918 | ,4920 | ,4922 | 4924 | ,4926 | ,4928 | ,4930 | 4932 | ,4934 | 4036
2,5 | 4937 | 4930 | 4941 | 4943 | 4944 | 4946 | 4947 | ,4949 | 4950 | ,4952
2,6 | 4053 | 4984 | 4956 | 4087 | 4958 | 4950 | 4960 | ,4962 | 4063 | 4984
2,7 | ,4965 | ,4966 | 4967 | 4968 | ,4969 | 4970 | 4971 | 4972 | 4972 | 4973
28 | 4974 | 4975 | 4976 | 4976 | 4077 | 4978 | 4978 | 4979 | 4980 14980
2,9 | 4981 | 4981 | 4982 | 4983 | 4983 | ,4984 | ,4984 | ,4985 | 4085 | ,4986
3,0 | 49865
35 | 399767
40 | ,4509683
45 | 4995566
50 | 49999071




TABHLIE ri¥a
2. Kpantam z,(n) ypoBHA @ PACIIpeeNieHus x4(n):
P{X € 24(n)} =a
\a 0,05 0,1 0,2 0,3 0,5 0,7 0.8 09 | 095
1 0001 00z | 006 ] 015| 046 ] 107 | 164 27| 384
2 000] o092t | 045| o071 | 1,38 ] 241 322 4607 599
3 035 | 088 | 101 | 142 | 237 | 366 | 464 625 | 782
4 o71 | 1,06 | 165 22| 336 | 488 59 | 7,78 | 0949
5 115 | 161 | 234 300} 435} 606 | 7,20 | 924 | 11,07
6 185 | 2201 307 38| 535 | 7,23 | 856 | 1064 12,50
7 217 | 2831 382| 467 | 685 | 838 | 980 | 1202 | 14,07
8 273 { 349 450 | 553 | 7,34 | 952 | 11,03 | 13,36 | 15,51
9 332 | 417 | 508 | 639 | 834 | 1066 | 12,24 | 14,68 | 16,92
10 394 | 436 | 618 | 727 | 9,34 | 1,78 | 13,44 | 1599 | 18,31
11 458 | 558 | 6,99 | 816 | 10,34 | 12,90 | 14,63 | 17,28 | 19,68
12 523 | 630 | 7.81| 9,08 | 11,34 | 14,01 | 1581 | 18,55 | 21,08
13 580 | 704 863 | 993/ 1234 ] 1512 | 16,98 { 19,81 | 22,36
14 657 | 7,79 | 947 1082 13,34 | 16,22 | 18,15 | 21,06 | 23,69
15 726 | 855 | 1031 ] 11,72 { 14,34 | 17,32 | 29,31 | 22,32 | 25,00
16 706 | 931 | 11,15 | 12,62 | 1534 | 18,42 | 2047 | 23,54 | 26,29
17 8,67 | 10,08 | 12,00 | 13,53 | 16,34 | 19,51 | 21,62 | 24,78 | 27,60
18 039 | 10,86 | 12,36 | 14,44 | 17,34 20,60 | 2276 | 25,59 | 28,87
19 10,11 | 11,65 | 13,72 | 15,35 | 18,34 | 21,70 | 23,90 | 27,20 | 30,14
a0 | 1085 | 12,44 | 14,58 | 16,27 | 19,34 | 22,80 | 25,04 | 28,41 | 3141
21 1150 | 1324 | 15,44 { 17,18 | 20,30 | 23,90 | 26,17 | 29,61 | 32,67
22 | 12,34 | 14,04 | 16,31 | 18,10 | 21,30 | 24,90 | 27,30 | 30,81 | 33,92
23 | 13,09 | 14,85 | 17,09 | 19,02 | 22,30 | 26,00 | 28,43 | 32,01 } 35,17
24 13,85 | 15,66 | 18,06 | 19,94 | 23,30 | 27,10 | 29,55 | 33,20 | 36,42
25 1461 | 16,47 | 18,94 | 20,90 | 24,30 | 28,20 | 30,78 | 34,38 | 37,65
26 1538 | 17,20 | 19,82 | 21,80 | 25,30 | 29,20 | 31,80 { 35,56 | 38,89
27 | 1615 | 1811 | 20,70 | 22,70 | 26,30 | 30,30 | 32,91 [ 36,74 | 40,11
28 | 1693 | 18,94 | 21,60 | 23,60 | 27,30 | 31,40 | 34,08 | 37,92 | 41,34
20 | 1771 | 19,77 | 22,50 | 24,60 | 28,30 | 32,50 | 35,14 | 39,09 | 42,56
30 18.49 | 20,60 | 23,40 | 25,50 | 29,30 | 33,50 | 36,26 | 40,26 | 43,77
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TABAHUE

3. Ksantuay tan (n) yposus

2

P{T<tap(m} =277

etl pacnpeyencuua S (n):

n\i 0,2 0,6
1 0,325 | 1,376 |
2 0,289 | 1,061
3 0,277 | 0,978
4 0,271 | 0,941
5 0,267 | 0,920
6 0,265 | 0,906
7 0,263 | 0,898
8 0,262 | 0,889
9 0,261 | 0,883
10 | 0,260 | 0,879
11 | 0,260 | 0,876
12 | 0,259 | 0,873
13 | 0,259 | 0,870
14 | 0,258 | 0,868
15 | 0,258 | 0,866
16 | 0,258 | 0,865
17 | 0,287 | 0,863
18 | 0,257 | 0,862
19 | 0,257 | 0,861
20 | 0,257 | 0,860
21 | 0,257 | 0,859
22 | 0,256 | 0,858
23 | 0,256 | 0,858
24 | 0,256 | 0,857
25 | 0,256 { 0,856
26 | 0,256 | 0,856
27 | 0,256 | 0,855
28 { 0,266 | 0,855
29 | 0,256 | 0,854
30 | 0,256 | 0,854
40 | 0,255 | 0,851
60 | 0254 | 0,848
120 | 0,254 | 0,845
oo | 0253 | 0842

0,8 0,9 095 | 098
73,078 | 6,314 | 12,706 | 31,821
1,886 { 2,926 | 4,303 | 6,965
1,638 | 2,353 | 3,182 | 4,541
1533 | 2132 | 2776 | 3747
1476 | 2,015 | 2,571 | 3,365
1,440 | 1,943 | 2447 | 3,143
1,415 | 1,805 | 2,365 | 2,998
1,397 | 1,860 | 2,306 | 2,896
1,383 | 1,838 | 2,282 | 2,821
1,372 | 1,812 | 2,228 | 2,764
1,363 | 1,796 | 2201 | 278
1,356 | 1,782 { 2179 | 2,681
1,350 | 1,771 | 260 | 2650
1,345 | 1,761 | 2145 | 2624
1,341 | 1,753 | 2,131 | 2,602
1,337 | 1,746 | 2120 | 2583
1,333 | 1,740 | 2,110 { 2,567
1,330 | 1,734 | 2100 | 2552
1,328 | 1,729 | 2,008 | 2,630
1,325 | 1,725 | 2088 | 2528
1,323 | 1,721 | 2080 ! 2518
1,321 | 1,717 | 2,074 | 2,508
1,319 | 1,114 | 2069 1 2,500
1,318 | 1,711 | 2,064 | 2,492
1,316 | 1,708 | 2,060 | 2,485
1,316 | 1,708 | 2,056 | 2,479
1,314 | 1,703 | 2052 | 2,473
1,313 | 1,701 | 2,048 | 2,467
1,311 | 1,689 | 2045 | 2,462
1,310 { 1,607 | 2042 | 2457
1,303 | 1,684 | 2021 | 2,423
1,206 | 1,671 | 2000 | 2,390
1,289 | 1,658 | 1,980 | 2,358
1,282 | 1,645 | 1960 | 2,326

0,99 0,999
| 63,657 | 636,619
9,925 | 31,598
5841 | 12941
4,504 8,610
4,032 6,859
3,707 5,959
3,409 5,405
3,355 5,041
3,250 4,781
3,169 4,587
3,106 4,437
3,055 4,318
3,012 4,221
2,977 4,140
2,947 4,073
2,921 4,015
2,898 3,965
2,878 3,922
2,861 3,883
2,845 3,850
2,831 3,319
2,819 3,792
2,807 3,767
2,797 3,745
2,787 3,726
2,779 3,707
2,771 3,650
2,763 3,674
2,756 3,659
2,750 3,646
2,704 8,551
2,660 3,460
2,617 3,373
2,576 3,201
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Kpuprie [Inpcona 161

— Crrionenta 163

— $mmepa 164

Kpurepnil crarucrudeckuti 183

— xu-ksagapar ([Tupcoua) 186, 188,
189 ’

— achdexktunnocta 168

Kprradeckan obaacts 183

Jlmana perpeccnn 204

MM-ouenxa 172

MHK-ouenka 199, 202

MIT-onenka 169

MaremaTuveckoe oxunganne CB 58

— — ycaoenoe 109, 110

— — n-Mepuci CB 119

Marprna xopapuaumponsas 119

— goppensumonnas 120

— oprorodanpHaa 175

— nnaxa 199

— perpeccuoHHag 199

Meauana 62

Meron MaxkcAManbHOTO NPaBAONORO-
6ua 170

— MOMeRTOB 172

— HauMeHblnNX xBajparos 199, 202

~ CTATHCTHIECKNX HCTILITAHM
{MonTe—Kapsno) 205

Muoroyronsung pacnpegenenns 55

MomerTE:  cnyualiHoll  BeSMTHHL
HaYaANbLHKeE 59

— — — — BuGopoynsbie 157

— — — HEHTpansuLle 59

— — - — peibopounnie 157

Heparpencreo Pao-Kpamepa 168
— YeGrmena 134
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Obaacts posepaTensuan 183

~— KpHTH4ecKad 183

Onmir 13

— cpofamMicH K cxeMe cnydaep 19

Orxnuk 198

Ouerka uTepBansHaa 174

— MAKCHMAJIBHOTO  mpaspononobus
169

— METOTA MOMEHTOR 172

~— — HauMeHLIIHX KBaJApaTos 199, 202

— HecMellengas 165

-- pobacTrad 203

- cocTosTeAbRAR 166

— — cHAEBHO 166

- ToyegHas (Beibopounas) 165

— adpdpexrrenaga 166

— R-stpdexrnenan 168

Onmbka l-ro (2-ro) pona 184

— NPENCKASAHNA  CPeLHCKBAIPATHYE-
ckaa 203

Ilnay sxcnepumenta 198

TlnoTtHocTL pacnpepenenns (weposT-
AocT) apymepnoll CB 96

— — ARyMepHOH HOPMANBHO DPACcHpEe-
neneanoit CB 113

— — ciygalinoli Benuunnsl 56

— — ycnoenasg 107

— — n-mcpuofl CB 119

IMonwuron wactor 157

IMonpasxn Iilenmapna 188

Ilopanxosas craTHeTRKA 153

— IKCTpeMasbpHag 153

ITpasuac «k curmy 82

IIpocrpancree BeiGopounoe 152

— ssreMenTapHEIX cobhrruii 13

paman CcpeAHEKBaApATHIeCKOM
perpeccru 204

Paspsazn 156

Pacnpenenenne Bepnynnu 70
— Betifynna 82

—~ Komn 163

— [lyaccona 71

— Ctozenra 162

— COamepa 164

— GunomuankHoe 68

~— NorHopManbroe 83

— wopmaibroe (rayccoBekoe) 79
— paBHOMepHOE T6

~ Tpeyroubaoe (Cumncona) 99

-— xu-Kpagpar 161

-- 3KCOOHEHIMAALHOe T8
Peanuzanps suiGopry 152
— cayuqalinoli sermauner 53
Perpeccus 109

— mapabonnueckaa 200

— npocTan nAaednan 201
Perpeccop 198

Pemaromee npasuio 183
Psagn eapuanpoansili 153

— paciipelenenns 54
-~ eTarrcTHYeCcKH 156

CeroftcTeo cueTHOll AZAUTHBHOCTH Be-
posTHOCTRH 32

— ycrofiyusocTs wacToTH 13, 16

Cucrema ypagueunft MeTosa MOMEH-
ToB 172

-~ — npasgononobes 170

Cry=ait 19

-- BMArONPAATCTEYIOMMI CofLITHIO 19

Crnyvaiinas Benyuvna 53

~— — abCcOmOTHO HelpepbIBHAR 56

- — AByMepHaa 93

- - — NHCKpeTHas 95

— — — HenpepwBsHada 96

~ ~ JHCKpeTHadA 54

— — yenpepsiknaa 56

— — nopMannhas (rayccoBckas) 79

— — ~—— cTaHOApTHas B0

— — AOpMupoBantas 59

— — cuuryasapnaa 56

— — leHTpHpoBaHHas 59

— — n-Mepeag 119

— — — HOPMaALHO pacnpeAeneHHasT
122

Cayuaitnas nocnegosarensHocTs 135

— — resasrcumsix CB 131

Cayyalinnie BenMUYAN KOPPETHPOBAH-
nele 111

— -— — oTpuOaTensHo 112

— — — nonoxaTenbno 112

— — "ezapucEMele 95, 120

— ~— HeKoppeAMpoBanusie 111

— — — nonapuce 120

Cnyuaitunil zexTop 93

Cobrrrue 13, 16

— nocTopepHoe 14

— HeBoO3MoOZXRHOE 13

— T0YTH HAKOLHA He npoucxofmmee 17

— NPORCXOAATIES MOTTH HabepHoe 17
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— OPOTHBONONOIKHOE 14

— cayyaiinoe 13, 16

— siieMeHTApHOE 13

ColmiTuii nponseenenne 14

— pasrocTs 14

- cymma 14

CobriTa HezaBUCHMEIe 30

—-- - B COBOKYIHOCTE 30

— - nonapso 30

— HecOBMECTHRIe 14

— paEkHule 14

Cpennee spifopoadoe 157

- anauenne CB 58

— KBRIPaTHYECKOE oTKNoHeHNe CB 59

Craracraka 153

— nopgaxosast 153

— — pKeTpeManbHaa 153

— HeHTpanbHas 174

CraTHcrnyeckas runoTeaa 183

— — aAbLTepHATHEHaA 183

-~ — OoCHOBHas 183

-~ — mpocTasa 183

— — caoXKAaq 183

CraracTAiecKkas Mogenn 153

— — napamerprdecKan 153

— — — perynsapHaa 167

Crarucruyieckuit xpurepuit 183

Cxema Bepuymm 33

— Taycca—Mapkosa 199

CxogumocTs cny4afinoit nocie-
FOBATENEHOCTH B CpeAHeM
KBaapaTideckoM 134

e w— - [I0 BEpOATHOCTH 133

— — — — pacupeaeyenmo 132

— — — noaTn HasepHoe 133

Teopema Beprynnu 137

— Iaycca—Mapkosa 199

— nuserko-Kanrenmm 155
— Komuoroposa 137

~ Jlanyrosa 142

— Myappa—Jlannaca 144

— — MHTerpanbHaa 145

— — aokannHadg 145

— Tyaccona 72

— Dpmepa 176

— Yelrnmepa 136

— 0 HopmaabLiofl Koppensanun 114

~ UEHTPANLHAA Opefenbian 141

YposecHL aosepus 174

— 3HAYAMOCTH 184

— HagexxxocTa 174

Venosne Jlamysora 141

-— HE3ABHCHMOCTH T2

— wopMHpoBKn §9, 56, 95

-~ OPOMHAPHOCTH 72

— CTAmHOHAPHOCTA T2

VYenopHasds MIOTHOCTh PacHpeneseHns
(pepomTHOCTH) 107

-— ¢yHrOEs pacopezencHus 105

®opmyna Batteca 34

— Bepaynnn 34

— KJIBCCAYECKAS BEITHCIEHUs BEpOST-
rocti 20

— MONHOIG MATEMATHICCKOTO OXMUAL-
nug 110

- nonHoit BepoaTHOCTH 33

— CBEPTKH NNeTHoCTeil 98

— CAXKeHUA EeponTHOCTER 32

— yMHOMeHHS BepoarHocredt 30

Dyukous Jlannaca 80

— eAMBUYHAH cTyneHIaTas (Xesucafi-
Ba) 55

— npasacnonobus 166

— — norapudmuveckas 167

— pacnpeaencnns

— — BBIGOpOYHAA
155

— — npymepnoit CB 93

~ — cayJatiHoft BeHynHb! 53

— — ycaoBAas 105

— — n-mepuolt CB 119

- TeopeTHYeckoit perpeccun 198

— XapaKTepHcTH4ecKas 61

{sMuAprYeckan)

LlenTpanibuas npefensHasi Teopema
141

Yacrora cobeiras 15

-~ ¢ycmexoe» 137, 144

Uncno nCnbrTaHHfl  rapaHTHpYlolOee
206

— NepecTAHOBOK 23

-= coueraHuft 28

o -anrefipa 16





