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Bwasenun P(W) nnn weckonexnx awavewnh n npusegens: s TaSnwue 3.
Ha wee snawo, wTo BeponTHocTs P(IV), kax dymkuns m, Geictpo cxomn-
€8, W WATHWan ¢ n = 7 NAKTWWECKW COBNAIAeT ¢ MpeleNoM MpH 7 — 00
71 22 0.3679. 3Havienwe npeena HOBONBHO HEOXWIANKO ¢ MosWuHH “31pa-
Boro cueicna”. Tlocnemniit MOICKA3EIBALT, UTO €CAN HE B 3PHTENLHOM 3ane,
To Ha TPHGYHaX CTANHOWA KTO-To Bee e 3aliMeT KymnenHoe Mecto. Camble
HoTownsle 0BpaTAT BHWMaNWe Ha Gonee Tomkih adexT “WecvacTamBE
weTHbIX aicen: BepoATHOCTS, 4T0 HHKOMY He MOCHACTAWBHTCA CecTo Ha. cBoe
MecTo B 3ane C YETHBIM KOMHYECTBOM Kpecen, Golbllle v Ta e BepOAT-

HOCTE € HEYETHEIM, Ha. EIHHHILY MEHBUINM, THCIIOM MeCT.
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OcHoOBaHHA TeOpHH
BepoATHOCTEH

B 370l r1aBe WHTaTeNb O3HAKOMHTCA C KIIIOWEBBIMH TONATHAMH TEOPHH
BepoATHOCTeM, HEOGXOINMBIMI A/1A eweH A Mpobnes, BOHHKAIONY B ca-
MBI Pa3HOOBPAZHEIX HHIKEHEPHBIX, SKOHOMISECKHX, I MHOTHX APYTWX obna-
TR Yenobeveckol QEATENLHOCTH.

1.1 CayualiHble ABNeHUA

JIanKEN Kype MOCBAUER W3YYEHWH TeOpHN BepoATHOCTeN, cny<alHEnx
MpoteccoB, MATEMATH YKol CTATHCTHIH W WX MDHAOIKEHAM B HAYKE i HH-
xenepuir. Ho Mpesxie 4em nepeliTh K HEMOCPEICTBERHOMY OBCYKICHNIO Be-
POATHOCTHEIX W CTATHCTHYECKHY SAKOHOMEDHOCTEN, HATOMHNHM MPHIHKEI, M0
KOTOPEIM TeOpWA BEpOATHOCTEN W CTATHCTHKA HIPAIOT TAKYK BAXHYIO POb
B coBpemennoli HayKe i TexHmKe.

1.1.1 Mcnuiranne n cryuainoe cobmine

Yo e waysaeT Teopwa sepoaTHocTeN? [lo €@ BOSHHKHOBEHNA OCHOBHEIM
OBLEKTOM WCCNENOBANHA (HINKOS, XHMHKOB W WHIKEHEPOB GRIIN ABMEHWA,
B KOTOpHIX YC/IOBHA OMBITA OIHO3HANHO OMpenenAnW ero wexon. Hanpuep,
CHNTANOCH HEOCTOPHMBIM, YTO €C/H H KaMeHb AeHCTBYeT 3a0anHan i, 3
€10 KOOPIHHATE! H CKOPOCTH B HAYAMILHBIN MOMEHT H3BECTHBI, TO JabHeli-
WwHH MONeT KAMHA OJHO3HAYHO OMHCEIBAETCA ypasHenwew Howorowa. Dror
meTepMRHHCTCKHN MOMXOL, OIHAKO, HE BCer/Ta ATEKBATHO OTPAIKAN PEABHY O
cuTyaumo. Bossmes, Hanpumep, nonet nynw. OSITHEIM CTPENKaM XOpotlio
WIBECTHO, 4TO e TPAEKTOpHA OT BHICTpena K BHCTpeny paswas. [leno s



[image: image4.png]Tow, 4T0 HAYANLHAA CKOPOCTS MYZW, B CHIY MHOTWY MPWNHH, A PAzHEIX
BeicTpenos paznia. Kpoue Toro HeBazmo:XHo NpeIyralaTh Nopsiss: BeTpa
5 pasweix ywacTkax TpaexTopn mymw. B wrore, Jaxe ofWNaKoso mpHueni-
BaACh, CTPENOK MOMATAET B PATHBIE TOMKH MHLICHH.

Tloka BapHAUWK HavanbHON CKOPOCTH H BAWAHHE OKpYXasoulell cpems!
N30 BARAROT Ha HTOTH CTPRNLGH (HANPHMED, MAKT OTKAOHEHN MW, MHO-
1o MeHLUINE PasWEpa MHUEHH), TETepMHHDOBARAR MOTEb MONeTa. Mymir
Bnonwe onpasmanna. B MpOTHENOM cnyWae oT Hee MPHXOINTCA OTKAZEIBATLEA
W WCKaTs HHle, Gonee peanHCTHTHKIe, CMOCOSH MPEICKATANNA peaylIbTaTos
crpentGa.

TlomoBHAA HEONpEIENERROCTS HCXOMA. OMEITA, NPW COBMIOTENWH OCHOBHEIX
yenoswit ero mpoBeleHN s, HAGMIONAETCA I YN WHPOKOID KPYra ABme-
wih. Tax, MoIOpackIBan MoNeTy WA WpanLHEIN KYGHK, MBI He MomeM 3a-
panes yragats nexon, Pazmvs) awavenns Toka, MPOTEKAROIIErs B OTHHY
W Tex e yonoswAx wepes aneKTpHSeckyto wems. Bce 370 MPOMCXOMNT Mo-
ToMY, 4T0 BINANHE MHOKECTBa PAIHOOBPAIHEIX HEKOHTPOApYEMBIX (akTo-
POB, KaKIBIA 3 KOTOPBIX B OTHENBHOCTH MANIO BNHAET HA PE3YNIBTAT OMBITA,
B cyMbe IPUBOINT K WempencKazyemonry wexony. TomoGusie asnens, wexon
KOTOPEIX He YIAeTCA Mo PASHEIM MpHIHHAM MPeICKaIaTE 3apaNee, HAZBIBAOT
caynatinumis. CHCTEMATHYECKHM W3ySeHHEM NOTOGHBIX ABACHWH W 3aHWMa-
IOTCA TeopHA BEpOATHOCTEN i MATEMATHYECKAA CTATHCTHKA.

YuTaTenio yxe ACHO, YTO HCTOKOM CHYYaNHEIX ABNEHHN CIy KAT HEKOH-
Tponupyemie haKTOpHI, BAKAIOUIE Ha MOBETEHNE WIYYAEMOTO ABNEHWA, I
B KoWEWNOM WTore MPHEOIALINE K HEMPENCKAZyeMOMY 3apanee - cyualino-
sy - ucxony. C pyrolt CTopOKSI, WMeeTCA HaGop yenosiH, KoTOpsie yIaeTCH
OBOIILHO TOTHO KOHTPOINPORATE, TAIKHE KAK HATPABIEHE PYIKDA W HANAML-
was cropocts myaw. HaBmonenis, MpoBofMEle MpH HeKOTOPOM KoMMIeKoe
KOHTPONHPYEMBIX yCAoBHH, KOTOPBIN YIAETCA MHOMOKPATHO BOCCO3IATD, Ha-
IBIBAIOT B TEOPHH BEPOATHOCTEN CIMEMUCTIUNECKIM UCRUTaNEM (ONXTROM,
ncnepusenon). Beakwl HCXON ONBITA MW HEHSMERHEIX KOHTPONHDYEMEIX
yenosuAx WazsIBaROT Cayvaiivaat cobumies WA MPOCTO Cobaumiiet

K XOpOLIO W3BECTHEIM B MOBCEHEBHON KHIHH cny9alHBIM cOBBITHAM OT-
HOCATCA: BHINAfIeHWe repGa W MOHETE, Tpex 04KOB MpH GPoCaNWH KyGHKa,
W WHBIe Camble pasHoOGpasHEle COSMITHA, CIMCOK KOTOPSIX WHTATENL Nerko
MoXeT monoamHTS cam.

TonvepkHes, 4To MONATHS Ucnumantie W Cobumiie B TeopiH BepoATHO-
cTell Tak e (hyHIAMEHTANLHEL, KAK OHATHE MHOIKECTBA B MATEMATHYECKOM
aHanH3e, TOAKH i MPAMOH B reOMETpHH.

B manunefimen yenoswsca ofosnatars cnywalinsie cobsiTn Gonbuwmn
narunckumn Gyksamu A, B, C, D w Tax nanee. OrosopuMca oIHaKo, 410
HEKOTOpHIE 2 HITX 32pe3cpBHPORANE! 32 KNIOHEBBIMH MOATHAMH TeOPHI Be-
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[image: image5.png]ponTwoctett. Tlpexcne soero 310 oTRocwTCR K Gykee P, kotopolt mpwwato
oGaamarars eeposmmocmy cnywalinoro cobsiia. Tpowcxommenne obosna-
weHwA oveBwIHO: 310 mepsan GyKsa cnosa Probability.

BameTuM ewe, uTo cnyvalinble cOBHITHA, 0COGEHHO B HHIXEHEDHBIX MpH-
NONEHIAY, KAK MPABNO BHPAKAIOT CAYNGINNMY seauuNaM, Croma oT-
HOCATCH yiKe yOMAWYTHE cnywalifan BeNWYNHA TOIA, CHT2 MOPHIBOB Be-
TPa, WeXaHWIECKHE HANDAXERHA B KOWCTPYKIWAX STANWH W MHOTHE MHOTHe
Apyrwe. Bones Toro, MpH KOMHYECTREHHOM OMHCANHN CTATHCTHHECKWY 3aK0-
HowepHoCTeH caMBIX pazHooGpasHEIX cywaliNEIX cORITHH CTapaRTCA coMlo-
CTaBNTE WMt Te naw wAble cnywalinee Benwanwst. Tlocnennwe mpiHATo 0Bo-
3HAATE GOMBUINWH TATHHCKHMR GyKBAMH, MDHBSIAHO ACCOUNNPYOULNMHCA
< waTemaruweckumn nepeviennsivnn. Hanpuuep, Gyxsaun X, Y, Z, a Tacxe
N w M mnn uenowcnennex coywalinelx Bennsnn.

1.1.2 Crarncriueckas ycToHuHBOCTS

TIpesxae M OMPEmennTS KNKYeBoe MOHATHE BEPOATHOCTH coyallHOrD
COGHITHA, CIENAEM HECKONBKO BAXHEIX 3amesanull. HHXeHepas, MpHMens-
UM B cBOSH MPAKTHKE TeODWIO BEPOATHOCTH W CTATHCTHKY, BAXHO 00~
3HABATE, TO He Bee ChywaliHble ABNEHH, C KOTOPBIMH MPHXOIHTCA MOBCE-
IHEBHO CTANKWBATSCA, MOMLIAKTCA BEPOATHOCTHOMY i CTATHETHYECKOMY 0N~
canmwio. U706l MOACHWTS 370 BAXHOE YTBEpIK/IEHWE, HANOMHHM OCHOBHON
npuun isuieckolt Teopw. Kak #3secTHo, ee 06beKTOM MOTYT CilyXHTD
AMWE YOO UsNE ABNEHHA, KOTOPBIE MOXHO SKCTEPHMERTANBHO OGHApPY-
WO MH060S YHCNO Pa3, MOCTATONHO TUATENHO CORMIONAN YCHOBHA SKCrTe-
prvienTa. CnyvaliHEIMK e ABNEHH AMH HA3BIBAIOT Te, 4TO HA MepBsI BIrNAM
He YI0BNETBOPAIGT 3T0MY hyH IAMEHTANLHOMY YCIOBHKD BOC POHIBOINMOCTH
5 3Kkcnepivente. B camoM gene, MW MOCTATONHO AKKYPATHEIX H3MepEHW X
CKOPOCTH TeHeHHA rasa B TPYGKe WA BONEI B PeKe, HIMEPEHHbIE IHANEHIA
& CKOPOCTH, -3 HEMPEICKA3YeMBIX TYpGYNeHTHEIX Myabcamuh, GYayT or
3aMepa K 3aMepy paIHEIMH.

Jlpyrons iausecKHM MPHMEPOM TAKOTO POIA MOKET CNy XWTb ABIEHHE
pamwoakTHBHOrO pacnama. Kak W3BeCTHO, TOM PAIHOAKTHBHONG XWMHde-
£KOPO 3NeMeNTA, HAPHMED PATWA, PAHO WAH NO3IHO PACMATAETCA HA. APA
Gonee nericnx snewenTos. Ho HASIIONAR 32 OTHENLHEIN ATOMOM B Tedenwe
32,1aHHOND MPOMEKYTKA BPEMENH MANTENEHOCTEIO T, HEBG3MOXHO 3apaHee ¢
MoNHON AOCTOBEPHOCTEIO MPECKA3aTh, PACTAIETCA HAH HET aTOM MO MPoUe-
CTBHH JaNHOMD BpeMeHH.

Te He Meree, MHOKECTBO BCTPEHAIOUHKCA B HH XeHepHON MPakTHKe c1y-
walinelx ABNeHwH 05NaTaeT 3aMevaTENbHBIM CBONCTBOM CIRQmucmuveckol
yemotivusocrs, TIOACHHM €ro Ha 3neMeHTAPHOM MpHMEpe.



[image: image6.png]Tipumep: Comocrasiy co cayalinsiv asnenmes A wexoTopyto cnywalinyro
sennunny X. TIpHUeHNTENbHO K aTowy PaIHOAKTHEHOID 3MeMenTa GyTen
CHHTATS ee PaBHON EIWHMHIE, ECAW ATOM PACMANCA 32 BPeMA HABNIONEHNA T,
W Hynew B MpoTwBHOM cny«as. Mz CKa3ANWOND BRI ACHO, YT HERGIMOKNO
3apanee MpeNCKAZaTL B KAMIOM OTHENLHOM HABMICLEHNN, KaKoe IHAYEHHE
npuver Benmuwa X. Onwaxo ecam npowssecti Gonbuoe YHcno wavepennit
(B Wawem cnyvae - HaGnmomenws sa pacmagom N 3> 1 aTomos 3a maHHE
TPOMEIKYTOK Bpevent 7), HaMEpHTS cpelHee apHchMETHIECKOE TARNBIX Boex
wabnromenit

.
=y L )

2 3aTem BHOBE MPOBECTH cepwio Wa A WaGmmomennt W HaNTH HOBOE CpelHee
K2 T0 OBHAPYIKHTCA, 4T0 pasniie Mexay X y it X y; OKaSHIBASTCA 10BOMD-
w0 sansiv. Bonee Toro, mpu ysenwsensu wcna, N waSmomenult 5 paswuix
cepuny, paznume wexy X w Xy CTAHOBNTCA Bce MeHblie W MeNbUe, 1
CTPEMHTCA K HYIIO MPH GESTPANIMHOM YBenHYeHHH wHCna, KaGioneHHl.

VMeHHO B cHny CTaTHCTHYeCKON YCTONYBOCTH CAywallHOMG ABNEHHS pa-
oAk THBHOR® pacana, AN OMEPHPYIOT BroAWE OMpEXENEHHEIM MoHS-
Tent - nepuoll noaypacnale - oTHOCAMMEN K PaTHOAKTHBHOMY oGpasILY,
CocToMUEMY 13 TPOMATHOT® YHCNA. AToMOB PAIWOAKTHEHOO BewecTBa. 3k

Ykasanwoe cBONCTBO HCHESHOBEHHA PasnHuNA MeXIy CPEmHHMH, Mony-
HEHHBIMH B PA3HBIX CEPHAX W3 MHOTHY WCTBITAHWHN, H HA3BIBAIOT CTATHCTH-
deckoll yCTONIHBOCTEIO. To CBONCTBO MPHCYLUE MHOTHM, BCTPENAIOIMCA B
HHKeHepHON MPaKTHKe, cAy«aliNbBIM ABNEHHAM H MPOUECCAM.

CooltcTso cTaTHeTHYecKoOH YCTONNBOCTH cny<aliNBIX ABneHu W Benw-
TN MGIBONAET MOCTPONTE [IA HHX TEODHID, MPEICKAIBIRUDIYIO peaynbTar
TEI MHOTOKDATHO BOCTPOM3BOMWMBIY, MH HEWIMENNEIX YCHOBIAX, HCMBITa-
Wit Tonbio 5heKTOM MPeNCKAAMIA TeopHH 3eCh ABNAIOTCA He WHINBH-
[YANLHble SHaNENIA COMYTCTBYIOLINX Tent WAN WHEIM CRyWallHBIM ABIEHIAM
cnyqalineIx BenYHH, & WX PA3ANIHbIE CPEMHHe, ONPEIENEHHEIE Ha COBOKYTT-
WocT Gonbuoro wHcna, nemuTaull. B Wore, Kak  oSsHan dusMvecKan
TeOpH#, TeOPHA BEpOATHOCTeN OMEpHPYET CO BIIOMHE ONPENENEHHBIMH, fe-
TepMIMUPOBAHHEIMH, SKCMEPUMENTANLHO HIMEPHMBIVH BenUAHMAMI: CPel-
WHMK, BEpOATHOCTHEIMH PACpeTe eNt AMH, KOppEAALHONHLIMH by HKUHAMH
wrn

FRemark: Cinetyer sawernTs o1HaKo, 4To BOKpYT Hac coneplasTes MHo-
KECTBO CAMBIX pasHOOSPAsHAX CAyHaliMeiX ABTeHufl, He NOATAWAXCA Be-
poaTHocTHOMy ananusy. K HUM OTHOCATCA eIMMH4HNE CayualiNNe ABICHHA,
Taxue Kax BcTpeta GIAKONO Ipyra Ha YHIIE HESHAKOMOTO TOPONa, I Bo-
Bpens npauenwas » ronosy yraunas mscs. K annenmam nogobsoro pota
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[image: image7.png]oTHOCHTCA SombUINKCTBO HCTOpHYECK X cobuTHM. B camow aene, Teopus pe-
[poATHoCTel HeyMecTHA, Kora pews niet o Hanoneone: ncropuyeckas nayxa
elie He HACTOIBKO BCECHABHA, HTOBH MHOMOKPATHO BOCIPOMIBECTH yCIOBHA
€ro poxaeHnA B COOTBETCTBYROMEN HCTOpHUsCKOf obcraHoske. Teopus se-
[POATHOCTe! MATIO 4TO MONET CKA3aTh JAXE 110 MOBOIY HECYACTHOrO CIyHad
- nazenns kupiya v ronosy [xona CMHTa, FyAABIIEro MHMO CTROARIErD-
ca aowa. [pocto noromy, 4o c Tex nop [xo obxomuT Bee CTpofiKn Tanexo
croponoll. IToto6Hue 1 apyrue exuRuIHNE COBNTHA, BpOTE MAJEHHA Fpo-
MAIHOrO MeTEODHTA Ha 3eM0 WiH ABAeHHA XPHCTA HADOIY, K KOTOPHM
HENpHMERHMO NOHATHE CTATHCTHYECKOH yCTOMMBOCTH, AyHilie HASNBATS He
cayuainsmn, a symecnswn. [pu onucanuu ux Teopua sepoaTHOCTEH Gec-
nonessa. B

1.1.3 OTHOCHTeNbHAR YACTOTA H BEPOATHOCT

KaK y e MOHAN YHTATENS, TeopHA BePOATHOCTEN 3ANHMAETCA H3YSEHHEM
CTATHCTHYECKH yCTORYHBEIX cnywalinelX coSerTii. Cama e cTaTHCTHYeCKaR
YETORYMBOCTS Toro WAW HHOFD COSHITHA MPHHUNTHANGHO Hemorazyema. TTo-
3ToMY MATEMATHKH MPHRWMAMT ee 32 axcHomy. PUINKH Xe W HHKeHeps!
MBITAOTCA YGEOHTBCA B HANWYHH 3TOrO cBONCTBA ¥ KOWKPETHOND caywali-
Woro coleTis, craxem cobsTHa A, wncTo swmupseckw. TIpw 3Tom oni,
KaK MpaBisIo, OMHPAIOTCA Ha MONATHE OMNOCUTMEABNON XaCOM MOABE-
wia caywalinoro coSbiria. Bsemew ero, nepemicas cooTrowenne (1) 8 Ganee
npospasnom sue. TIpHMeRHTENGHO K MpoiaBoMBHOMY COBBITHIO A (He oba-
2a7enbHO paWOAKTHBHOMY pacTay) Mpasas wacTs pasenctsa (1) paswa or-
wowenwto M/, rrie M -cnywalinas senwinna, paswas wwcny ersiTanuti, uz
oGuwero wncna IV, np koTopsix peannzosanocs coSsiTwe A. Jna yrazannoro
oTHoWweHHA BBOAAT ceuAnbHoe ooamatientre P* i HAIMIBAIOT ero ommoc-
‘meavwoil acmomoll nosBnenws cobsTua A 8 cepun wa N wensimanuh. B
Gonee axiyparHeIx oSoanatenmAx

P4, N) = %
;

@)
rie P*(A, N) -oTHocuTenbwas wacTora mossmewws cnywafinoro cobeitia A
5 N wensmannax. Ecnn ofcyxmaesioe cnywalinoe coSkiTHe cTaTHCTHHECKN
YCTONYHBO, OTHOCHTENbHAA HAcTOTA CTAHOBHTCA, € YBENHYEHHEM YHCNA HC-
nemanit N, Bce menes cnywalinolf, a mpH GesrpamnenoM ysenwvennn N
CTpEMHTCA K HexoTopolt feTepmiuposankol senisue P(A). Ha marema
THYeCKoM A36IKe 3TOT hAKT JaAMMCHIBAIOT B BHTE

tim 2 i P(4,8) = P(4). ®)

NN T NS




[image: image8.png]TTpw 370 neTepummmposantyo senwanny P(A) kax pas w wasssasor aepo-
ammocmvro cnywalinoro coSermina A.

BrIwcnenne BepoATHOCTH HeKOTOpOro cnywaliHOrO cobEITHA Kax Mpefe-
na (3) wasmsaoT cmamucmirceckua onpedeaenuent sepoathocTw. Bymyun
BMGNHE MPHEMIEMEIM 717 IKCMEPHMENTATOPOR, OO BHIIBIBAST Y MaTeMa:
THKOB MHOXeCTBo Bompocos. TIpexie BCero, B KAKOM CMEICTe MORHMATO
cTpesnentie k mpeneny! CoBeplieHHo OHEBNINO, YTO 3fect HeMpHEMNEMEl,
NPHHATHE B MaTeMATHSeCKOM aAHANN3e, KPHTEpIW cXOMHMOCTH. K powe To-
To, MOCKOMLKY KAI06 HCMBITAWE JAHUMAET ONpETENeNHoS BpeMs, ToTHOE
aHavenwe BepoATHOCTH CryYalifOrO COBNITIA B MPHNINTIE He MoXeT GHITE
Wallzeno, Tak Kax BEIHCeHte pexena (3) TpeByeT GecKonedHOrD BpeeH.

MaTewaTHKin YACTHHO CHHMAIOT MPOGMIEM S, CBATANHEIE CO CTATHCTHYE-
ki onpemenenmem BeposTHOCTH (3), BEOLA CMEUHANBHEIE BTN CXOMHMO-
cTw. B fancwefiiues ubl I0BONEHO MOIpOGHO OBCYIMM BepoATHOCTHEIE MOT-
XOME! K MOWATHIO CXOOWMOCTH cnywaliHEIX mocnemosaTencwocTed. A moka
22METHM TONBKO, 0 MHOTONHCHENHKIE HCBITANHA IEMONCTPHPYIOT YIHEH-
TeNBHYIO YCTONYHBOCTS CAMBIX Pa3HOOOPA3HEIX CAYHANHEIX ABNEHHH.

K MpHHepy, OTHOCHTENbHAA HACTOTa POXKIEHA MANGYHKOS B MicSoll Ha-
Nepen BEIGpanHoli cTpae ovent Gawara K 0515, w 370 aHavenwe cnao 3a-
BICHT OT MECTHOCTH WM STHHYECKOTO COCTaBa Hacenenws. OTHOCHTenbHAA
wacToTa pacnama atowa ™R 2a 100 net coctannser 0.04184. B nocneawen
cnywae 4HCNo WCMBITaNKN eule Gonee BENWKO, TAK KAK COBMAMAET ¢ YHCIOM
atomos pamns 8 wabmomaeson B opaste (N = 102 + 10%).

1.1.4 Bpocanue MOHETH H CTATHCTHYECKOE MOJICTHPO-
Banne

Yr0681 Nyvilie CBEIKHYTHCA ¢ KIIOWEBHIM MOHATHEM CTATHCTHYECKON yoTol-
AHBOCTH chywaliHbIX COBHITHHN, AeTanbHo oSCymHM KiaccHwecknl sKemepH-
MeHT ¢ mombpackiBanitem cHMMeTpHIHON MoeTsl. Ero BosmoxHbie Hexoms!
COCTOAT B MATEHHH MOeTS! WA CTon opriow W pekoft Beepx. Bymew m-
TepecoBaTsea wasToToN cayvafioro coSsITHA A -BMmazenia opnos. Hwsin
CNOBAMW MPHMEM, YTO COMYTCTBYfOWAA CAYYalHAA BenwHa X MPHHHMAET
3wavenwe 1, ecnn BEIman open, i ) B MPOTHBHOM CAy¥ae.

K Gpocanito MoNeTs! MpHGEran MHorwe, Kenasiie YIOCTOBEPHTLCA B
HANHYHK CTaTHCTHUECKON YCTOHWHBOCTH 37010, OMEBHIHO ClyvalHOro, co-
Gaimin. Qnm w2 ocHoBoMONGKHIKOR TeopuN BepoaTHOCTH, dbpauys Brod-
o, ewe 8 XVIIT sexe npowzsen 4040 Spocanutt owetsr, Teps sranan 2043
paz, 4o mano

P*{A, I = 4040) = 0.5069




[image: image9.png]K W3BECTHEIM MIONAM, 3aHHMABWAMCA B HAYYHEIX UENAX WrpoH B op-
N3, AW PewKy, OTHOCHTCA HAMEHHTEIN crieuwanKcT o cratwcTHke Inpeon,
We nonewnswtics noxGpocwTe wonery N = 12000 paz w monyswewH Bl
nagenue opnos 8 M = 6019 Gpocammnx. CooTercTaento, oTHocHTenEHA
wacToTa BEIMAeNt Opion Monywmacs paswoll P & 0.5016. 3atew Mupcon
nopocnn owety yxxe N = 24000 pas. B wrore opa ssmani 8 M = 12012
cnywasx, wto maet P* 2 0.5005.

1

Fig. 1.1

TpadHK 328HCHIOCTH OTHOCHTENLHON HACTOTH SIHHHL, B MOAETHDY-
€MON reHEpATOpOM CnYHaRHEIX YMCen CnyaHHOR NOCNETOBATeNbHO-
CTH, OT YMCRA anemeHTOB MocnenoBaTenbHocTH. TpadMk Moctpoen
2719 1BYX CHARHAIX MOCNETOBATENBHOCTEH, KAKIAR K3 KOTOPHX co-
Aepxur N = 40,000 anementos. Xopouia BHIHA TEHIEHUMA oBoHX
PPAGHKOB NPHOTHIHTLCR K BEDOATHOCTH BHINATEHHA OpNA NPH Bpo-
canun moners P = 0.5,

BHawo, 4TO Mony<eHHEIE B PASHBIX CEPHAX WCTHITARWN W B PAsHEIe BeKa,
OTHOCHTENbRBIE YACTOTH! BRINANEHHA OPNA MANO OTAYAKTCA APYT OT APYra.

W GaNIKH K BenwdHHE .

P(A)= 5, @)

KOTOPYIO W NPHHIMAIOT 32 BEPOATHOCTS BEINATENHA OPNA MH BPOCANNH CHb-
MeTpHiRON MOHETEI.



[image: image10.png]B Waww aHH HeTPYIHO MPOBEPHTL PaBencTBO (4) el akKypaTHee, Yem
Brodhon  TIHpcoR, oMHparsch Ha METOm CRAGIMUCTIUNECK020 MoJeAposa
MUS W MONE3YACH MOUBH HAWKX KoWmbioTepos. TIpH cTaTHCTHYECKOM MOz~
DHPOBAHWK PO MATAIOWEN MORETE HTPAET 2ENEPAINOP CAYNGUNME iCer.
On co3maeT MOCNENOBATENBHOCTS HyNell W EMHHHL, KOTOPYIO BNONHE MOXHO
cawTaTh cosepuento cnysatinol. Taxol reepatop “sumt” B rGyIo Wano-
MAJILCKH C2pbesHy s MATEMATHYECKYIO Mporpamry. Hanpuwiep, B nasecTholt
nporpamve Matiab, BE1208 cay«aliHOND HYN WAK EIWHNIE OCY WECTBAAETCA
Kkomanmof:

> randint

Ha Fig. 1 n306pasxen, cvonennposannsill koMmbroTepos, rpachi oTHo-
curentHoN wacToTs P*(V) BMITagewA Opna B SABHCHMOGTH OT WHGNA. HC-
nuTaKwl, 007 GBYX cepu WembITaNi, Kaxman “nnusol” N = 40,000, B
ornwane or Brodspora i TTpcona, KOTOpEIM TpeGoBANHCE MHOTWe Yack 1A
Gpocaniii MOETH, MpOETYDA. BEINHCNERTN W MOCTPOSHH A rPachHKa Ha. Kow-
NLIOTepe 32HANA. BOEND HECKONBKO MIHYT.

1.1.5 MaremaTHuecKkuil BIDILI Ha BEPOATHOCTS

M1 yxe onpegenmnn nowTHe BeposTHOCTH cnywafiforo cobsiTua P(A),
wax npemena (3) oTHocHTentHoll wacToTsi. B mantefiwes BIACHWTCA o
Wako, 4To B GONBUINKCTBE BCTPENAUOIINXCA Ha TPAKTHKE CHTYAIINN HMEKTCH
Gonee KoHOMITHEIE I 3peKTHBNBIE COCOSH! BRITHCIENIA BepoATHOCTEN
Tex wam Wi cnywalinsix coSsiru. Ho wrobe: ocaonTs mx, TpeByerca ac-
Hoe MoNMMANHe MaTemaTHYECKoM CTPYKTYPSI BepOATHOCTH.

© noswutt marematwkos, seporTHocTs P(A) 310 dywkuma. Tonsko s
oTnwiWe oT CrammaApTHSIX byWKuWd, Wanpwwep y = sin(z), oTobpaxai-
WX ToNKH THCZOBON OCH T HA YHCTIOBYIO Xe OCh Y, APrYMENTAMI Bepo-
ATHOCTH cryxaT BceoswoxHme cnywaliwse cobuun {A, B, C,...}. Tipn
3TOM SHasieH AU BepoATROCTHON (yniumw P(A), Kax w oferaweix by K,
amamoTCa wwena. B watemaTweckom amanuze, pu uaysen nioboli pyric
AW, RATHHAIOT ¢ HAXOX[EHWA ee 0bnacTel OMpeneneHiA 1 sHavewwH, & 3a-
Tem MpRCTYAIOT K WecnenoBamio cBolicTs cawolt bymkuww. Hecnemosanme
onacTw onpenenensn bynwumn P(A) u ee cooeTs, Mo CyTH HERTPAMGHEN
BOMpOC TeOPHN BEPOATHOCTEN, TPEGYIOUNH BIYMIHBOMD AKANHSA, H MEI Mo~
CBATHM eMy MHOTO Bpemenn W MecTa Hike. OBnacTy xe sHasenwit dyHKuHI
P(4) y3xe celiva nerko ykazaTe, omipascs Ha CTATHCTHHECKOE ONpeenenie
seportHocT (3). [lefcTsnTentwo, Mockonbky wweno wemsiTamwh M, mpi
KOTOpBIX PeanW3oBanoch ciyvalinoe cobbITHe A, YIOBNETBOPAET OHEBHINEIM
nepanencTBan

OSMSN,

8



[image: image11.png]To W BeposTHOCTS MOBoro coSbITHA, cormaco (3), MoxHAAETCH Hepame-
cream

0<P(4)< 1. 5)

[pyrusiu cnosasi, yHKIUIA BEPOATHOCTH OTOBPAKIET BCEBOIMOKHEIE CAY-
alinbie cobbiTHA Ha enHWAHBIN oTpesok wncnosolt oo [0,1]. TIpw atom,
CIIN BEPOATHOCTS KAKOPO-TO COBBITA PaBHA eTWHMIE, To TaKoe CoSbITHE
wHorma. HaswiBaioT Jocmosepras. ECAW e BepOATHOCTG COGHTHA pasha.
Y0, TOBOPAT O NEBOOMODKHOM COBHITHI.

Remark: Ionesto HMeTs BBHIY, 4TO He BCAKOE JOCTOBEpHOS, B yKA3aH-
HOM CMHCTE, COBRTHE peATH3yeTCA B IO6OM HCMETAMHH, A HEBOSMONHOE
cobeiTie nopott nponcxomut. B cavom aene, COBNTHE, BCTpeaBLIEECE KOHEH-
Hoe 40 pas B GecKOHeUHOM depede HCTHTAHAMN, CORTACHO HCMIOTB30BANHOH
TepmuHonorHH, HeBoswoxHo. [To TaHHOM TEpMEROIOTHH HEBOIMONHO AK0G0E
cobuiTHe obtenHoN HisHH, YGeTHTECH B STOM CAMH, M0NpOGOBAB NOMACTS €
3AKPRTHMI 1IA3AMH TOHKOH HIWIOH B 3apaNee TOMEEHHYIO HA CTEHE TOUKY.
Habepraxa npomaiere, X0TA NONAIETe B APYTYIO, TEM CAMMM DEATH3OBAB
HHoe “HeBoSMOHOS™ CoBMTHE, B TansHeliiien Mu CTPOrO oNpetemi Hesos-
MoNHOE i JocToBepHos cobiTia. (6CyHIeHNNe Ke Buue COBNTHA Eyen
HASWBATH CKpOMMHee: COBITHAMN C HYeBOM  exHAIIHON BepoaTHOCTE. B

1.2 Cxema maHcoB

Kak yxe ynowwkanocs, craTwcTiweckoe onpegenenne (1.3) obpasyer
cnmwkoM 3wIGKIH YHIAMEHT AN MOCTPOHNA SMAHWA TEOPHH BEPOATHO-
creti: ONBIT MOKAIBIBALT, 470 IHANEHHA OTHOCHTENBHBIX YALTOT MOABAEHHA
OIHOTO K Toro Xe cobwiTiA, AaXe MpH GONBWOM YHCne HCMBITaHWH, MyCTs
HeSHAUHTENbHO, OTANNAOTCA YT O APYra. B Wiore ompenenwTs TowHoe
3HAYeHHe BEPOATHOCTH OKA3GIBAETCA HEBOAMOXHEIM. Kpowe Toro, 4Tobs:
BEIMHCANTS BEPOATHOCTS KAKOTO CAyYalHOM CoBSITIA, METON CTATHETHYE-
CKHX WCTITAHWN MPEMNTHCHIBAET NPOBEEHHE POMATHOTO YHCAA. HOMEITAHHH,
4To HempHemnemo, 2 MOpoll MPOCTO HEBOIMOIXKO, ANA GONBWHCTBA MPaK-
THYECKH SHATWMEIX cayaHEIx cobuiTitt. TTosToMy paseHTHe Teopwi Bepo-
ATHOCTel Mowno Mo ApyroMy MyTw. ON CBOTHTCA K AHANW3y chA3eH MeXIy
BEPOATHOCTAMM PEAnbHEIX CAYHANHEIX COGMITHN, i Gones MPOCTEIX COBHITHHN,
BEPOATHOCTH KOTOPBIY, KAK MPABHIO, HIBECTHEI 3apanee.

HCTopiHecki, NepBEIM WATOM HA 3TOM NyTH CTAN AHANKS A3APTHEIX HIP,
W mpexae Beero WrpH B KocTH. KTo-To cnpasennwso samerwn, 470 asapt-
HEle HTPE 1AW Hay Ke FOpasiio Gobile, Yem Wrpa B waxmaTsl. Hccnenosanne



[image: image12.png]WIDH! B KOCTH MOSBONHT HAM BBECTH KNKOWEBHIE MONATHA TEODHH W yCTaHO-
BHTO OCHOBHEIE CBONCTBA BepoATHOCTEN.

1.21 Mrpa s xocrn

Tpwerymuy & waywenmo ofmacTi onpexenents byHKUNN BepoATHOCTH
P(A) u ee cBoHicTS. 3HATHTENLHO MDONBHHYTHCA B 3T0M HATPABJEHWH Mo-
MOXeT fleTantEIl AHANKS HIPE! B KocTH. B mpocTelfiem sapuanTe ona cao-
AWTCA K GPOCANHIO HTpOKaMH HTPANBHON KOCTH, BpOTE TeX W70 H20GpAKEHS!
ig. 2. Brnrpsisast To1, y Koro BRINan0 Génbues WMENO ovKoB.

“
> '/ .o

Fig. 1.2
OBLIENpHSHAHHRA CAMBON TEOPHH BEPORTHOCTER: HTPANbHEIE KOCTH,
CHIbHO COCOBCTBOBABLINE CTAHORNEHHIO TEODHH BEPOATHOCTEN Kak
BaXHOR OTPACHH HAyKH.

Byztem noka 6pocats omwy urpanshyio kocts. TTycTs Hac wnTepecyer se-
POATHOCTS BHINATEHNA, MH ee GPOCANHN, HANGONBIEND WHCAA. 04KOB k = 6,
HO HeT BpEMEHW OUEHWTH BEPOATHOCTL CTATHCTHSECKHM METOOM, MHOTO-
KpaTHo MOGpackIBas KoCTb. PaspewwTs npobremy MOMOTAET MHICHEHHEN
AHANKH3 BOSMOXHBIX HCXOMOB HEMBITaHKH (Bpocanmtt KocTw). Fcko, 4o Hue-
eTCA MHOXeECTBO {2, COCTOANLIEE H3 WECTH COBBITHN — BCEBOIMOKHEIX BApHAH-
ToB maenwa KocTH

0 = {iws, way iy way oy wa) m

Tiie coSbITHE W) COCTONT B ToM, ¥To Mpi GpoCaMWH KocTH BEINano k owKoB.
D70 Tax WassIBaeMbIe 3acMeNmapNNE CONMILA, KOTOPHIE TONBKO W MOFYT
MpoH3olTH ¢ Hrpanswoll KocTbio. TToCKONBKY KOCTH HHKOTIA He BCT2eT Ha
PeSpO HAH BepUINKY, MepedHCIeRHbIE COGNITHA HA3BIBAIOT noanoll apynnoll
3nemenTapHEIx coGuTii, oTBevAKOWINY HOMITANWO (Gpocanio KocTw).

10



[image: image13.png]Ecnit KocTs CHMMETpH|HA, To yKasanHble cobeiis (1) MOryT MpowsoliTh
B AroGom HCMBITANHW ¢ pasHON BoaMOKHOCTEI, & 3HawHT cobsrria (1) pas-
osoaoomn. Kposte Toro, sce onm Baamwonciarowaor apyr Apyra; Ecni s
wemMTaNIH MpomzoWno oMo W cobsITHH (1), To 2ameToMo He peamiayroTCH
ocransnsie. Tlo aTnu npwwiwas coSeiria (1) HasBIBaloT WecoamtecTINMAL.
Taxiu oSpasom, wmosxecTso coSuimii (1) oSpasyer noanywo zpynny pearo-
BO3MODCHIUT HECOBMECTENIT 3AEMENTARPHNE COBUMUL.

Ecain, npH aHanise BaIMOXNBIX HCXOIOB KAKOTO-NHGO HCMBITAHNA, Ya-
TCA BELIENNTE MOTOSHYIO MGHYIO TPYITY PABHOBOMOIKHBIL HECOBMECTHEIX
3MEMENTAPHEIX COGMITHHE, TO KAXIOE W3 HWX HASBIBAIOT KDATKO! ILENCOM.
TTIyeTs YHCno WaNCOB, OTBENAMILI: HEKOTOPOMY WCTBITaNWO, pasHo 7. Ma-
TYWTHBHO ACHO, 4T0 B [A/MHKON cepui N HCMBITARWH Kaixusif W3 WaHcos
peanmayerca npivepHo oxwnarosos wncno M & Nfn paz. A ecnw Tax, To
BEPOATHOCTE NIOGOTO WANCA eCTECTREHHO BEINHCAATE C MOMOWEIO MPOCTON
popyae

Plw) @)

Tipuwmep: Tlpn Gpocannw, cenanwoll w3 OTHOPOTHOTO MaTepHAna, ToHKOH
MoNeTsl, HecrocobHall CTAHOBWTECA Wa pebpo, WMeeTcs Beero 7 = 2 wanca:
seinagenne opna waw pewkn (heads or tails):

0= fiony i)«

Cnenosatensho, epoATHOCTE BEIMateRHA opna paswa 1/2.

Tipumep: Eine ofit KIaccHecknt MPUMEpOM WACA. cy KHT HIBIeve-
HHe GyGHOBOrO BafleTa H3 TWATENBHO MepeMelantol Konomsl, comepxauel
52 kapTsi. B manwow cnywae scero wascos @ = 52, 2 3WAWNT BepOATHOCTE
npukymTs GyGHoBoro sanera okazsisaeTca paswolt 1/52. %

Haxonel, WHTepecoBasiliee Hac BHAWNe BEINaTeNHe WecTepkH (KaK I N0~
Goro npyroro wicna ovkos) Mpw Gpocanii Hrpanbwol KocTH pasho 1/6.

1.2.2 ®opmyna mancos

Jlo cnx nop w1 ofcyx T awws newenTapHee coSermina. Ha npaxrie
Al UATepecyIOTCA BepOATHOCTAMN Gories CIOXKNBIX, COCTABHBIY, COSBITH
Tax nrpo, MocTasmswmH Mpw GpOCLNIN KOCTH Ha veT (BSINatenwe weTHo-
To CN GYKOR), NEKo OUENHT BepOATHOCTS GnaronpiATHoro Hexom. Jdnx



[image: image14.png]3TOro €My HAO MOTENNTS YHCIIO WAMCOB C YETHBIM THENOM OMKOB Ha Morl-
Woe wx wncno. KonWuecTso ykazamwsix wancos B manwom cayuas m = 3
(smmagenwe 2, 4, 6). A 3waunT WeKOMAN BepoATHOCTE pasHa

3_1
Plowen)= 2 =5
B obuiem cnywae, BEIMHCIIEHHE BEPOATHOCTH HEKOTOPOTO ciy waliHOro co-
BHITHA A METOOM WAHCOB CBOWTCA K cnemyiowel npouenype. Brasane
MBITAOTCA BEITENRTE MONKYR FPYITY WAHCOB, OTBEHAMIINY TAHHOMY COBEI-
Tio. ECAN 370 yOaeTca cienaTs, yKassiBaioT Bee Te W3 HHX, PEANH3AUNA
KOTOpBIX B HCEITAHWH paBROCHABHA cobt1THIo A. Takwe WAHCH HA3BIBAOT
Gnazonpusmemeyougimu cobtiTiio A. TlycTs 4HcAo GaaronprATCTBYIOWHX
wancos paswo . Togenws Wy Ha MONHOE YHCAO WAKCOB 7, TPHIEM K (op-
MyZle BEINHCIEHHA BEPOATHOCTH CAY9alHOTO COBBITHA MO CxeMe WAHCO!
Pla) =", ®
=
Remark: B 4acTsom ciyvae 0IHOro, GIarompHATCTSYOMIEro COBKTHIO
A, manca gopmyna (3) supoxaaerca 5 (2). Hpu 310M coburne A He 063~
sarensHo waeHTHHO mancy. Hampumep, 370 MoNeT GuTs BEHrpHI, NP
Brnatenny dera, cra faniapos (A = §100). B
Remark:  (6paTiv BHHMAHHE, 4TO CXeMa IIAHCOB BLIMHCTAST BEPOAT-
HocTs Bamaenn opaa (1.4} Kya GucTpee, YeM Jaxe CTATHCTHYECKOS MOJE-
AHpOBAHHE C MOMOIBIO KOMTBIOTEpA. Y Ke 3TOT NPOCTOM MpuMep y6enTens-
HO JEMOHCTPHpYET MOTERUNANEHY 10 > EKTHBHOCTS HCHHCTEHHA BEROATHO-
CTelf € TOMOIIBIO CXEMB! WIAHCOB, 1TO CPABHENHFO C METOIOM CTATHCTHYECKHX
wcnurannif, B

Remark:  Jameran 0IHAKo, STO CXEMA WAHCOB MONTH BCErTa CBA3aHa C
Tem wan HHMMH HSeanHsAUHAMH 0 ynpomennsmn. K npmvepy, suncias
 nomonsio popmyan (2) YNOMAHYTYIO BEPOATHOCTS BIMATEHS OPTA, ME
nonaraem, To 06 CTOPOHE! MOHETE ABCOMKOTHO pasHoEHHN. (HesHINO,
70 He coscen Tax. Bonee TOro, BCTPEHAKTCA MONETH CO CMEIIEHHNM LeH-
TpoM TAKECTH, nafaromme opioM H pemoff ¢ passolft wactotot. MoxHo
oAraTs TAKIKe, 4TO YNIOPHAA TPEHHPOBKA HIH CEINATSHAE MPHEMS 6po-
CaHHA MOHETH MOFYT CIeJaTS ee pasHNe CTOPOHN Hepaswonpashuiv. B
Takux CHTYAUMAX CXeMa WaKcos dasT ocewy. Bee 5To wazo mMers BBy,
noassyacs naeanmsuposanolf cxemolf warcos. M

1.2.3 Bpocanne apyx Kocreh

YuraTens yxe y6eqwnca B noTeNUHANLHON 3¢bcheKTHBHOCTH CYEMEI WaK-
COB NMpH HCHHC/EHHH BepoATHOCTelN pasHbix chywalineix cobsrTiti. TosTomy
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Tabmmia 1.1: Toacwer sepoTHocTell BHNaBWINX 0KOB MpH Gpo-

CAHHH mBYX WPanbHEIX KocTeft.

WAfleeMCA, 4TO OH C WHTEPSCOM OTHECETCA K IOMOMNHTEIILHEIM MHUEpaN, HIl-
IOCTPHPY LM £ BOIMOKHEIE TPHUENEHILA,  TOIBONAIOILIM HABHTE PYKY
LA WCMOMbI0BANHA CXEMEI WIAHCOB B CAMBIX PasHOOGPAIHEIX CHTYAUNAX.

B cpeanme Bexa, korma HTpa B KocTw Gmna wpessbivalino pacnpocTpa-
Wewa, Gpocani oGEITHO He OIHY, 3 KIK MUNWMYM B2 HTPANGHEIE KOCTH, f
YINTEIBANN CyMMapHOS YHCO OTKOB, BRINABINY K obenx KocTAX. B manwom
CNy¥ae B WCMEITARKAX peanusosuiBanich 11 coburuit {Az,... A}, coctoa
e B Tom, w70 BEITANG cooTBeTCTBERHO 2, 3 Wi 12 ouKos. Tlockonoky mpi
WTpe B KOCTH JENanCh SHASHTENLHEE CTABKW, HTPOKAM G110 HeGestinTe-
PeCHO 3HATE, KaKOBA BEPOATHOCTS BEIMAIEHHA TOr® MW HHOFD YHCIA. OYKOB.
Hanpuwep acna. §, Kax 8 cuTyammm, wsobpaxenwolt wa. Fig. 2.

TTpobnesta COCTONT B TOM, 4T0 MepeCIIEHHEIE COBBITIA HepasHONPaBHEIE
W cocTasweie: Kamoe W3 HWX PeanWayeTca NpH HECKOMBKIX PASHEIX KOMGH-
auwnx Gonee MpOCTEIX cOBHITHI -BHINATeNWAX, NP GpOCaNWH MBYX KocTel,
cooTsetcTRenwo, & i | wnena oukos. TloaTouy 3amaty HeACnewA BepoAT-
WocTelt cobsTnit {As,... Aya) yaaeTcR pewnTs, nHuw ABHoO ykazas rpymmy
UI2HCOB - HECOBMECTHEIX PABHOBOIMOKHBIX HMIEMENTAPHEIX coRITHH, W Mo~
CHWTaB, CKOMbKO W3 HIX GArOTPUATCTBYET ToMY WA WHOMY CYMMApHOMY
ancny ovkos.

OeBIIHO, WAHCAMH B TAHWOM CYYas ABNAIOTCA COBBITHA i, COCTOR
e & Tom, To Wa meprofl KocTH BETAno k owkoR, a Wa BTopofi ! owkos
(k=1,...,6 £ =1,...,6). Beero Taxnx wancos n = 6 X 6 = 3.

ieno wancos m, GTArOTPHATCTBYIOWNX ToMY W HHOMY CYMMApHOMY
“nCny oKoR, aect YOBHO MOICTHTATE BRYYNYID, MPOCTEIM Mepebopo Boex
BoswombX cHTyamH. C 3ToH HENLIO NONESHO COCTABNTS TABIWILY, B KoTo-
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[image: image16.png]Poll MO KaISIM COBSITHEM BEIMHCANS! GRAMOMpHATCTEYIOWME vy WaHCS.

Ha Tabmmust | suano, 4To HanGones BepoATHO BEITAEHHE CYMMApHOTD
aHena oukos 7. Moxer GHITh 3T0 OIHA WS BECKWX MDHYWH, MO KOTODEIM
Heno 7 canTaroT cuacranssin? 3aMeTHM elle, 4T BEPOATHOCTS BRINABIIETD
wa Fig. 2 “cocennero” wwcm oukos PAs) =5/36 % 0.130 samervo vensue
BepoTHoCTH BrIMazentn “cuacTnwsore” wncna P(A;) = 1/6 % 0.167

Remark:  Mnoraa, npn nocrpoennu Tabinnmst 1, cpaumsaror, mosemy
Somsuimncrso xomSumaunii A8y *ncen MOARIAETCA B TabnHIe ABANAN (Ha-
npumep 143 1 3+ 1), a nexoropsie (x npumepy 2+ 2), anus oxun pas? Bo-
npoc e Tax namen, Kax moxeT nokasarsca. [Jeno 5 Tow, uTo npn moacHeTe
rancos M (ABMO 1AM HEABHO) MONArATH, MTO KOCTH PAAIHWMMS! i paiie-
namn nx ma mepaymo i sropyro. B guaune scrpewarorca npuamnmansno
HepasnuMMbE neMENTAPHME YACTHIS, ANA KOTOPAX LIAHCH HAXOIHTSCA
B Tom HaH HAOM COCTOAMNH MpUXOXNTCA CHMTATS No Apyromy. W

1.2.4 Mcuncnenne BeposTHOCTeH CPEfICTEAMH KOMOH-
HATOPHKH

Hcnonusosannst, Mpw pewenwn Mpemsmymel 3aa5W, HemocpencTsen-
WElt MepeSop Beex GRArOMHATCTBYIOWNY WIANCOB WHTEpECY UK COBBITHH,
TOpolt Yepectyp rPOWOSIIOK, WNW BoGSILE HepeATleR, €CIH THCD OGLEKTOB,
VHACTBYIOWNY B WCMBITANWH (TeX Xe HIPANBHEIX KocTelf, HAMPHMEp), BeH-
Ko nnw nponasanbro. K cHacTero, Bo MHOMMY MomoSHEIX cHTYaUMAX oSuh
oTBeT ymaeTca BMIPAINTL ¢ Mowowsio KomGuHaTopHBI: chopuiyn. TTosTouy
ocTanoBMMCA WA HHX NoTpOBHO.

Harnswes scero JewoncTpHPYIOT cyTo popMyn KoMGHHATOPHIH 3amas
6 wasnewenni wapos e ypuer. Bostwem mpocTeliuyo 3agaty Taoro po-
a: TIyers B ypHy ¢ oTBepcTHen Movewens: N Wapos, a BEINHWAIOT OIHH W3
wix. Cnpawmsaercs, ckombkmi ciocobasin 7o Moxwo cremars. Kax mw
CTpanHO wa MepBsIt B3N, HO BOSMONHE paswle oTseTl. Tax ecni waps
Pasacust, K& TPHMEDY TPOHYMEpORaHE, To WueeTca I crocobos WaBnews
wap: nom Kowepow 1,2 wTax manee. Benw e sce waps: abeomoTHo MoxoxH,
HANpWWep Bce Genbie i Ge3 HOMEPOB, TO HCXOL HCMEITAHWA BOSTIIA OTHH = H3-
Bresenme wapa Genoro usera. Takww ofpasow, 4Tobw mats onpenenermelt
oTReT, TpeSyeTch foMONHHTENLHAN HHQOPMALNA O PAAHINMOCTH WApPOS.

Eyllem nomaras, wTo sce waps: pasnuvisl (Tponymeposant) n ssinc-
Wi, CRONDKMMH CToCoBaH boKHO HaBness A w3 irx. Tockonsiy pons wa-
POB MOFYT HPpATE MpeIMETS COBEpLIEHHO MPON3BOMLHOM MPHPOLSI: ABNOKH,
4NEHE) CTIOPTHBHON KOAN/IE! W [1AJXe PASHEIE BSFIIAE Ha. JKH3NG, HCTONS-
syew oyt Tepwwnonorwio. Bynew rosopuTs o6 ynopadovenoti exbope
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[image: image17.png]R 3neweNTOB 13 26NepaIbNOT COSORYTNOCIY BNEMERTOB

{1, b2, b)Y

ofzemn . Bie 3aBHCHWOCTH 0T MPHPOIS! OFLEKTOB renepantHoll CoBoKyT-
WOCTH, WTor ynop aovenHoll BHIGOPKH MOXHO NPEICTABHTE B BHE MoCneto-
BATEZIDHOCTH SHCE = HOMEPOB MOCTETOBATENLHO BEIGPANKEIX OGLeKTOB.

Ynopazosennsie BrGopKH ¢ BOzRpAmeNHeN

OBeyu [8e MpOUSYpH HIBIESSHIR GGEKTOB WS reHepansHOM coBo-
wymwocTw. Tlepsyro e M WazeiBasoT swboproll ¢ odepausENuEM, KOTTA
2MHCHIBAIOT HoMep BEINYTORO 2 YPHBI WapA, 2 32Tew KIMAYT er0 0BpaTHO B
ypuy. B 3Tom cywas ofWH i TOT e HOMep MOXET BCTpeTHTECH B BEIGOpKE
HECKOZIBKO Pa3 - CTONBKO, CKONBKO Pas BEINHMAETCH TOT e cambill wap.

CocHiTaEM THENI0 BCEBOIMOKHEIX Pa3IIIHEIX YTIOPATOUEHHEL BHIGOPOK
© Bosspauenven . wapos wa N. [lna 3Toro 3ameruw, 4To nepssifi wap
woxno BamyTs N pasmwmsium ciocoSas. Iockanbiy ero BozspauiaroT &
YPRY, To n BTopoli wap woxHo BeyTs I crocoSamw u Tax manee. B wrore,
NONKoE YHCIO PASMHIHEIX YIOPANOYEHHEIX BEIGOPOK PasHo

n=Nx Ny xN=NR @)
Sx N x§
¥

Ecnn waps: ssmmmaior wayrat, aScontoTHo npowssonswo, 1o wweno 1 (4)
- 370 CYMMA WANCOB, COMYTCTBYIOUIX HCBITANWIO = HIBJESENNIO YTOP-
Hovenwoll MocnenosaTenswocTn f pasnwsmex wapos w2 N, a seposTHOCTE
peanmsaumm mroBoro wa wancos pasna

P=p.
R

Tax, npw Gpocanuin woneTs, ee CTopoRS! BEITONHAIOT pons “wapos”, “wa-
Bnexaemsn” mpu Gpocasiw. A swasut N = 2. CnefosaTentHo, BepoATHOCTE
BHITATENWA, K MPHMEPY, BCeX OPNIOB MpH R KPATHOM GpOCAHNN MOHETS pas-
wa P = 27 Takosa e BepoaTHOCTS, K MpHMepy, Toro, 4To mepssift pas
BHITATET 0pen, 3 B OCTANBHEIX GPOCANHAY pellka.

Ynopasoennsie srGopku Gez mozepameni

Bropas ecTectsenwan npoueaypa BriGopKi - ymopagotennan ssiGopia
wapos ws N Ges 6036pQuIENIR, KOTIA, NOLHE OHEPEIHOTD WIBNEEHHA WAPA.
H3 YPHEI, B Hell OCTASTCA ONHWM WAPOM MeHbwe. A 3HAYHT 1-H 3nmement
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[image: image18.png]BEGopic MoxHo BrGpaTs N pazweiw crocoSasm, sTopolt A — 1, 2 nocnen-
wih (N = R+ 1) cnocobasm. Taxwy oSpasow, Monwoe wHeno pazseusenul:
BCEROIMOHEIX PaaMHINBIX YMOPATOTEHHEIX BEIGOPOK Gez Bosspauenis R
wapos w2 N paswo

A
N{N=1)...(N = 1 —_ (5
B ®
B wacTHocTH, mpH R = IV Monyvaew KOMHECTBO nepecraaosor
n= N ®)

CToMKIHMH PaanHIREIME CMOCOGAMH, HANPHMEP, MOXHO BEICTPONTS B We-
penry rpymny s N wenosex.

Tipuwmep: Y xe npusenennas mapa. koGunaropnsix ropuryn (4) n (5) no-
3BNAET M0RONEHO MNYGOKO HCCNETORATY WHTepecHEIN BOMPOC O HeCOBMATE:
fouux mHax poxtenns B rpymme w3 R wkonswmkos. Ilomsiacuca ouennts
BepOATHOCTS, ¥TO W poATeHHA Beex JL WIKONBHHKOD pazHEle.

Kax u B peancesix MpHKNAIWeIX MpoGnemax, ¥Tos MomywNTo oTser,
Wajlo cIenaTn pasyMHBle MomyWeHHs, ¥T05bl BHIPAOTATE OCTATONHO ATe-
KBATHYIO MaTemaTHveckymo Momens. ‘TAKHMI IOMYULIEHWAMI TPHMEM, 4T0
KonwecTBo Awelt B rogy paswo N = 365, 2 nKomH ¢ paswoll BOIMOKHOCTEI
poxaanTea B Aol ent rom.

OchopuyIHpyeM MOCTABNEHHYIO MATEMATHYECKY 0 321aYY W AIBIKE YTo-
pamovennsIx BGopok. [l 3TOrO MEICTEHHO NMPEICTABWM BeSBOIMOIKHEIE
MW poIIEHHA Kax WAPE! B YpHe, TPOHYMEpOBAMHEIE Mo AW & roxy. Bee-
To Taxnx “wapos” 365, a IHATNT WMEETCA reHEpANEHAA COBOKYMHOCTS WZ
N = 365 anewentos.

HaSop weli pozx et F Wiko/bHHKoB, MepemcanEil 13 CTOMKH aHKeT,
PaznoxenHEIX B anchABHTHOM NP ALKE, COLTABIAST YIOPAIOUEHNYIO BRIGOP-
KY © BoIBPALEHHEM, NOCKOMBKY ANH POXKIEHIA PISHEIX WKOMEHHKOB Mo-
ryT connagars. CnemosaTentHo, MonHoe YHCNO 1 pazHBl: KoMGHHALNH el
poxaenun - wancos - mano dopuynoft (4). Uneno xe GmaronpuaTcTayI-
WX 0Bcy KaaeMOMY COBHITHIO WACOB PABHO MoMHOMY THCAY YTOPATONEH-
weix BmiGopor Ges Bozspamenny

m=NN=-1)...(N=R+1),

MOCKOMBKY B COOTBETCTBY IOWIX MOCNENOBATENBHOCTAX IHel POKIEHHA Ka-
Xpan faTa seTpewasTca He Gonee omHoro pasa. Tlomenws wweno Gnaronpi-
ATCTBYIOWNX WAHCOB KA MONHOE HX YHCIO, HAllIEM HCKOMY KO BEPOATHOCTS

im=(-5)(-5) (- 55) @
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[image: image19.png]Tpadik 370l hyHKUNW UENOUHCIIEHHOND APryWEHTa. HIOBPAEN CTYMeNbKa-
s wa Fig. 3. %

Eas

Tpaduk sasucHMocTH beponthocth P(R) (7) o 4HCa wkonbHuKos
R B rpynne (crynensaran aunna). Thankoh nubued waoBpasen rpa-
MK, nocTpoeHHIH No npHBAHKeHHOR dopuye (9).

Remark: Gopuyna (7) sepoatroct neconmanenns aneli poxenna “e-
npospauna” u Tem Gonee rpomoaaKa, uem Somsuie R. [Tosromy mmoraa mans-
ayrorca Gones yaobuolt annpoxcummpyrowelt Gopuynofi. Ee yaaetca noay-
4HTE, He BROCA GOABINON NOrpewINOCTH, MOKA

R<N. )

Toraa enpaseannss npunucenne pasencrsa

() l-i)

Bavenuy ¢ ux moMotsio comsoxuTenn 5 (7) Ha scnonenTs. B urore, no-
Cie CYMMHPOBANIIA Apiih METHIECKOM NPOTPECCHH B OKASATENIE SKCIOHEHTE,
nprzem x annpoxcuMupyomel dopmyne

ey

P(R) = e~ ©)
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[image: image20.png]Ee rpachur, noxasanmmiii na Fig. 3 rnaaxofi nnmue, Guisox x crynensatomy
rpaguKy dynxumn (7) npu mrobux R, rae uccuenyemas seposrsocts eie
samemno ornmuna ot myms. Ilo>romy opmyna (9) xopowo paSoract me
Tomsko npn yenosun (8), a mo cyrn ana mobsx R, snors 1o R=N. W
Remark: B aansneliuien v et e pas BoCTons3yenca NI0IOTBOPHEM
NpueMOM 3aMeHN GAHIKHX K STHHHUE COMHOMHTENE SKCTOHEHTAMH, 117
BHBOTA BAKHLIX AHATHTHYECKHX COOTHOWeNHH Teopun bepoaTHocTH. B

Remark: Busezennas suwe opyyna (7) beposTHOCTH Hecopmagesns
AHEH PO IEHNA CTY KT NPEKPacHOft HIMOCT PaLTHER TOro, KAK MATEMATIHde-
CKHe (i BepOATHOCTHEIE B TOM HHCIE) BHBOIE NOPOH MPUXOIAT B BOMMOLEE
nporusopenne co “sapasmiM cmmiciom™. B camom aene, nocnexsuit momcka-
3HBAET, UTO BEPOATHOCTH HecoBnATeMmit Awelt poxaesuit 8 rpynne us 150
senosex Janwwa 6uTs Sauska K 1/2. Moncuer xe no dopuyne (7) zaer:

P(R = 150) = 2.45 x 107'¢.

Hinaie ronops, 3a BCro HCTOPHIO HeZIOBENECTSa BPA it BCTPETATACE rPYNTA
13 150 senoex (nepBoBaTROro MieMens, POTH COTIAT WTH COTPYIMHKOD
eSansmolf upws), B KoTOpOll Bee aMH poxaenmA Guin u pashme. Ko-
Heuno, eca rpynna se moabupanacs cnennansHo no >Tomy npiznaxy. W

Coueranus

Bepremcn k& suopkam Ges sosspauenn. [lo cux nop, mpw momcuere
wx monore wncna Mo Qopuyne (5), MPHHWMANCS Bo BHUMAHHE MOPAIOK, &
KoM BMeWENTEI reHepanboll COBOKYTHOCTH MoBNANCE B BMGopKe. K
MpHMepY, MoNaranics PasHEIMK BEIGOPKK

@n (4 (10)

ETBEPTOr® U CATLMOTD WIAPOB, HIBJENENHBIX HZ YPHEI ¢ embio wapawi. Bo
MHOTWY CHTYAUNAX MOPAOK, B KOTOPOW HIB/EKAIOTCH BEMENTE! NeHepal-
Wolt coBokymHoCTH, HecywiecTaenen. Tax, myGnuKys TSN BBINTPEILINBI
NoTepeliNEIX GHNETOB, HX HOMEpA YKa3HIBAIOT B TOPAIKE BOSPACTAKA, & He
B Tom, B KoTopoM W WIENeK;W P poasirpsime noTeperr. To xe mpowcyo-
T MPH HTpe B KAPTH, KONTA HIPOK PAZKNANBIBAET CIANBIE eMy KAPTEI Mo
MACTAM, 3 We B MoCHETOBATENENOCTH, B KaKoli oMW GsIn CaNE1. Awanorws-
WO, CHNTAA ronoca, NOTANKEIE 32 TOrO WA WHOTO KANIWIATA B NPEIIEHTEL,
COBEPUIEHHO He Y IHTHIBAOT, B KAKOM MOpATIe OHH GBI MOTaNEI.

Bo Bcex MOTOGHEIX Cny X PasfHINBIMI cCTECTBENHO CHHTATE BEIGOPKH,
oTAWNasoweCs NHWE BnevenTaNK, 3 He MopaKom WX cremosanwa. Tane
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[image: image21.png]BEIGOPICH 622 YHeTa MOPAIKA CSIORANIA IEMENTOR HAIBIBAOT COVEMANIR-
.

ro61 Walii nonmoe wwcao coveranuhi R anementon ws N, cocrasnato-
LUX FEREpANEHYIO COBOKYITHOCTS, MOTEMNH THCI0 YIOPAONENHELX BEIGOPOK
Gea BozBpatenia (5) MO KOMNYECTBO BCEBOIMOMNBIX MpECTANOBOK OTHIX
W Tex xe R anewentos. Tocnemnee, cornacko (6), paswo ! Mogemns (5)
wa R, walizew, wTo wncno coveramwhi R anewentos wa N pasnmerca Tax
WassBaemomy Sunontuatonosy Kosd Guruenmy:

() - e m

Thnepreomerpirieckoe pacnpesenetie

Kax w zpyrwe dopuyns: kouSwwazopicw, opuyny (11) nanpauyto we-
oMo B TeopHi BepoATHOCTEM. [lnA WANKOCTPAUNH PEWINM CrETYFOULYRD
samasy:

Tipuwep: Hs xonoms: s 36 kapr wayran sumwsaior Tpw kaprel. Kaxosa
BEPOATHOCTS, TO CPEN HIX OKAXETCA OTWH W TONBKO OTHH TY2.

ieno WaHCOB B TaHHOM ClyYas PABHO KOMWHECTBY BCeROIMOXHBIX Co-
X kapT w3 36

(36) 36 % 35 x 34
n H x5 x4

3 Txaxg T

CocuTaey HEn0 WanCoB, GIAroMpHATCTEYIOWIX 05cy KIAEMOMY COBHITHIO.

JInR 37010 3aMETHM, YTO OIHH TY3 MOXHO BHIGPATO (;) 4 cmocoGastw.

Ocrasuinecs mee KapTh woryT 681Ts suGpant: (%) = 496 crocoGammn. Taxww
06pazow, THCI0 GRArOMPHATCTBYIOWITX WaHCOB pasHo

m=4x496 = 1984,

2 WCKOMAA BEPOATHOCTE TaKoBa

1984
n T4

0.278.

ViWBIMH cr10BanH, SyTS Yalle YeM KaXmsIf veTBepTsIf pas, HFPOK, MPHKY-
marownl TP KapTsl, noAy«HT Tysa. d

OBpaTHM BHIMAKHe, TO NPH PLUICHHW 3ATAH MBI 10 CYTH Pastwnn Kap-
To1 Ha. B3, cOpTa: Ty308 W He Ty308. TTOTOGHAR CHTYAUNA, KORIA. reNepanbHAT
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[image: image22.png]COBOKYITHOCTS COCTONT W2 3MEMENTOB [BYX COPTOR, THIWYNA. [U1A MpHIOXe-
wutt. Hanpuuep, npi NPOWSBONCTBE HEKOTOPEIX W3ZenwH, MY MONpPA3IenAOT
Wa KavecTREHHEIE W GPAKOBANHSIE, & PH KOTPOIIE KATECTBa WHTEpECYIOTCA
“HCNOM GPAKOBANKEIX B MAPTHH MPONYKUWH, MpeCTaBNeHHoN HA MPOBEPKY.
BosHHIAoUHE TPH 3TOM BePOATHOCTHEIE MPOSIENSI PEWaloT ¢ MOMOILEHD Zii-
nepaeonempueckozo pacnpede.aenis.

BeiBeliem ero, N0Ab3yACE TEPMRHONOrHeH WAPOB, HIBAEYEHHBIX W3 YPHBIL.
Tyers & ypre waxonwrca ¢ senewsix wapos u 7 kpacwerx. Hayrax seinmasor
a wapos. TpeSyerca HallT BepOATHOCTS, 4T CPeaN HHX POBHO b KPACHEIX
{a= g < b< min{a, 7}). Paccyxmenns, ananoruansie Tew, koTopsie mpise-
K HAE K PElWeHHIO Mpemmyilel 3amaum, naoT

Prylat)= [S10H]

) ®

Tipuwmep: Tlyers s ypre 7 2enensix wapos w 3 kpacwsix. Homaynce rmep-
IeOMETPHYECKIM PACTIpETEneNHen, BEIACHHM, CKOMBKO HATO BEIRYTS WapoB,
470581 BEPOATHOCTE HaBMIEHE POBNO B2 KPAZHEIX Wapa Geina HanGombuel.
OBoawasmu wweno BMMMaeHED wapos 22 7 ( = a). Torma, cornacwo (12),
22BHCHMOCTE BEPOATHOCTH HIBEYD B2 KPACHBIX WAPA OF THCIA. HIBJENEH-
WeIx wapos omncaiasTa by MKl

Ple)=3 (112) ('f)' 13)

uenowncnentoro apryventa z. Ipaduk ee moctpoen wa Fig. 4. Jnn awa-
wewnti = = 1wz = 10, npw KoTopsix wwcawTens & (13) e onpemenen,
wenonsaosans: oweswmsie pasencrsa P(1) = P(10) = 0. Mz rpadmrca sua-
Wo, o WarGonbwan BepoATHOCTS HaBnews 1B kpacwsix wapa P(7) = 0.525
npwxonuTca Ha z = 7. Tlp GAMBLINK HAEHHAX PryMENTa BePOATHOCTS
YMENBUIETCA MPOCTO MOTOMY, YTO CTAHOBHTCA Goflee BepOATHBIM HIBZEWS
We m8a, a Bce Tpw kpacHsx wapa K
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[image: image23.png]P

Fig. 1.4

TpadHK SABHCHMOCTH BEPOATHOCTH H3BNEEHHA 1BYX KDACHH X WIAPOB.
3 YPHH € CEMbIO SEMEHIMH H TPEMA KPACHHMH LIAPAMH, B 3aBHCH-
MOCTH OF UHCNA £ BHHYTHX WapOB.

1.3 BepoATHOCTb U €€ apTyMeHTbI

Msi yixe aWaew, ¥To soamoxHEIe aasenns BeposTHOCTHON chyWRINH
P(4) obpasyror exnwmmsihi wnrepsan P € [0,1]. Mprerymm « obeyxe
w0 aprymenTa P(A). Mot womer Guits nrofoe cnywalinoe cosire A. Cxe
3. WaNCOB MPETOCTABNAET MPEKPACHYIO BOIMOKNOCTE HAMAINO MPOAAIC-
cTpposats ocHoswsie croficTaa. apryventa ywkimn P(A) -Bcenoamiommex
cnywaineix cobaiTul, a Taoke cawoh dymewn P(A). Hawnew c anamma
coberTH.

1.3.1 Co6uLITHA H MHOXKECTBA

HarnoMHWM, CXeMa WAHCOB WCXOMHT W3 TOF0, STO WMERTCA NOMHAA FPYMIIA
7 HECOBMECTHBIX PABHOBOSMOIXHBIX SIEMERTAPHEIX COBHITHN ~ WaNCOB

2= {wn, way .onain}y m

 MOMOWEIO KOTOpEIX BEIPaIXAETCA NKOGoe Y Toe COBBITHE, KaKOE TOEKO Mo~
sxer mpowsoltTi & wemsrraniw. Tpi sTow MHoxxecTso €} (1) wassiBatoT npo-
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[image: image24.png]Cmpancmeow 3nemeNmApNE Cobuml, 3 NKGoe Ero MOTMHOXECTEO NPOCTE
cobsrTmen.

YroS1 omcaTs cnywalifbie coSHITHA MATEMATHYECKH, OIHAKOMHMCA ©
OCHOBHEIMH MOHATHAMM TeopHH MHoXecTs. Cornacko eff Kaxmoe cobbiTie

eCTh HeKoTOpoe MoTMHOXeCTBO MHoKecTB. f) anemenTapHEx cobsmit. Tax
cobriTne

A= {un, we}

ecTh MHOXecTRO, CocToAUEe 12 GRArOMpHATCTBYIOWNY cobsITHIO A aneven-
TapHex cobBITHl wp W ws. B Teopnu uHOXecTB 3ToT akT 3anHCHIBAOT B
Bue

A= U @

3necs 3wak L) seipaxaeT ofepaunto obzedunenus mroxects. Mroraa onepa-
U OGBEHHENNA CHMBONKIHDYIOT GOnee MPHBSIAHEIM HAM SHAKOM +, 32-
nHesBAT cooTHOmeNWe (2) B BrIe

Aswstus,

a cobsrTie A wassmatoT cyataolt cOBBITHN iy W wy.
Onepaums oGheIUHEHIA MPHMENHMA. He TOMLKO K SMEMEHTAPHEIM cosl-
THAM, 3 K MG mpyris wroxectsam. Tax wHoecTs0

C=4uB [©)

COCTONT, Mo GMpeIeNeN o, W3 Beex /IeMENTOR, BXOLALNY XoTA B8l B OIHO W3
wroxects Aw B. K npuviepy, nycte naws: cobsirna

A=w Uiy 0 B=uw, Uy Uiy )
Torma cobsrrae € (3) paswo
C=in U Uiy Uiy .

B Teopui BepoATHOCTEN, SANMCTBYA OMEpAHH TeODHH MHOIKECTS, MOMb-
3y10TCA HeckonbKo HHOl TepMiHonorwett: ToBopAT, ¥To cny watinoe cobsiTHe
C = AU B nponaoliieT 5 HeKOTopow HCTEITAHMW, €CTH B HeM peanuayeTcs
Xor 681 omHo w3 cobsrTuh A wnw B (wam o6a suecte).

Jlpyras, BaHan f1n TeopHH BepOATHOCTeM, OMEpAIN A TEOPIH MHOKECTE,
onepauns nepecevens (npoussedenus) cobsimuti. Ee oBoawawasor cnuonon
0 (ww anaxon yuwomens). Tlo onpenenenuto, cobsrtre

D=ANB (wm D=AxB)
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[image: image25.png]WMeeT MeCTo TOrIA. i TONBKO TOTIA, KOTIA B HCMBITAMN PeAHIyIOTER Cpasy
o6a cobsmna A w B. Tax peaynsratom mepecewenms coSuruti (4) Gyner
wane D =ws.

Remark: OSseammenne mmoxects ) obso acconmmpyror ¢ comsoM
“nan”, a nepecesenne ) supaxaot coosom “u”. W

Ecom coSuiin A w B HecoBMecTHsI, To Wi 6aronpuaTcTayior rpymme:
wancos, we wwerowwe oburx anemenTos. Toria rosopaT, ¥To Mepecevente
A w B obpazyer nycmoe ancoecmso w 3aTHCHIBAIOT 3T0T Ak B i

ANB=2. 5)

Bnecs @ cumBon nycmozo mmoowecmsa. B Teopuu BepoaTHoCTeN HMeHHO
10 HATBIBAIOT WEGOTMCOCHMA COSITHEM, He HABMIONAMOLITMC I B OIHOM
wemsirannn. HanpoTws, coSeiTwe £, o6beunmolliee Bee WARCH, HASHBAOT
Jocmoseprat coSKITHEN, NOCKONBKY B NKGOM HCMBITANNW BCrTa peaniay-
eTcn xoTA 661 o wanc.

Haw nowagobwcs ewe omepanns sxwimanus whoects. Hasosew co-
Guitwe £ pasnocmono coSsimuli A n B, n sanmuen mannsii paxt & popue

E=A-B, ®)

ecam coleTie £ cocTonT B ToM, 4To MPOHCKOIWT coSerTie A, HO He Mponc-
xomur B. Oveswino, 8 cnysae (4) £ = iwp.

Oriepatins BEMHTANNA AET BOIMOKHOCTE ONPETENNTS elie OTHO BAKHOE
TOHATHE TeopH BepoATHOCTEll, MONATHE NPOMUSONOACOKHO20 CobNMUS. A
WenHo, coberTHe

A=0-4. @)
HA3LIBAIOT NPOMUBONOACGHNUM COBUITHIO A. CMBICN HISBANWA CTAHET ACEH,
econ coobpaznTy, w0 cobHITHE A peaniayeTca TorTa i TMbKo TONA, KON
He MpowCXOHT cobbiTHe A. OMEBHaNO, CTPaBENHBE CHely KllHe TOKAECTBA.
Teopiu MHoxecTB:

AuA=n, ANA=o, A-A=4A.

TomobHere n Ganes coXHEIE A7IMeSpaNIECKile COXTHOWIEHA MEXY PasHT-
HBIMH COSBITHAMH HIPAIOT BAIKHYIO POMIb B TEOPHH BEpOATHOCTEH.

1.3.2  Anrebpa cobuirmit

Bo2HAHM MHOIKECTBO BCSBOIMOKHEIX MOIMHOKECTS MPOCTPANCTEA 316
senTapueix cobsrmmt {2 (1), Bicrowan camo MHomecT8O L  MycTos MHOME-
creo 2, Gyxeott F. Taxwnw obpazonr,

QcF,  ocF. (s2)
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[image: image26.png]Kpowe Toro ovesmawo, 410
ACF = AcF. (8b)

Ouesnano Takxe, wTo NoGee oSneMHERIA 1 Mepeceventa BxomAIX B F
MHOKECTS TaKiXe NpHHANEXAT MHOXecTBY F:

AUBCF, ANBCF. {8c)

MromecTao MHoxecTs F, 117 Bcex 3MEMENTOR KoTOPOFO CMPABEIANES] o
oTHowenwA (Sa-c), HasbIBaNOT Cazebpoll aoowcecme.

Remark: B 7ex cayuanx, xora npocTpancrso §} colepIuT Koneunoe i
0 7 2MEMENTOB, HETPYANO MOICHNTATS OMHOE HHCHO MNEMENTOB ANTE6ps
cobsaii F. Yrobs ciemars 7o, ConoCTaBN KAXIOMY 2MEMEHTY Anreps
F nocnexoarensmocts na n myneli u eannnn. Hanpivep

A=1{0,0,1,0,1,1,...,0,1,0}, )

rae exunuma 5 k-if nosnuin osmavast, 470 anemenTapHOE cobaThe Wy Gna-
ronpusrcrayer coburiro A. Ecau e ner, To Ha >Toff mosumun CroNT Hymh.
Bo B3saHMHO-0THOSHAHOM COOTRETCTBIN MESY BCSBOIMONHBMI TOCHETO-
BarTens HOCTAMH Hynielf i STHHHI JIHAS N H >AEMERTaMH MHONeECTBa F Aerko
YBETUTLCA, SAMEHIB STHHHIIE COOTBETCTBYROINMI IEMEHTAPHS Ml COBNITI-
A wy. TIpHuen mocneIoBaTensHOCTs W3 OJHHX TOXBKO Hymelf oTBewaeT
HEBOIMONHOMY COBNTIIO, & 3 SXUAHI = TOCTOBEPHOMY COBNTIIO:

2={0,0,...,0), f={,1,..,1}.

CrnesosarensHo, nciio snementos F pasHo 4HCIY NOCIEA0BATENBHOCTEH Hy-
Jieft u exnnnn. PasnmuHme MOCTETOBATENBHOCTH N Hyael H eIHHAI MOKHO
cocrasus 2° criocobam. [leHCTBHTETEHO, eCTE 5a BAPHANTA BHGOpA Mep-
boro uncaa (0 wan 1), 1sa papuanta puEOpa BTOPOre i TaK Janee. (ieto-
BarensHo, Beero BapHanTos BHGOpa

2x2x%

Bro 1 ects uncno anementos anrebpe coburaii F. B wactrocts, Spocanmo
nrpansrolf KocTn oTsewaET § anemenTapHEX cobuTnll, a anawnT anrebpa F
cocront 13 2 = 64 cobeurnti. [Tp Gpocanun onolf wonerst (r = 2, Moxer
peanmonarsca 2? = 4 cobumma:

F={2, head, taif, 0}, (10)
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[image: image27.png]a npu Spocanin 2-x morer 2* = 16 coburuit. Toneano, » xavecTae ynpaxse-
HHA, BRITHCATS 1 NPOKOMMEHTHPOBATS BCE HAEMENTH 5Tol anrebpal coBNTHM,
[]

Remark: Ecan komy-To Resoamoxoe cobTne &, cotepacamesca 5 an-
repe (10), ace eme Kamerca cunuKoM aGCTPAKTHEIM, NYCTs MOKA CHHTaET,
470 370 NaTenne MoMeTH Ha pebpo (N PACKANNBANIE MOHETS HA MeIKIE
Kycouxu). B

1.3.3 Caoiictsa BeposTHOCTeH

o cHX Nop, MPH KCHCTEHHH BEPOATHOCTEN PasHbIX cOGBITHH, MBI MPH-
Geranw « cxeme wancos. TIpuina Mopa MPHSHATECA, T e= BOIMOKHOCTI
ovtens nesenmin. B GonbumHcTse peansnsix cuTyauwh He yIaeTca He Tonsko
COCUNTATE, HO e yKazaTh Bee WaNCH! Toro AW WHoro cobsTa. Tpue-
pow MoxeT cnyxuTs cTpensGa mo wwenw. Iyns mpoSweaet & Muwent
OTBEpCTHE, U CYWECTRYET GecqNCNeNHOS MHOKECTBO BOIMOXNEIX pacriono-
KeHul oTBepcTHA Ha MHwenn. Tem He MeHee, UEHHOCTD CXEMBI WAHCOB He
OTPANIMNBACTCA YIKHM KIACCOM BEPOATHOCTHEIX 332, KOTOPEIE MOZKHO pe-
wiTe ¢ ee momowsro. Jeno B Tow, 4To ceoficTea BeponTHOCTHON yNKUMI
P(A4), KoTopHle HETPYIHO YCTAROBHTS B PaMKaX CXEMEI WIAHCOR, H KOTOPSIE
COBEPLIEHHO HEBOIMOKNO IOKAZATY B Gories OBULIN CHTYALNAX, TeM He We-
Hee OCTAIOTCA CTPABEAABIMI BCETIa, i X MPHHHWAIOT 32 KCHOMS! TEOPHH
BepoATHOCTeN. MIHEIMH CrIOBAMH, CXEMA LIANCOB BEITOMNAET B TEOPHH BEpo-
ATHOCTEN BAXKHY 10 3BPHCTHYECKYIO POMb.

TlepesHcAHM HECKONBKO TakHX CBONCTB BepOATHOCTHON (hyHKUNH, NMpe-
ENIbHO oMEBWINSIE B PAMKAX CXEMBI WaKCOR. ITo MpEe BCero yKe Yo~
MAnyToe HepasencTao

0<P(A)<T, an

serTexasoues na opurynes (2.3) i w2 Toro axTa, wTo wHeno m Gmaronpw-
ATCTBYrOWX NIOGOMY COBHITHIO WIANCOB YIOBMETROPAET HEpaBEHCTBY.

0<m<n,
rite 7 ofies weno Wwancos. Bo-8TopsIs, 1A OCTOBEPHON CoBEITIA
P@)=1. (12)

[leficTnTentHo, ToCToBEpHOMY COSHITHIO GRAMONpHATCTBY 10T Be WanCH: T =
n. A awawnt, no dopuyne (2.3), crpasennweo pasewctso (12). B oSuen
cnywae pasenctso (12) BHPANAET OIHY WS AKCHOM TEODHW BepOATHOCTEH:
Beposmuocms docmosephozo cobumu peawa edumie.
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[image: image28.png]AWanoruiHo, BEpOATHOCTE HEBOIMOXHOMD COSHITHA pasHa. Hymko:
P(2)=0, (13)

NocKonbky emy GnaronprATCTEYeT Hynt wancos (m = 0).
Tyets coSeiTin A w B ecomMecTHBI, TOrIa BepoATHOCTS 0GbemWHEN A
3THX coBHITHN pasHa

P{AUB)=P(A)+P(B) (4ANB=2) (14)

cyMMe BepoATHOCTeN. JTo 3amMewaTensHoe CBONCTBO BEpOATHOCTEN Heco-
BMeCTHEIX COBBITHH 3neweNTapHO HOKAZaTh B paskax cxeve: wancos: TTycts
cobsiTuo A GnaronpuaTcrayer @ wancos, a cobsmnmo B - b wancos. Ma
WecosmecTHoCTH cobbITuH A W B cremyeT, 4To 3TW rpymm! wamcos He co-
AepAAT OGUUIX BMeveNTOB. A IHATHT YHCNO WANCOR, BAArONPHATCTBY oL
oSnemunennomy cobmiiio ' = ALB, pasHo cymue WanCOB KaI0r0 13 051-
enmaemeax coSuimit (c = a +b). Taxwu oBpazow, cormacho cxeve Wancos,
BepoATHoCTS aSnemunentoro cobaiTia C paswa

P)= 2=t tpa) 4 p(s).

B obuem cny«ae pasenctso (14) HeIOKasyeMo i ero MPHANMAIOT 32 AKCHOMY.
Do TaK HasHIBAEMAN WRCUOME KoMeoll a)MITMUSHOCTIA TEOPHI BEPORTHO-
crett. Oywunio P(A), oSnasamuyio ceotictsom (14), nassisarot aiumue-
wotl gywryuets mMocecns.

TTyeTs Was WasecTHa BepoATHOCTS ewoToporo coStiria A. Halizew se-
POATHOCTE MPOTHBOMGAOKHOTG eMy cobsITHA A. JnA 3T0ro HOCTATONHO 3a-
MeTHTG, 4To ecni coNITHIO A GRArOMpHATCTEYeT m WaNCoR, To coSEITHIO
A = — A 6naronprATCTBYIOT Bee ocTaBlWec 7 — m wancos. (neosa-
Tensho

— _m-m m
P(@) -z
WM, WA, BepoATHOCTHOM AIBIKe,
P(A)=1-P(4). (15)

Tlocneanes paseHcTso, CIPABENINBOE A MPOKIBONLHOTD COBHITHA A
NPOTHBOMONOXHOG €My COGBITHA A, MBI yiXe MOXeM IOKA3aTs B Camod
obem caywae, omwpasce Ha axciome (12) w (14). deficTentensho, cobumia
A W A HecoBMeCTHEI, CAle0BaTeNtHO, cornacko (14),

P(AUA)= P(4)+ P(4).
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[image: image29.png]C npyroft cTopox, cobsiTie ALIA = (2 ecTh ocToBepHOE COBRITHE, BepoAT-
WocTh KoToporo paswa enwmue. Takwy ofpasow

P(4)+P(4)

-P(4).

=  P4)=

Touno Taxxe, B oflew cnywae ymercs mokazats pasewcrso (13). B
aMoM [Iene, NOCKONBKY COBBITHA O  {} HECOBMECTHBI, H3 AKCHOMBI KOREHOHN
ALIHTHBHOCTH WM

P(2U0) = P(2) +P(0).
Aanee 2 1) = 0. CnenosatensHo, nocnenes paBeHCTBO MPHHAMAET BHIT

P()=P(@)+P(R) =  P(@)=0.

1.4 TeomeTpuieckoe onpeneaeHne
BEPOATHOCTH

Kax y3Xe HeomWOKpaTHO ynowmmanocs, cre-
3. Wwancos BYKcyeT MPH pewleHH MHOMHX Bepo-
ATHOCTHEIX 3amad. YGemrwcA B 3T0M Wa mpH-

Mepe MocpencTaenmoro crpenka: O HWkorma He
MPOMaXHBAETCA, HO ¢ PaBHON BOSMOIKHOCTSIO Mo~

namaer & nobyro Touky wwwenw. Tlycrs paw-

¥ MHwenn pasen R, i Ha Hell HapWcOBaNE! IBe
KomuenTpHweckwx oKpyxHocTH, pamwycasn Fif3

w 2R3, pasmenstouwe unwens Wa TP oGnaLTH

(cu. Fig. 5). Tpefyercn nafimu sepommocts To- g 1.5
To, 470 CTpenoK MOMAteT B UEHTPANLHYK 0GNACTS

snuern.

Tonwywo rpynmy wancos (2 & manwow cny<as
oGpasytor ace Towkw wmwenn. lacs e, GnaronpuATcTRyIOWIME COBBITHIO
A, COCTABNAOT TOUKN UeWTpanbHoro Kpyra. ‘Wco W Tex W Apyrwx Gec-
cHeTHOE, MOaTOMY 3lech Henban HANPAMYIO BocTonk0BaTECA opsyol (3).
Tlonoxenwe cracast ToT $aKT, 4T0 HATO SHATS He CAMH KON YECTBA. TOTEK, 3
e wx oTHowenwe. TocnenHee MOXHO HATH, HIMEPAA KONHYECTBO TONEK
WekoTopolt o6nacTh A Gonee momxoLAEN B TANHOM cayTas Mepol - Mnoua-
610 06mcT. B WTore yIaeTca onpemenNTs BepOATHOCTL WHTepeCyIoUiero
cobsmua o hopryne

MHuens ana crpentou.

U]



[image: image30.png]B wccnenyemoll samate MAOWATH MHIEHH i UERTPASILHOMD KPYTa. PABHE!
S =rR W S(A)= gm .

Cremosarenno, HCkoMAR BepOATHOCTE TaKoRa

1

PlA)=3

Ha chopurynss Twna. (1) omepastes zeomempuecruil aemoil ucuucaenus
seposmocmedl. YToSs MPUMENNTS ero, CTAPAIOTCA COMOCTABNTE MOCTPaN-
cTey anevenTapHsIX coBBITHN () Wexyio 0GMacTS, ToukH KoTopoll HaoBpa-
AIOT InEUENTIPHBIE HCXOB! HCMBITANHA, 2 WHTepeCyroWEMY COBBITHIO A
nonobnacts mpoctpancrea © (A C ). Tpw aTom BeposTHOCTs cobsiTi
BEIHCAAIOT KK OTHOWeHWE aep oGnacTel COBITH W MPOCTPANCTEL ame-
MenTapHIX coBsITil (1 anwH, Mnomaiel, 06 BeMoB 1 TaKk Tanes)

Ocpepa mpmvenenma reoverpueckoli cxe-
MBI HCUHCIIEHHA BepOATHOCTEN MOBONEHO M- 4y
wanrenswa. Tocnemwes conzano ¢ Tem, 470 reo-
MeTpeckiMM OBpasaMM yMaeTCH BHIPAZNTO
camble paswoobpashele coSerTa, WA mepssif
BaMAL He WMerOWHe KaATENBCTEA K MAOWA-
amm w ovemaw. Tokamew 370 wa mpuviepe
BYX HIBECTHEIX BepOATHOCTHEIX 322,

1.4.1 3agaua o Bcrpeye = =
Fig. 1.6
Jsa mpYra yonomWMNCH BCTPETWTLCH ¥yl o
cponrama b Tewente vaca mocne nonymwn. Ka- ool

KEIl 3 HHX € PABHON BOIMOKHOCTBIO MOXET
MOABHTECA B HASHAYEHHOM MecTe B NIIOGOH MO~
MenT yenonenmoro waza, nocae wero xaet 20
MHHYT W yxomnT. CnpalmBaeTcs, KAKOBA BEPOATHOCTE BCTPEHH Ipysel.
TeoMeTpHYECKN BHIPASH WHTEpECY Ollee HAL COBBITHE, N7 Yero oGosHa-
N MOMENT MpHXOT oWOrD 2 Apy3eH 32 T, 3 APYTOrD 32y, HIMEPAN BpeM
5 myTax. BesosuoxHEIe fleMeNTapHBIe COBSITH: Mape MoMenTO (T,y)
npixonos Ipyselt, Gyem TPAKTOBATH KAK KOOPIWHATE! TOUeK HA MIOCKOCTH.
B WTore MPoCTPaNCTBO aeveNTapHEIX coBsITil MpHMET B, W30GpaKentoro
wa Fig. 6, ksanpara, mnwwa. cropon koToporo paswa 60 (wmHyT).
JIpyana BCTPETATCA, ecIlN MOMEHTS! i MPWXOA PasiHYANOTCA He Gonee
west Ha 20 wwyT: |z — y| < 20  Kpove Toro MPHHALNERAT ynOMAHYTOMY
wsanpary. Ha Fig. 6 cooTsercrayroman o6nacts Keampara sakpauena.
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[image: image31.png]Y1081 HAllTH BEPOATHOCTE BCTPENH, OCTANOCH HATH MIOWAIH KBAIpaTa
$(2) = 60 x 60 = 3600 w saxpamennott obnactw. TMocnemwiow yoGHes
Beero cocuwTaTh Kak paswocTs mnouamel Gonbworo KeagpaTa W Manoro,
COCTABNENHOTO H3 HEOKPAUIEHWEIX KYCKOB GONBIIOTO KEAApATa:

$(4) = 607 - 407 = 2000.

Cnenosarenso, cornacwo opmyne (1),

P(4)

1.4.2 3agaua Bioddona

Heenemyen, ¢ MOMOIL RO MeOMETPHYECKOrD HCTHCIIEH T A BepOATHOCTH, el
oy BepoTHOCTHYIO 2a1asty, Mpemnoxennyro Broddonon (Buffon) s ero
swamerwTON paote, Boenuel B crer 8 1777 roay.

@opuynnposka samasn Brodxpona Takos
Tomywo nrny naws 2! Gpocasor waymasy wa
nnockocTs, pasrpadnentyro MapannentH
P AMEIMH, OTCTOAWIMH IPYT OT APYTa Ha pac- N
cronnmm 2 (1 < a, wTo68 wrMa Morma. Mepece-

KaTb He Ganee omwolt npaviolt). HaliT sepoaT-
WOCTE Toro, WTo WM MepeceseT Kaxyro-mHGo 3

npAwyto.
o
Peii 33135y reOMETPHSECKIM METOMOM, B

R wero beesem Aba napaneTpa, XApaKTEPH- o 17
aytoume monoxente RIS KO MAOCKOCTI 32 o 'S e wa pasnne
X 05OSHANM PACCTORHME OT UEHTPA WEMIBI M0 oot nan.

Gaxaliwett npamolt, 2 3a ® - yron mexny

NPAMEIMH i WrnoM, OTCANTANNBI 0T GaiKaNweN MPAMON B CTOPOHY UEHTpA.

wrn (em. Fig. 7). Ouesuano, koopmwwass X u § nonKocTso onpefensior
B3aHMKOE PacToNoXeHHe bl i Gnwxaliwelt mpavoli.
H306pasiiu MPoCTPANCTES 3MEMERTADHEIX COGHITHH MPAMOY OIbHIKOM

0<X<e, 0<d<n

Ha BCOMOraTensHON MIOCKOCTH ¢ IeKAPTOBEIMH KoopIHHaTaMH (z, 7) {cM.
Fig. 8). C npyroft cToposs:, kax sumwo us Fig. 7, ina nepecevenus wrae c
Gnuxaliell npAMON HEOBXOMHMO H OCTATONHO, YT0GH BRIMGNNANOCH Hepa-
sencrso

X<lsind,
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[image: image32.png]To ecTo 4T0Ge Towka ¢ KoopmuwaTamm (X, $) monama s sawTpxoBaNHyI
wa Fig. § o6macts, A, pacnionoxxennyto noa rpadkon curycons: = = Lsin .
Onegosatentho, cornacwo dopyiyne (20), BeposTHOCTS, 4To MK Mepeceter
npAMYI0, paska mnouwaw HTYPE A, MenewHolt Ka MO TpAMoyront-
winca §(%2) = a

L 2
Pe [Teinpde = = @
OTBer, K KOTOpOMY ME MpHIINN, pewas 32-
sasy Brodppona, cofep XuT B 3apoteime wierw | o
BAXMOTD WHCIHHOTD MeTONA peweHis bra-
TemaTHeCKIX, HIMTECKIY, WHAKEHEPHSIX W
3KOHOMHHECKHX 32,1a%, 32B0RBABUIETD, MONTH
wepea asecTn net nocne Brodpona, sceobuies
NpHsHasWe. YKaXeM 3TY HIEI, AAA 4ero Ha- £
TOMHHM, 4TO CornacHo cTaTHCTHSeCKoMY onpe- Fig. 1.8
AeneNNIo, BePOATHOCTS COBBITHA A, 9T0 HINA TTpoCTpaHCTS SNEMEHTAPHHX
NepeoeveT MpAMYID, MOXNO OUEHHTE Mo 0P cobwTHA W OGIACT HHTCPE
Myne eylolero coBHTHA B 3amave

P(4) = % Boddona.

roe N wneno Gpocannil WrAs) W pasnHOBaNKYIO MockocTe, 3 M Konmde
cTBo Gpocanm, MpH KoTopEIX WM MepecexaeT MpAMyo. Jamenms & (2) P
wa M/, mocne WecnoXHeIX BHIKIAIOK MPHIEM K MpHGAWNXERHON (opmyne

2y )
a M
Owa BEIpaKacT ToT YAWBHTENGHE BaKT, 4TO YHCAO T, PABHOS OTHOWIEHHIO
KAHHS! OKDY KHOCTH K €2 IHAMETPY, i KA3AN0CH b He HUEILee HTErs o6-
LEN 00 CTATHCTHYECKHMI HCMEITARWAMI, MOKHO TPHG.N KEHHO BEITHCANTE,
NONCHHTEBAR WHCNO MepeceweHhll MPAMLIX HIAOM, MDH MHOTOKpATHOM 6po-
caHHH MoChemHeN Ha PASANHOBAHHYIO MAOCKOCTE.

TlomoBHoe, ¢ MOMOLLBR MROTOKPATHO BOCTPORSBETERHEX WCTBITAMMH Tex
WA WHBIX CRYSAHREIX COBMTHN, YHCNENROE ellieHHe CAMBIX PasHOOBPASHEIX
RaySHEIX W MPRKNATHEIX Mpobnes, mony<wno wassawe memoda Mowie-
Kapao, 5 wecTs bpaRIysCKOro KASHHO, Fe HPPOKW WCTHTHIBANT crywal,
BEIMTpEIBAS GonbuIne MERLH WAN Tepns rpoMaHBe cocTonma. O MosBne.
HHeM KOMITLIOTEpOB, CTOCOBHEIX TEHEpHPOBATO NWHHEIE MOCHEOBATENEHO-
1w coysalinex undp 3a cpasHRTEnDHO Manoe spems, wetox Monte-Kapno
Tan omHHM W3 3beKTHBHEIX METONOB pellieH A OBLINPHOTO KACCE CHOX-
[ —
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[image: image33.png]Brcnepnwentatop | /@
Bontcp, 1890 03
Cum, 1855 06
e Mopra, 1860 | 1
Doxe, 1884 075
Pefina, 1925 05419
Tpumxesan, 1960 | 0.7857

Tabmma 1.2: Hrorw nensiranmti o Gpocarino Wras: wa pasmn-
HOBAHYIO MKOCKOCTE.

Remark:  Eme 70 nossaenns rommsso-
Tepos, nccneqosarenn mmoroxparHo Spocami

nray, srobs: Taxm cnocobom ouennTs aHade-

Aite wcna 7, @ 320IHO 1 NpoRepUTs MpaBIL-

rocrs coopmyass (2). Pesymstarss mexoropsix .
noxobmmx nenmrannii caeaens » Tabmune 2.

Huepecno, wro Tafinnia nossonser oueRHTs, Fig, 1.9

Kpowe potero, i 206ROCOBECTAOCTS CAMHX HC- K. pewwenmio 3a334n Bioddo-
nTarenes, My, Kak i BCeM HaM, JerKo GHIO g g nonmpHMX KoOPIHHETaX.
sapanee yamars nCTHAROS aMANenIE YHCTA T CO

crons yroanoli TounocTsio (Syem aaecs opnenTuposarsca ma = 3.14150).
Tostomy, 5 crpemnenmn 106uTsca HAUSANEE BNEYATAAOIErO peIyNSTATS,
OHH MOFAIH MOATATSCA COBIA3HY OCTAHOBHTSCA B MOAXONAWMA MOMEHT, KO-
raa aneno (3) aocrarouno GanKo K nerunHOMy sHasenumo . Moxer Sus
nostomy Poxe, ¢ ero ropasto memsumy, wem y Bomsa, wncrom Gpoca-
HuHl, AKTHECKH MOBTOPIA PesyBbTAT TOCTEARENO (XOTA KOHEUHO 5T0 MORIO
675 1 cuacTamsolf caywaiinocTsio). OcoSenmo Bnewarsizer 5 >Tom cumicre
Aocrimenue [puaemana, nepectasuiero HCMNTABATS CyasSy yoxe mocne
anyx Gpockos. Haw e creayer ocosnasars, 470 suibop "cna wensiranu 3
yenosia BansocTi peayIsTaTA K HEKOTOPOMY MPEANIONATAEMOMY SHATEHIIO,
emaer commuTensMMMH camu cTaTHCTIecKWe menwTamus. Tax, ofnazas
“yaawedl” wnn GamsmmM yOpCTBOM, MOXHO MOKasaT, WTO T A 2 Hu, K
npumepy, 7 5. B

Remark: Hexoropsie MoryT ycowmutsca » cnpaseannsocti cropuyns
(30} ana BepoaTHOCTH mepecewenus MKAN K NpAMBX, HCXOXA H3 HALTAI-
ux reoverpuuscxux coopanennfi. ITotueny, saMeTAT oM, NpOCTpANCTSO
aneMenTapHEX COBMTAIl H30BpaNEHO HA BCMoMOraTens ROl MIOCKOCTH € de-
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[image: image34.png]Kaprossmn xoopaunaram (z, )? Kaxerca ecrecraenies cuntars ynoms-
HyTaie KoopaumaTs nomapmsiy. TorTa MPOCTPAHCTBO BmeMEHTADHEX co-
Sl oKaxerca noayKpyrow patHyca e, a ofTacTs Hccneayemoro cobaTIA
obpasyer, nsobpamennsiit na Fig. 9, xpyr anamerpon L. Cootsercraento,
BepoATHOCTS mepecetenua urun u mpamsix, maizennas mo opuyae (29),

6yaer pasna
(2
p=1(i).

2\a

CoBeTyen WUTATETIO TOPASMBCITS HAT TeN, OTHEN0 HEBEPHH Taxne ‘ecTe-
Croennue” reomerpieckie MocTpoennA. JCMBCIEHIE BOSHIKILENo Napa-
TOKCa MOMONET OCBOSHHIO MocaeayIowero Matepiana, M

1.4.3 Jluarpammer Benna

BesoTHOCHTENBHO K BEIMHCIHHID BEpOAT-
HocTelt pasnuHBIX COBITHN, reoMeTpHYECKan
TPAKTOBKA MOCITHIX MOMOFAET 3PHMO Mpe-
CTaBHTE MHOTWe CROMCTBA KAK CAMMX Ciywall-
WeIX coGsITHl, TaK W WX BepoaTHocTeN. Cdop-
MHpYeM reomeTpveckil 06pas COSHITHA W ero
BEPOATHOCTH, B3AB KBAIPAT ELHHIYHON CTOPO-
HEI H B00GDA3NB, 4TO KT0-T0 GeCNopALOHO KO-
neT ero wrnol, ¢ PABHON BOIMOXHOCTBIO MoNa-
Has B MOBYIo ToIKY KEALpAT. ( TONBKO B He-
ro). TyeTs cnywalinoe coGsITHE COCTONT B ToM,
4T0 OCTpHe WFIE) BOHIALTCA BHYTPS HeKOTOpPOH

Fig. 1.10
o6nacTh A, sakpawenwolt wa Fig. 10. Wa pas- &

[uarpauma Benna cryuafivo-
HOl BOSMOIXHOCTH Monamanws wraol & NGy

1o cOBHITHA.

TONKY KSQIPAT CNIEMYeT, T BEPORTHOCTS pe-
ANH3ALHH YKAIAHHOTS COBBITHA B HCMBITAHHH
{omuworHoM yKone KsaapaTa) paswa MOWATH KaRHoll CEMACTI

P(A) = Sa. @

TonoSHele accoumaiim MexIy coSeITHAMN W OGTACTAMM A MAOCKOCTH,
2 TAKIKe BEPOATHOCTAMN  TIIOWATAMK C0OTBETCTBYROWINX oGnacTel, obner-
4AIOT BOCMPHATHE MHOTHX HETPHBHANBHEIX (PAKTOB TeopHH BepoATHOCTEH.
KapTuni, reoMeTpHYeCii WIIOCTPHPY IOILHE OTHOLIEHIA MKy CoBBITHA-
MW W X BepoOATHOCTAMMN, HazbIBaIOT Juczpamaan Bewna. B mansweliven
61 GyfleM He paz MOIKPEIIATS MW BEIBOISI TeX MM WHBIX BEPOATHOCTHEIX
2axonos.
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[image: image35.png]g 1.11
TIOPTpeTt SNEMEHTAPHOND COBITHA (CN1EBa), HEBOIMOKHORD COBTHA
{cnpasa) u ocropepHoro coBLTHA (B UeHTpe).

Remark: Yxe Tonsko roTosAcs NMpUMENATS reoMeTpivecKue amaorii
npu aHanuse CAyqaliHEX COBHTHH, yIaeTCA paspemiuTs MAPATOKC, BOSHHK-
winif npu pewenun 3asaun Brodepona: Ha pasnoosmoxmocTs pasmsix ana-
wennti yrna & 1 paccroanna X mayrax SpouienHolf Hrs BTeRaeT, uTO Be-
poTHOCTS X Monazanma B obnacts

Vel +ay),  Xelo+an) )

nponopumonansa npousseneniro ApAz 1 He sasucHT or sHAvEHH T 1 P
(sayTpi npocTpancTsa snemenTapHbx coBwTHl). FTa HesasucHMOCTS Bepo-
ATHocTH monazamua 8 oSnacrs (5) axexsarno nepesaercs rpacpiron Fig. § ¢
exapTonsimu KoopInHaTawy (2, ), rae oSmactam (5) coorsercrayror pas-
HosenuKie npamoyronsauku. B moasproif xe cucreme xoopaunar (z, )
pasmepss ofimacredf (5) cymecTsenno sasncar or amavennii T u . Iona-
Ten HCTOUHHK paspewiennoro mawi i apyrix nofobnsx mapatoxcos. Jeno
B Tow, 4To Mp GecKoMeuHOM HHCNE WAMCOB BEPOATHOCTS KANIONO LiaHCA
pasna nyar. [Tostomy, Gropmupys reomeTpiecxue opassi cobw i, Hato
anennuposats x rpynmaM wancos, uero HenyaEnyHo BepoaTaoCTs. W

1.4.4 Tloprpernas razepes cobmTHi

Tlanb3yACh FeOMETPHYECKHMI 06pa3a i, NETKO CO3ATE CBOEMD POA MOp-
TpetHyto ranepero cnywalineix coberrutt. Tak wa Fig. 11 wsoSpaxens mop-
TPETE 3MEMENTAPHOTD, JOCTOBEPHOTD i HeBOAMOXHOMD cobbrTuit. Ha Fig. 12
HArNATHO MPENCTABNEHE! HECOBMECTHBIE i MPOTHBOONOIKHEIE COGHITHA, 3 Ha.
ig. 13 AN MOPTPETE OB BENWHEH I, MepeceveHia i pasHOCTH coGITHN A
wB.
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[image: image36.png]- 112
Heconmectnuie cobtitun {cnesa). Cobuthe A W npoTHBOMONOXHOE
ey cobuhe (cnpasa).

EB| |fon| |&D

AUB Ans

Fig. 1.13

‘3akpatueHHHE OBNACTH HOBPAIKAIOT, CONTBETCTBEHHO, OBLATHHEHHE,
Nepecedeue W PasHOCTL COBUTHA. HerpyaHo cooBpasuts, 4ro no-
CAEIHAA PABHA TAKKe NepeceqeHHio cobTHA A W B.

TlopTpeTst COSHITHN MO3BOAAIOT, B YACTHOCTH, 3PHMO YGRINTECA B CTpa-
BENHBOCTH MHOTWX OBUX CBONCTS OMepalH TEOPHI MHOXECTS, HATPHMEp
Co0TICTGE KOMMYTMATIISHOCTIN OFETHHENHA H IEPECTEHNA MHOXECTS

AUB=BUA, ANB=BNA.

1.4.5 Teopema clOMXeHHA BepOATHOCTEH

Prcya nopTpeTs cnyalingix coSe1THH, YIITCA HAFAIHO NPOHAMIOCTPH-
POBATD 0KA3ATENLCTE0 OMHON W3 KIKYEBHIX TeOpeM TeODHH BepOATHOCTEN:
Tak WassIBaemol mecpeat cacowcenux. s 31oro waobpasum wa. Fig. 14 na-
Py MpowsBonbHEX cnywaliweIx cobbmit A w B, a Takixe wx pasGuenue Ha
TpH HecoBMecTHEIX cobtiTa AN B, AN B w AN B. [na nokasaTencrea
TEOPEMEI CIOKEHNA IOCTATONHO ONEPHPOBATS WK KyMA W Hix: AN B i
AnB.
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[image: image37.png]D)=L

- 114
HANIOCTpAUAR K JOKARTENLCTEY TEODEM CHOKEHHA.

Wz picyWKoB BWINO, ¥TO CTPABEIAWBH CHEAYIOUE PABEHCTEL TeopH
MHoecTs

AUB=AU(BNA), B=(BNAYU(BNA). ()
Tockobky HX Mpasble TacTH MPETCTABNAOT coboll OGLETHHENH S HecoBMECT-

HEIX CoBBITHN, TO WS AKCHOMB! AXTHTHBROCTH (3.14) BEITeKAIOT cooTBeTCTBY-
foluwe paseRcTBa. 117 BepoATHOCTEN

P(AUB)=P(4)+P(BNA), P(B)=P(BNA)+P(BNA).

Hexmmowms orciom. P(B 1 A), npuiiem « pasencray, waTevaTusieck Bsipa-
arolleMy Collep KanHe TeopeMB CHOKENHA

P(4UB)=P(4)+P(B)~P(BN 4). 6]

Ha cnoBecHOM A3BIKE OHA YTBEPIKIAET, 4T BEPOATHOCTE OBLENNHENWA (cyM-
Mbl) IByX COBBITHN DABHA CyMMe WX BeDOATHOCTEN, MHHYC BEDOATHOCTD Me-
pecesena aTHX cobuTii.!

Remark:  Mu wormn 6u eme GuCTpes y6enTsca B CpaBEATHBOCTH
pasencrsa (7), THAKTYA BEpOATHOCTH KAK MEOWANN OGTACTEH eIHMIYHOO
ksaxpara. ITycrs ofpasom cobetin A cayskut ofnacts A, a ee momats Sa
HHCIEHHO pABHA BEOATHOCTH 5TOr0 COSMTHA. AMATOTHWHO, BEPOATHOCTS
cobsmina B paswa nouams S cooTseTcTayromett ofmaci, a § 4 -maomans
I BepoATHOCTS mepeceuenta cobuiit ANB. Hs Fig. 14 suano, ato miomans
obsemmennolt ofimacti A L) B paswa cymme iy miomanell, MRyC miomans
obaacTh nepecevenua Sang, ABANAN yuTenHo# cymmodll Sa + Sg. dpyramu
CIOBAMH, MEOMETPHHECK OYEBHINO COOTHOMEHE

Saup = Sa+ S8 = Sarm,
sxsusanentHos pasencray (7). B

TOuine pOpMYIT BEPORTHOCTH CETETHHCHNA NIPONSBOTLHORD YHCE COBTHA npHBC:
aents » pasaene (1.7.4).
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[image: image38.png]Ha mpaxike, Mpw BEIvHCIENHH BepoATHO-
T obvenumenta coSHITHN WacT omHparoTea
wa Gpopuyny, nTeraRoWYIo w2 2axone Je Mop-
2ama. Cormacho evry

Us=0 ® '&@

Baxo e Moprawa npuienmTentHo k Tpew co-
Guruam A, B w C nnnrocTpupyer awarpauta
Benna, manwan wa Fig. 15. Ha weli saxpaue-

Fig. 1.15
o coBbITHe, MPOTHBOONOKHOE OGLETHHERTIO ":I“" n sacons a6
cobamuit AU B U C. C apyroli cropors, 3a- ocrpaut -
Moprata.

KPAllEHHYR 05AACTE MOKHO, OYEBNIHO, TPaK-
TosaT Kak mepecevertre (B TAcT) MPo-
Tsononoxssix A, B w C obmactelt.

Ha pasercrsa (WaenTamocTH) coSerTit (S) cremyeT paBeHCTBO irx Bepo-
ATHOCTel

P(U) 44 = P(() F)-

=

Quesnro, cobsiTe, MpoTHBOMOMOAHOE COBHT (S), ecTs obbemHeHTe 0o
Gumatt {As, ... A}. Cnenosatencwo, s (3.15) iveenr opuyny

P(U) 4 =1 - (1 ). ®

=

BEIPAKAIOILYIO BEPOATHOCTS OGBETHHENHA COGBITHN Yepes BepOATHOCTE Me-
pecesenin MpoTBoNonOXHEIX cobsiTull. B wacTwocTw, mna caywas meyx
coBsTit oTcrona crenyeT axBuBanenTHoe (7) cooTHoweNHE

P(AUB)=1-P(ANE). (10)

Tpusientns opuyny (9) Aina BHIMHCNEHNA BEPOATHOCTH, 4TO MPW GpoCaNWH
7 MOHET XOTA Gb Ha OIHON W WX Bmnazer open. TTycTs A, -sMmafenwe
opna wa k-tt mowere. Torma A, -sunamenne Ha 3Toff Monere peu. B pan-
HOM CIY¥ae Nlerko COCHTATE BePOATHOCTE Mepeceventsn MPOTHBOMONOKHEIX
coBEITHI ¢ TOMOWEH> CxeMBl Wancos. [eHCTBHTENLHO, Nepeceven o MPOTH-

BononomHEIx cOBBITHH () Af, To ecTb BHITATENHIO pelieK WA BCeX 7 MOWETaX,
I

GnaronpuaTcTRYeT OMHH WanC 13 27, (NeIOBATENNO, BEPOATHOCTE BEIMaTe-
Wi XoTa 681 omHoro opma, cormazho (9), paswa.

P=1-27".
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[image: image39.png]1.5 BepoATHOCTHOE NPOCTPAHCTBO

Ms1 yaxe meomnan, & pasnene 1.2.5, kirovesoe na onwcanws caoficTa
seponTHocTHol dynrumi P(A), nowsrie anreps: codsiruli F. Ona weobxo-
AWMa 178 peanweaumm raswol wenw Teopn BeponTHocTel: Tlo waBecTHEINM
BeponTHoCTAM HexoTopolt rpymms: coSsimnh {A, B, ...} TpeGyerc nalitu se-
POATHOCTH IpYTHX COGBITHH, PABHEIX BCEBOSMOKHBIM OGBETHHEHHAM, Mepe-
cevenmAM 1 pazHOCTAM HCXORWBIX COSBITHN.

B pasmene 1.2.5 dynmamentou anreSper F cayxuno npocrpancrso (2,
comepaxaues Konewsili wabop 1 wancos. CooTaeTcTaenWo anreSpa wx Bce-
BO3MOKHEIX OGBEHHERHH i Mepecesentll CofepIXana KOHETHOE THCIO BMle-
MenTon. CWTyauns IpavaTHieckw MeAeTc, eciW WHCAO WaNCOB Gecko-
newo (kax waop warypanswsix wcen N), a Tem Gonee necwerno (mogoSHo
Touram mpavioli R, wan “scero mnus” exwwmwanoro otpesra z € [0, 1)). B
TIOCKIETHIX CHTYAUNAX HEBOIUOKHO BEITHCINTS BePOATHOCTH MOTABNAMOLETD
GoMbLNNCTBa MoTeNIMANE HO TOMYCTHVBIX COSSITHH. ¥ Tewenten 3ecs cay-
XHT To, 4To MomobHEle, He MOTAoWECH aHANH3Y, coSEITHA Kpafine peTko
BeTpewanoTCA B MpUnoKeHHAX. UTOBH WMETS Aeno AMIE € COBBITHAMN, Be-
POATHOCTH KOTOPBIX MOXHO BEITHCITS, COIHATENBHO OTPANNSHBAIOT KPYT
weenemyemsix coSermil. BosHWKasolwe MpH 3Tow MoRATWA, cROMiCTEA. coEl-
THH # BepoATHOCTeH, KpaTKo 0BCY X IAMTCA HHKe.

1.5.1 Munnmamuble aare6prt cobbTHit

AnreSpe cobsITil, collepIXalliHe Bee NONMHOKeCTBa MpoCTpascTa {2 ane-
MEHTADHEIX COGBITHH, HA3EIBAIOT MIKCUMLALNNAM QAze6paMy. Mb yxe awa-
M, HANpHMEp, 4T0 MAKCHMANBHAR ANrebpa, MOCTPORHHAA HA MPOCTPANCTEE
W3 7 Wwancos, veeT 2" anementos. Ho naie 3ech MAKCHMANEHAA anrebpa.
nomNar WIGHTONHA, W MONEIHO BRITENWTS NWWE YacTh cobtiTuh O MaxcH-
wansHol anrebpe (G C F), NpecTaBAAIOWAX, N0 TeM WIH WHBIM PE3OHAM,
wacyuwei wnTepec. Ecnu wuoxectsy G npunagnesar 2 w 2, a Takixe see-
BOSMOKHEIE OGDEINHENHA, MEPECEYeRTA W PASHOCTH 3MEMENTOB MHOXeCTBa.
¢, 10 ecTb ecnn o nioBix anementos A, B mmoxectea § BemonnoTea
cooTHOWeHW

AUBCg, ANBcG, A-BcCG, U]

To § HaskiBaroT Npocto aazebpoti I1pocTeliny MpHbepoM cyXHT anrebpa
W3 [BYX, IOCTOBEpHOTO W HeBOSMOXHOTO, cobeiTilt § = {2, 2). Omwaxo
ona camukom Genwa. TloaTomy cTapasTCea BHGPATE anreGpy Gonee GoraTol
3MeMeNTaMH, HTOGE YIANOTH PeWaTh COlepKATENbHEIE BEPOATHOCTHEIE 32
masn. [na 3Toro BRIENAOT HekoTopoe MHoXecTso coSurritt {4, B,...},
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[image: image40.png]BKAOYAIOWlee B CEGA HEBOSMOXHOS H IOCTOBEPHOS COGHITHA, W IOTONHAIOT
€10 O LETHHERHAMH, NEPECEYERT AWK i PASHOCTAMHN BXOTAULNY B Hero cobti-
THl. B HTore MpHXOAAT K HekoTopoll muNumaavholl anrebpe §, copcem He
oBAsaTEnDHO coBTAmAILEN ¢ MAKCHWANDHOHN.

ONHCARRYIO TONbKO-9TO ANrEBpY HASHIBAIOT MHHHMANBHON, TOCKONBKY
niobas pyras anrebpa, snemenTami kotopolt cayxar cobuimua {4, B,...},
06A3ATENBHO COTEP KHT Boe OCTANBHEIE COBITHA MHHHManbHOH anrebpe §.

1.5.2  Asre6pa Bopens

Jlagus mpiMep MUHHMANGHON ANreSpEl, AN Yers BHOBL GyOeM XaoTi-
weckW TEIKATD WEnOH B emuHaHEIN KBATPAT. HweeTch HeBoOGpasMMOR MHO-
KECTBO coBEITHI - caMBIX 3aMBICIOBATHIX (PHIYD, KOTOpEIE MOXHO (2 Mopoli
4epeciyp CIOKHO) HAPHCOBATG BHYTPH Keagpara. UToGH He yTpYXaTb-
A ONHCAHWEM BCeX WX, MOCTYWM KAk MPH WIpe B Mopckolf Golt. Iloxpoem
KBAIpaT ceTKOH W3 OTCTOAWWX [pYT OT APYTa, HA PAcCTOARWW 1{n, ropi-
3OHTANBHEIX W BEPTHKANGLHEIX NpAMBIX (M. Fig. 16) u 6ymem rosopuTs, 4o
MpOW3OUII0 COBHITHE Ay, ecnW WENa nomageT BHYTPS ki-ro keampatika Ha
pcynke 7 = 10, TAK 4TO MWHWMANGHAR anrebpa coSHITN, MocTpoeHHan
wa 7! = 100 KBAOPATHKAX, CONEPANT KOHETHOE, XOTA W IPOMAIHOS, THCIO
2 = 2% coSmuii. Onesa wa Fig. 16 naobpaxero omno i3 coSsirati: moma-
Hanwe b cTunsoBanKyo Gykey P (Probability), sepoaThocrs koToporo He-
TPYIHO MONCHNTATS, OUWPAACH HA YKISAHHYK MHHHMANGHYIO AnreGpy cobsl-
Til. JefCTBHTENEHO, BEPOATHOCTE MOMATAKNHA B MPOH3BOMLHEIN KEANPATHK
paswa 1/100. Bcero KeaupaTikos, cocTasnamoux Gykey P, MATHANUATE, 2
IHANNT, N0 AKCHOME KOHEYHON aNIHTHBHOCTH, BEPOATHOCTE WHTEPECYIOUEND
cobsrmua paswa P(P) = 0.15.

Fig. 1.16
COBUTHA B PASTHHOBAHHOM KBATpaTe.

OmwaKo oCHOBAWWAA HA KEAPATHKAX MWHWMANGHAA anreGpa e obma-
naeT mocTaTouHolt “paspewaroiell cnocoBHOCTHI”, 4TOGE ¢ ee MOMOUIBIO
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[image: image41.png]AKKYPATHO BEIHCAHTE BEPOATHOCTD MOTAJAHNA, B H30GpaXeHHsIN cipasa
wa Fig. 16, smecanweit 5 keagpar kpyr. Ecnw cawrars, 470 KEampaTik,
NONKOCTEIO AW YACTHYHO HAKPHITEI KPYTOM, GNaroNpHATCTBYET CoBHITHIO:
NOMATAHKIO B KPYT, To “BepoATHOCTE” MOMamanws B Kpyr paswa P’ = 0.88.
C npyrolt cTopoH, reoMeTpHYEcKil CMOCOG HCUHCNEHH A BePOATHOCTER Mon-
CcKazbIBaeT MpasHABHE OTBET

por

=¥ 0.785

Fig. 1.17
MasaHKa NanyoTKPHTHX KEAIPATOB, BXONAINK B anrebpy Bopens.

BHIpaancs reoweTpHTeckHt AEIKOM, MBI CTONKNYANCH co cBosoGpas-
Holf KBaapaTypoll Kpyra: Mpobnemoli BEIMHCAEHHA MAOWAIN KPYTa Mofcde-
Tow MIOWATN HAKPHIBAIOWNX €0 KBATPATHKOR. ITa MPoGiena KasHO pe-
LieHa B TeOpHH HHTErPHPORANIA, COMNACHG KOTOPOH MIOWALE KPYT. MOXKHO
BEIMHCAWTS KON YTOHO TOWHO, K3k CYMMAPHYIO MIOUA Boe Gonbuero
“HCna Bee Goes MENKWX MPAMOYTOMLNHKOB (MIN KEAIPATOB, KAK YAZTHOND
cenywas nocneanx). YToSs1 TowHO BEINHCINTS MOWATE KPYT, HeoGXoMHMO
BanTe CueTHOE wHCno? KEAAPaTOB (MpAMOYTONLHIKOR). AAnorHuNo, YTOSH
TOUHO BHIMHCAHTL BEPOATHOCTL MOMANAHHA HENoH B KDYT, HeoGXOmHMO Mo~
CTPORTD MRHRMANRYIO ANIFEBDY, CHETHOM MHOKECTEA SNEMERTOB KOTOPOrD
HOCTATOTHO 1A TOMHOTD HAXOReN WA MOUGAIN Kpyra. B kasecrae “bynma-
MenTa® TaKOH ANrEGpH KA MIOCKOCTH ¢ JEKAPTOBHMH KOOPIHKATAMK (T, )

ECacTHiIM Haow BaloT BECKONEAHOE MHOECTBO BEHEHTO, KOTOPIE YABETCA MpOWY-
MEpOBATL HATYpARLHLIMH YHCABMH
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[image: image42.png]YH06HO B2ATS HaB0p BCeBOIMOKHBIX, TPOHIBONEHO PACTONOKEHHEIX, MpAMO-
YTONbHHKOB MPONIBANBHBIX PASMEpOB

{lz:z + &), [z y+ Ay) ) @)
Anrefipy F, COCTOAUYIO 3 MOTOBHEIX BCEBOSMOXHBIX MPAMOYIOMBHHKOB,
BMECTE ¢ WX KORESTHBIMI f CHETHBIMI OB LEIHHENRAMH i MEpECETeN s AMH,
U AncF, N AncCF 3)
e me)

WasssatoT o-anrebpoll waw aazebpoit Fopeax. HexoTopsie aneventer Gope-
nescroft anreSpe naoSpaxens: na Fig. 17.

c c 5+ .

Fig. 1.18
Dinements Gopenesckol anreGpH B oaHOMEpHOM NpocTpatcTee R.

Remark:  Homarue Gopenencrofi anrebps nerxo ofobunts ma crywalt
D-mepnsix npocTpancrs, samenus npamoyromsmuxy D-weprsimi mapanie-
senunexamn. Ho noxanylf manbonsiee sHasesne 1A npuioxennit uMeer
oaHoMepHas Gopenenckas anrebpa, anemenTaMH KOTOpO CHyXar Acesoa-
Moxnme nonyoTspuTHe HATepRATN [z, T + AT) K2 ocn T. Omn Kax ne-
833 AyLe MOXOAAT AN KONUNECTBEHHONO OMICANHA HaMepennl Caywail-
Hoff seanmns X (cunss Toxa, marmuTHoro o, nnzexca Joy-Ixonca 1
Apyri%), MOCKORSKY B peabHBX HIMEpEHHAX OBHYHO HATEpECYIOTCA MoMa-
AaHmer sHAYeHHH BenHuHHE B HexoTopmi saaMMmif maTepsan. Ipmep
anementos oanomeproli Bopenescofi anrebps npusezen na Fig. 16. B

Yro6s BOCMONB30BATHCA MpewMyulecTBaMH anrebps Bopens mpi weww-
CREHWH BepOATHOCTeN, aKcHoMy Koweswoll agmuTwswocTw (3.14) samenmror
acuomots ceemmott eddumuenocmi, cornacko KoTopolt 1A NGOTo cHeTHO-
To HaBopa BIAMMHO HecoBMECTHBIX CBBITHH {1, An,..., Ap...} cnpasen-
nuBo pasencrso

P(U A,,.):ZP(A".). @
w21 k=)
HenHo OHO, B YATHOCTH, MAET BOIMOKHOCTE TOMHO BEIHCAWTS BepOAT-
HoCTh Monaanwa B Kpyr. DYHKIUHK MHOXeCTS, 0bnaasue csolicTeom (4),
wasmBatoT cyemmo-addumusnaat.

WTaTens J0CTATONHO MOMTOTOBMIEN, YTOGE BOCTPHHATS KilKoYeB0e MOHA-

THe TeopHH BepOATHOCTEMl: MONATHE GEPORTNOCTLNOZO WOCTIPENCIISE:
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[image: image43.png]Tpotiky (2, F,P), roe © npocTpancTso anemenTapHEIx cobeiTill, F 3a-
HAHHAA HA. Hem anrebpa cobeTi, a P cHeTHO-a0ANTHBHAA hYHKINA, ONpe-
HeneHHAR WA BCeX MHOXecTBAX anrebpe! F, 0TOGpAXAOAN MHOXKeCTED Ha
oTpesok [0, 1] u Takan, 470 P(2) = 1, HasHIBAIOT BEpOATHOCTHBIM MPOCTPAN-
oM.

1.6 YcnoBHbIe BEPOATHOCTH

YarTo B HCTITAHIH WHTEPECYITCA He O, & CPA3Y HECKONBKWMH CAy-
walineaaw coSeriav. Hanpuvep cobsimuamu A w B. Byzew nomarams, «to
Wau nasecTHE oTHOCAWe K iy BeponTHocTn P(A), P(B) n P(A N B).

TTpornosHpys MocnemcTsNA Tex miw WABIX coSSITHN, 12 W MPOCTO B oGHI-
[AeRHON KH3HH, HHOTIA MOAArAIOT, HTO OHO W3 cOSHITHMN, Hanpuvep B, pe-
anuayerca ® wenbimanwn. EcTecTeenno cpocHTh: Kax 3To MoBMAeT Wa
BepoTHocTs cobsmna A. K mpuviepy, puibarn wnrepecyrorcn: Ecam sas-
Tpa. nofizer aoxan (cobuimwe B), Gymet nu priba nyuue knesats (coSwiThe
A)? TlonoSHeie Bompocs: 3aKoHOMEpHS! 1 B KYIa. Gonlee cepbeaNbIx CHTYaUN-
. TaK HCTBITATen M ABALHONHON TEXHHKH JHIHEHHO HEOGXOTMMO IHATE,
KaK yBeNH9HTCA BEPOATHOCTS OTKA3a ABHTATEN MPH MoNoMKe OOl 13 ero
serane.

KonwdecTsenusill 0TBeT Ha 3TH i MHOHe Py THe BAXHEIE A NPHNOIKe-
Wil Bonpocs) maeT yeaoswax sepoxmmocms P(A|B) cobsirua A, npu yeno-
BuH, 4T0 cobsiTHe B myieno wecTo. BepTukanshym wepry wemomsayror ans
pasmenenin ciyvalinoro COBEITHA, BEPOATHOCTEIO KOTOPOTO HHTEPECYIOTCH,
W ycnoilf, 4be BEIMONHERHE B HCBITANHH MOMPA3yMEBAETCA.

Hueetca opiyna, ssipaxasouas ycaosnymo seposTrocts P(A|B) vepes
Seaycaoswue eponToctn P(A), P(B) w P(ANB) (s nanswefiwen, kax n pa-
Hee, Gyllem HazEIBaTL GeayCIOBNBE BEPOATHOCTH MPOCTO BepoATHoCTAMM). B
Teopi BeponTHOCTH 3Ta. hopuyma MocTynHpyerca. ONaKo, 4Tobs Ayme
TOMATG e CYTh, BHOBS MpHGErHEM K YCMYIaM CXeMEl WAHCOB, Fie Obellan-
Han popMyNa CBAIN yCNIOBHON W Gesyc/IOBHBIX BepOATHOCTeN, KaK H ApyTHe
AKCHOMBI TeOpHH, MOKET GHITE Nerko MpoBepeHa.

1.6.1 Cxauxn ma HmmOApOMe

Bputens cunnT Wa manswell oT urmwa TpHGyWe HTMOnpOMA I HaBIO-
naeT saes; mecatH nowagell mom wosepasw o1 1 o 10. Jlowamw mowtw
OIHHAKOBO MPOBOPHBI, 2 XOKEH WCKYCHBI, Tak ¥To nicGoli Ha Wi ¢ pasHoll
BOSMOKHOCTEIO MOKET BHINTPATh 33301, 3pHTent JAKMOYWN MAPH, 4TO M-
GeanT nowas ¢ womepow, Génswmy 5 (o ects < Hoepasn 6, 7, 8, 9, 10).
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[image: image44.png]OBoawaumu 370 cobsiTwe Gyksoli A.

3pHTens aMaeT, 4To XOKeH Ha. MPBEIX CEMM MOWALAY B CHHWY KeMKaX,
a2 Wa ocTamemeix B kpackeix. OBoawati coSHITHE, CoCTORUES B ToM, YTO B
3ae3ge MoGENT Kokell B cHHeN Kenke, 3a B.

Berwcau snavane oSsimbie, Gesycnosnsie, spoaTHocTH cobsiTutl A, B
w AN B. Beero wancos & manwou wensiramn (3aeage) 7 = 10, no wweny
yuacTeytowwx & saeaze nowageti. Npwves cobumuan A w B Gnaronpuar-
creyloTma =5 mp = 7 wancos (cw. Fig. 19). Kpowe Toro, nepecevenmto
cobsrmuti AN B Gnaronpuatctayer mag = 2 wanca. Taxuw obpazom, mo
popuiyne (1.3) HeHCER R BEpOATHOCTEN HA OCHOBE WAHCOB, MOAYaEM

Py =221, piB)=2E Pang ="E o1 )
B 4
(CRORCRONOLONONGRO]
1 2 3 4 5 6 7 8 9 10

ig. 1.19
HAMOCTpAUNA K NIOICHETY WAHCOB BHHTPATS NAPH.

O wa TpuGywe, Manexo o7 vecTa. NI, SpHTENE YBRTEN, 4TO Mobe-
A xokel B cumeli kene. Hrsim cnosas, npowsowno cobsitwe B. Onwa-
KO N He MOXET HITANM pazrATeTE HoMep MobeawBLero xoken. CoctTasy
seponTHocTs P(A|B) 3pnTento Bamrpats mapw < yuerow Wherowelica wH-
popuauwn. Jna 3Toro Hago wa MepRowavantHsix wancos n = 10 ocTasnTs
TonbKo WHCno Wancos mp, GraronpiATCTByOWN: cobbiTHi B, 2 Ha wan-
0B cOGBITHA A, B3ATH NHWE M4 WAKCOB HOBON MOMKON rPYMIBI WAHCOS
mp. CooTBeTCTBENHO, YC/IOBHYIO BEPOATHOCTE BHINTPATE MapH BEIHCARIOT

o Gropuryne
man

P(A|B) @)

ToacTasms B mpasyIo YacTs pasewcTsa yKasaHHBie WaHCH, GyTeM HeTs

P(aip)= 2

KaK 3aMeTin 3pHTent, BHINTDHL XOKe B CHHell KeMKe CHIBHO CHWSH ero
WAKCH, 3 BEPOATHOCTE BEINTPHILIA YMEHBUINIALE:

P(A\B)_§< P(4) = %

a2



[image: image45.png]Remark:  Yenoswas nepostsocts Moxer Sus 1 Sanbie coorsercray-
roueit Beaycronmoli seposTrocr. Tax ecan 6 puTens mocrasin Ha mep-
Baix s nowmaseit (cobsmro A Gmaronpuarcrayror wancs 1,2, 3,4, 5), 10
nobeaa oxes 5 cumedf Kenke (cobuTne B} obecnennna 6 emy pumrpami:
P(AIB)=1. B

Buipasi nony P wepez 3 BeporT-
wocrw (1), An wero nomenu wweaNTens  awAMenaTens & (2) Ha WexonHoe
ancno wancos n. B wrore momyss

Mmap P{ANB
P(AIB) = 2 ﬁ.
B Huew Gymen p coberTit Gores kpaTk

ANB & AB.
B aTux ooanasiennax hopuyna yenoswoli BepoATHOCTH MpUMET BI

P(4B)
P(B) - ®

P(A|B) =

B obitiem cnyvrae 370 cooTHoweNHe cay KT onpedeaswueat yenosHol BeponT-
wocTw. Mt ¢ ycmexom MoMEayIoTes W TORI2, KOPIA. CXeM WAHCOB 3aBeToMe
wenpumenna,

Tockomsicy Bee paswo, Kaxoe w3 coStiTuli Gpats 22 A, a Kaoe 32 B,
wapany ¢ (3) cpasennwea dopuyna.

P(4B)

P(BIA) = T

@

© ol

4B=0
Fig. 1.20

Jluarpamuss Benna, HAMOCTpHpYIoue NpoHcxoxaenne bopuyn (5)
W {6).



[image: image46.png]1.6.2 CBolicTsa yCIOBHLIX BepoATHOCTeH

TlonaTie ycroBHOHN BEPOATHOCTH CNYKHT MOUIHBIM HHCTPYMEHTOM aHa-
nu3a coyalinerx coSarTil. TlaTomy ocTamoBHMC Ha. Hem MompobHes.

UacTwsie cysan ycnoewol eposTHOCTH

Yiaen HecKonbo TACTHBIX CRefCTEMN OMpETENeNA yenoBHol BepoAT-
wocrw. Tax ecam A C B (sce anevents: MmoxecTsa A 3a0nHo npuwasmexar
W unomecTsy B), To AB = A W yonoBwas BeposTHOCTS YIOBNETBOPAET He-

pasencrey "
P(4
=2l>P4) (AcCB).
Ry 2P 4cH
Ecam, wanporus, B C A, To AB = B i ycnoswas BeposTHOCTS oKazsiea-
eTca pasHoli equmLe

P(B|A

P(8)

PBIA)= gy =1 (BCA). (5)

Ecnn xe cobsitun A B necosvectl, 7o AB = 2, 2 yciosras seposTHOCTS
paswa nynro

P@) 0

P(BIA) = 5155

5 = rE = 4B=2) O]

warpauss: Benwa, noscnatouwe npwsemennsie dopurynst, nast wa Fig. 20.
Tonwac cBoHCTBO YCrOBHEIX BepoATHOCTEH
(6) bopuynmpyror npowe: Ecam P(4B) = 0, |
10 P(B|A) = 0. Omwaxo Taxoe ynpouenwe o
MosxeT oBepryThca rpySIMm ownGamm. -
510 B ToM, 9To B yKasawoll (opMynHpoBKe
YUyCKasoT W BN MpHHUMTHANGHOE OTRWHE
nesoawoxmoro cobermia (AB = 2) oT co- % 7

GuTilt, peamioyioumxca ¢ Wynesoll BeporT Eio 197
woctero (P(AB) = 0). A wm yixe amaew,
4To ecnm HemoaMOKHOE CoBlITHE He MpOWCKO-
AWT WWKOrA, To coBEITHA < Hynesoll BepoT-
HOCTBI0 peanayroTea cmows n pamon. TTe3ToMY MOXET CnyIHTECA Tak, 470
P(AB) =0 u P(B) = 0, a ycnoswas sepontrocts P(B|4) # 0. Yoemmucs s
aTow, Bepnysuncs Kk 3anave Brodpcpona, Brrmenmy yenosnyro seposThocTs
Nepecesenin uran W npawolt (coSsiTe B) mpw yonosw, wTo wrna ymana
o yrnow izq Kk mpavs (cobsiTwe A). TeoweTpuveckuts o5pazom nepecevie
HHA YKasaHHBIX COGBITHH CAYXHT BepTHKANBHEIN OTpe3oK, H30GpaKeHHEI

Yran nagens uras 2o,

a4



[image: image47.png]wa Fig. 21. Ero nnowas paswa wynwo. Cnenosatensho P(AB) = 0. C npy-
ol CTOPOHBL, i KA TeNCTBHTENBHO YTANA MO YIMIOM o, TO B KavecTse
HOBOTO MPOCTPANCTEA 3/IeMeNTapHEIX CoBMITHN HAT0 GPaTh COBOKYHOCTE To-
eK OTpe3Ka, 2 BRPOATHOCTS NONANANWA B WHTEPEAN KA. HeM BHISHCAATE KaK

oTHowenwe faunn nTepsana K daune oTpeska. TlomcunTas Takky crocoSom

WEKOMYIO YCIOBHYIO BEpOATHOCTS, Moy THM:
!
P(Blgo) = singa. @)
Brech A 3ameHeHo Ha MAPAMETP o, ABHO BEIPAXAMILKA CYTb YCNOBHA.

Ofume croficTea yenormoi BepoTROCTH

BeincHinu obue cBoNcTBA ycioBRoMN BepoaTHOCTH. TIpH 3T0M BAXHO YeT-
KO MOHWMAT, 4TO MOCAEIHAR Mo CYTH HWYEM He OTAHYAETCA OT OGHINHEIX,
Geaycnoswsix sepoaThocTel. Tloackun crasanwoe. [l 3TOro HAMOMHIM,
4T KAK W B PHIHUECKOM 3KCTEPHMENTE, MOM CTATHCTHYECKNM WCMEITANH-
M MoNpasyMeBUOT UENBI KOMMAEKE YCnoBiN, KOTOpHE HATO BHINONHWTS,
4TOBE WCMBITaHWe MpW3HANW cocToABUINMCA. Tak Gpocan MoWeTy, HAO e2
CHABHO PACKPYTHTS, 3 BRANANE YOSIHTHCA B CHMMETPHIHOCTH woneTt. B
OBroBopeNHEIC 2apaNes YCIOBHA HCMEITAWA BONHE MOXET GHITE BRIKYEHa
W peanuaalA HeKOTOPOrs cy4alHOO YCHoBHA (4TOSH YBHIETE MeTeOpHT-
el 10K1b, HeGo onxHo G8ITh GesoGnasnein). Apyroe geno, 410 yroMHHaR
o caywalinom COBHITHN, 329ACTYIO He YKAIBIBAIOT BCeX YCAOBKH ero HABNKo-
mernn. Taxww 06pasom, yCIOBRAR BEPOATHOCTD OTANYAETCA OT “Gesycnos-
HEIX" HWE TeM, 4T0 ABHO OGTOBOPED OHO W3 YCNOBHH, MPH BEIONHEHHH
KOTOpHIX WCMEITAHHE CHHTART WMEBIINM MECTO.

Crenosatentio, sce obiuwe cBolicTsa o6BIHEIX BepOATHOCTEN Ges Have-
HENWA MEpEeHOCATCA WA yCnoBHBIe BepoaTHocTH. Tak 0GNACTOR WaMeHEHHS
YE0BHON BEPOATHOCTH Cly XHT exwnwatl otpesox P(A|B) € [0,1]. Mpw-
4EM BEPOATHOCTE IOCTOBEPHOTD COSHITHA PABHA GIHHWIE, 3 HEBOIMOXKHO-
1o Hymo. B 3TOM HETPYIHO YGEINTLCA HEMOCSICTBERHO, MONCTASHS B (5)
B=0,25(6 B=20.

Ha yCioBHYIO BePOATHOCTS PACHPOCTPAHAKTCA W AKCHOMEI KoHesHolt (cuer-
Hol) AMIHTHBHOCTH, & TaK Xe TeopeMa cnoKeHH A BepoaTHocTel (3.14). Tons-
KO NPHMEHHTENBHO K YC/IOBHEIM BEPOATHOCTAM OHA HMERT BN

P(AU B|C) = P(A[C) + P(BIC) - P(4BIC),

re ¢ cnywalinoe coBsITie, P YCNOBHH PeH3AUNK KOTOPOrO BEINHCAAETCA
BepoTHOCTD oSvemuHeni cobarTHl A w B.

a5



[image: image48.png]1.6.3 ®opMyIa yMHOKeHHs BeposTHOCTEH
Tommonus o6e wactu (3) wa P(B) a (4) wa P(A), npuem x pasenctsan
P(4B) = P(B)P(4|B) = P(4)P(B|4), )

BEIPAKAMOWIM COTEpIKaHHe TEOpeMbl YMHOXeHHA BepoaTHocTell. Cornacko
el seposmmocmy npoussedenius Jayr cobumutl paswa npoussedeniio sepo-
AmMocu 00020 U3 WUT HE YCaosNY aeposTNOCTIY Jpy2020, NP YeAOSUU
mo nepaoe npouzous.o.

Hrorsa Tpefyerca Gonee obuan dopyyna ywHoXenns, cBATMIBAOWAT
Tpu u Gonee cnywalineix coSsiTns. Beisenew ee ana Tpex cobermt A, B u C.
Henanbayen npexsiyuty o popyny, NPEICTaABHE BEpOATHOCTE WX Mepecerie
WHA KaK BepoATHOCTS Mepecesenta mvyX cobsimu ) = AB w C. Cornacro
(8) wweene

P(ABC) = P(DC) = P(D) P(C|D) = P(AB) P(C|AB).

TogeTanns croma, suecto P(AB), nocnennror wacts dopuyas: (3), nony sy
oxonvaTensio
P(ABC) = P(4) P(B|4) P(C|AB). ©)

Taxiu opazo: aeposmmocms nepeceventia mpex cobumiuil pasHa seposm-
NOCTNU NEPBO20 U3 HUT, YMHOOCENNOL! HE SEPOSTINOCTID EMOPOZO COBNTILR,
PU YCA0SULL, \MO NEPSOE NPOUIOU A, 1 WL SEPORTINOCTID TAPETIDEZO CObN-
s, npu yerosuy, xmo npousousat Jea nepewz.

Herpyano ofobuTs moxazannyro opsyay Ha cnywall mponasonsHoro
ancna n coSuTHl Ay, Az,... An. O6uan dopyyna yuHoxeHis BepoaTHo-
cTelf TakoBa:

PlAy... An)
P(A1) % P{Az| A1) x P{Aa|A142) x -

X P(AnlArda.

(10)

1.6.4 ®opmyna nonHOH BEPOATHOCTH

BoiBeliem elite Oy BAIXHYO, HMEIOULYIO MHOTOTHCIEHREIE TPHMEHERTA,
Goparyay noanols sepoxmocmu. Tlepen sTHM BBeIEM NOHATHE rioaNOT Zpyn-
n Mecos MecTNE Cobamait:

Tpynny cobsmutt {Hy, Hy,... H,} vasmBasoT nonwoll rpynnoli Hecosmect-
HEIX COGBITHN, ecnW Bee COGBITHA IPYMNTE MOMAPHO HECOBMECTHEI:

HiHi=2  (kI=1,2...0, k#]), )

2 WX 0B BemHHeRte 0GpasyeT QoCTOBEpHOS CoBHITHE:

a6




[image: image49.png]Utr=n. (12)
=

Jlpyriwn crIosasw, B KANIOM HCTEITAHIN pe-
ANH3YETCA OMHO M TOMBKO ONHO W3 COBBITHH
rpynmi. Horma snevenTs nonwoll rpymme:
HECOBMECTHBIX COGBITHH HA3BIBAOT ZUNOMEIT-
.

Bosswen WewoTopoe mpowsBombHoe cy-

HA

“aliHoe COBHITHE A W 3AMETHM, 4TO BHINOMHEHO
pasencTso Fig. 1.22

B N Cobtite A (sakpawennan

A=an=a()H =) AH,. (13) obmacte) cocramneno kax

= = JETCHAR KAPTHHKS, M3 Nepe

cevennit AH)-AH;.
Crpasennmsocts, ero arnARHO REWORCTPHPY-

er awarpamyia Benna na Fig. 22.
Tockomsiy sce ofvemunsewsie cobsTna A Hy 8 npasoli wacT pasencrsa.
(13) WeconwecTHBI, o aKCHOME ATAUTHEHOCTH MMeeM

P(l“J AHy)
=

P(4)

STR(AH).

C mpyrott cTopoHsl, cornacHo GopMyne yMHOXenna BepoaTHocTell (8), Ka-
KOe cnaraeMoe MocnemHel CyMME! MOXET GHITD SATHCANO B Bl

P(AHy) = P(H) P(AIHY).

TloncTaBHB 370 paseHCTBO B MpeabIYlles, NPHIEM K obelantol (opuyne
monKol BepoATHOCTH

e =Srwmram)  (Srow=). o

=

Tlpusep: TIponemoRcTpupyes HCMONK30BaNHE (poPMYIIE! MONHON BepoAT-
HOCTH MPHMEPOM H3 CTYIENTeckol KHIHH. IKIAMEHAHONHY IO paboTy, Ha-
MHCAHHY®O rpyRMO CTYNeNTOB, MpoBepAIoT TpH mpobeccopa. CraTwcTide-
ckan 06paBOTKA APXHBOB (aAKYIBTET MOKAIANA, YTO BEPOATHOCTE CTVIEHTY
MONY<HTE Heym y Mepsoro i3 HiX paswa 1/2, y sToporo 1/3, 2y Tpersero 1/4.
PaGora Towa ¢ pasHol BOIMOIKHOCTBIO MOXET MOMALTE MicGoMy Mpocheccopy.
Kakosa sepoathocts, 4o Tow nonysut seyn (npowsotizer cobsrre A)7

a7



[image: image50.png]Tonwyto rpynmy wancos sece oSpazytor cobsirua Hy, Ha, Ha, wto pa-
Gora Towa Monana, cooTReTCTBEHHO, MepBotY, BTOPOMY WM TPETheMy Mpo-
dpeccopy. OMeBIINO, BePOATHOCTH MepevHCIERHEIX COBTHH pasHsl
1

P(H, 3

= P(H2) = P(Hs) = 05)

M2 CKA3aHWOMD TaKXe CACHYET, 4TO YCOBHbIE BEPOATHOCTH MONY TS HEYI
Taxosst

PlAlM) =3, P(AIH) ;— PlalH) = T

16)

Cnenosatensho, sepoatrocts Towy nonywuTs Hey, cornacno (opuyae on-
Holf BepOATHOCTH pasHa.

P(4)

P(A)P(A|H) + P(A)P(A|Hy) + P(A)P(A| Ha)

1 1 1 1 1 1 13
FX5tyXgty e g 0N *

1.6.5 @opmyna Baiteca

70681 nyTLe MoWATS, 0 YeM MoNIET pest, MpoTQn AN obcy IeNHe Mpe-
Asmyweh samasn. Tow yawan, «To emy nocrasnen weyn, Moxer niw on
ouennTs, Kaxomy mpocbeccopy momam ero pafora. [na storo Touy Wa-
0 ssamcawTe seponTHocTn P(Hy|A) 4to paora nomama k-wy npocpeccopy,
npw yenosun wTo Monysen meyn. TlomobHbie BepoATHOCTH HasHIBANOT Gno-
CMmEpUOpHIAL, 9TOG OTAHYHTS WX OT GRPUOPNUT BEPOATHOCTEN, 32MAHHBIX
bopuynamn (15), (16), w wasecTHEIMK 10 TOro Kak paBoT GrinK NpoBepeRE.

ANoCTepHOpHEIE BEPOATHOCTH UEHHE! TeM, TO KOPPEKTHPYIOT HalK 3Ha-
WA o cnyvalinex coBsITHAX Wa ocHoe MocTymwewedt wchopmaunw. Bei-
AHCIIEHHE AOCTEPHOPHBIX BEPOATHOCTEN BAIKHO MPAKTHHECKH Be3fle, e He-
TOIE3YI0T BEPOATHOCTHEIE METONEL, OT MPEICKAZANN A MOOEL, OGHApY KeHIA
W PACTIOIHABANIA CHIHANIOR, 10 MOWCKA B WHTEpHETe, WIS Ha GWpaKe H pac-
cnenosann yronoswex fen. Cyms o MKOIAX Mo WX MOCTYMKaM, MBI MoX-
C03MATENLHO MEITAEMCA YTATATS AMOCTEPHOPHEIE BEPOATHOCTH X HCTHHHBIL
Hamepent.

Ccpopuynupyem  peumiy 06O 331aTY BHINHCIEHIA ANOCTEPHOPHEIX
seponTocTell. IlycTe Kax u mpexne wheeTca rpynma runotes H, ... Ho,

WIBECTHEI WX AMPHOPHEIE BEPOATHOCTH

P(H),

pey (Erom=)

a8



[image: image51.png]W yenosusie seporTHoETH
P(AIH),.... P(A]Ha).

Crano wssectro, w10 B HCMEITAMIH MpoW3OWIN® cobsiTHe A. Cmpawmsastca,
WeMy PABHEI AMOCTEPHOPHHIE BEPOATHOCTI

P{Hi|A),...,P(Ha|4).

TocTasnenwas 3amava pewasTcs ¢ MoMoWEHo popuyn ycnosHoli BepoaT-
wocTw (4), yuwoxenns seponTHocTelt (3)  monwoft eporTHocTi (14). Tlo-
noxis & (4) B = Hy w npisnexan dopwyny (8), bymew ivers
P(AIH,) P(H,)

P(A)
TMpeobpasys swamenaTens ¢ momousko opuryssl monHol sepostrocTi (14),
TNyt OKORWaTENbHO

P(Hi|A) = 17)

P(H,14) = DU (9

Z, PUH)P(A|H)

D10 w ects obenannan gopmyae Fofieca, Bupaxamman anocTepropHsie
YCI0BHbE BEOATHOCTI Yepes AMPHOPHEIE BEPOATHOCTH.

Tpuverrensio k Towy, TONYYHBLEMY HEYI, AMOCTEPHOPHEIE BEPOAT-
HOCTH 7010, ¥To €0 PaoTa MOMANA, COOTBETCTBENTO, MEPBOMY, BTOPOMY If

Tpetsemy mpocpeccopan, passt
P(H|4) =

Remark: Bameraw, 7o anocTepiopHiie BepOATHOCTH rumoTes, Kax i
anpiopHse BEPOATHOCTH, B CyMME JART SIHAHLY:

g:P(Hk\A) =1. (19)

B0 pavencrso Bupawaet, HesABHCAIIEE OT HTOFOB HCTWTAHHH, CHEACTSHE
CBOMCTBA FHIIOTES B COBOKYMHOCTH OXBATHBATH BCE MPOCTPAHCTBO SIEMEH-
Taphx coburalf . Pavencrsa, nonobue (19), HASHBAROT YcAoUEM HOP-
Mupossu. B aansHefiuien Mul He pas BCTPETHMCA C HHM NpH AHATH3E CTATH-
criveckux cooficrs cryvalinux penmans. B
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[image: image52.png]1.7 CrarucTMyiecKkas He3aBUCHMOCTb

Ha chopuyne ycnoswol sepostroctn (6.3)

P(4B)
P(B)

GasmpyeTca elie OIHO KIHOYeBOE MOATHE TeopWW BepOATHOCTeN, Mo ATHE

P(A|B) =

CmamucmuNecKoll NesasUcuMOCTI cyHaliHEIX coBbTHlE. B ofwem cnywae
WHOpMALIA o ToM, TPOHIOULIO B IANHOM HCMBITANNN cobsiTHe B waw HeT,
wenser seponTnocTs P(A|B) WacTynnenns & To e WCTSITAMWH CoSHITHA
A. Onwaxo ecnu coBSITHA HIKAK He CBAZNEI MeXTY coSoll, To BEPOATHOCTS
cobsTua A ocTaeTca newavenwoft, we 3aswcnT o1 B. Marevamieckn, daxr
cramHeTHwecKol esasncHwocTH coSsiTuli A n B Beipaxaetca pasencTaom

P(4|B) = P(4). U]

Orcroma w e popuyasl ywmoxenna seposTHocTelt (6.8) Biawo, ¥To Bepo-
ATHOCTE MepeceveHH CTATHCTHYECKH HESABHCHMEIX (GYeM HA3LIBATE WX B
AansHeliluem MPOCTO HE3ABHCHMBIMH) COGBITHN PaBHA MPOH3BEIEHHIO HX Be-
poaTHocTel

P(AB) = P(4)P(B). @
Tomuepxres, 4T cRONCTBO HesaBHCHMOCTH COBBITHN B2AMMHO: eca coel-
Te A we 3asucnt o1 B, 7o w B ne 3asncwt o1 A:

P(A|B) = P(4) = P(B|4) =P(B).

Popuanso, 4ToGH yGeruThCA B HeaasmeHMOCTH cnywaNiNEIX cobeITHH A
w B, wago wakitw sepostwoctn P(A), P(B) u P(AB), noncrasute wx & (2)
W MpoBepHTL, BEIONNAETCA N pasencTsn. OHAKO allle BOSrO HesASHCH-
MocTs coSuTHl 3aparee ovennawa, i Torna opuynol (2) nomsayiotes anx
BEINHCIIE A BEPOATHOCTH WX Mepeceveniia.

Tipuwmep: TIpuvepou ovesnINo HesasweHvel: coSSITHH MOTYT CAYXHTS
BEINATeNHe OpNA HA. MOWETE i WECTEPKH HA KOCTH MPH OTHOBPEMEHHOM WX
Gpocasn. TTaTomy BepOATHOCTE OMHCANHOTD COSHITIA pasHa

1 1

Plhead 16) = > x
( )=3"%
Ecqin sapanee ovesiIna BIAMMHAN HesABHCHMOCTS Habopa i 7 coSaITuit
{A1,..., Au}, To BEPOATHOCTE WX Nepecevientta BEINHCAIOT Mo AHaNOTHHON

(21) dpoprayne
P(A) Az... An) = P(A)) x P{A2) x -+ x P(4,) 3)

1
=% = 0.083 *
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[image: image53.png]Tak seponTHOCTS, ¥T0 MpH GPOCANINH Tpe KocTell BHINATET MAKCHMAMbHOE
e 0Wkos (TpH WecTepKR) paswa

9 9

Fig. 1.23
TlocnenoBarensHoe coRTHHEHHe NaMMOMEK B THPIARIY.

Tipuwmep: [Ipyroft, Gonee “WixenepHeil”® MpHep HeaaBHCHME CoSHITHH
HaeT 321a%a 0 enouKol rMpNAK e (TOCIENOBATENEHOM CORIHHEHHI NAMMONEK).
Tok B enowHoll FHPNAHIe MPOYOIUT Yepes i NOLNENOBATENLHO CORTHHENHBIX
namnosex (cu. Fig. 23). Ecam xoTa G5l oHa W HHX NeperopiT, ToK Mpekpa-
waercs, 2 rMPAANTA Nepectast caeTwTo. T1yCTs BepoATHOCTS, 4To k- nav-
MoWKa OCTaNeTCA HCMPaBHON B TeveHHH Boero poXaecTsa, paswa py. Halitn
BEPOATHOCTS, ¥TO MPNANIA GYET CRETHTS Bee poIIECTEO.

Oomasi 32 By coSiTwe, cocTomuiee B Ton, w70 k-n maMmowka. sce
pomaecTso nenpaswa, a 2a L, 4To Wenpaswa Bca paAnma. Yrkazanwsle co-
GuiTin cnaane: wexay coSoll pasencrsasm L= By By -+ N By. Ovenn
HO, BEPOATHOCTE NAMIIOYKeE OCTABATHCA HCMPABHON He 3ABHCHT OT COCTOANMA
OCTANLEIX naMMoveK. A IHAYHT BEPOATHOCTE HCKOMOTD COGEITIA PaBHa.

P(B)=ppropn- Kk

P{L)=P(B)) x P(B;) % .

Remark: Orcrona creayer paxasill BBOT TeopiH HATENHOCTH, HTO Mpi-
BopH € MOCETOBATEIS MM COSTHHENHEN MHOTIX SMEMEHTOB, KOTIA TONOMKA
oaHOre 3 HIX BBOANT 3 CTpOA Becs MpuGop, owens Memanexs. [Tycrs,
K Mpumepy, rupnanIa oseauAAST CTo NAMIONSK, OGAATANOWI I0BOMEHO
Baicorolf magexmocTsro (p = 0.99). Torma sepoathocTs rupaanie caeruts
Bee poxcaectso paswa

P(L) = 0.99™ = 0.366

Hinbinn ciosamu, K KOMY poXcIecTS MOTACHYT MOWTH Ibe TpeTH Taxmx
rupnanz. B
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[image: image54.png]1.7.1 He3aBHCHMOCTb H HECOBMECTHOCTh

Ha Gymywes Monesmo yacHuTs saavocs st cBoficTs HesaBHCHMOCTH W
necoswectnocT. [ weconmectnsix cobsimihi P(AB) = P(2) = 0. Eenn k
Touy e cobsiTHA A i B HESABHCHUEL, To IONKHO BHINOMRATLCA PABeNCTEO

P(A)P(B) =0.

Hate roBOps, HecoBMECTHBIE COBHITHA 3AOTHO H HEIABHCHMEI, AWLIE ccnir

BepoATHOCT xoTa Ge1 omWoro Wa MWX paswa mymwo. B mpoTwemow cnywae

HE3ABHCHMOCTS 1 HECOBMECTHOCTE BIAMMHO HCKIIONAIOT APYT APYTa.
‘BameTHst owaKo, 4TO BHNGTHEHNE PABEHCTE

P{AB)=P(4)P(B)=10 “

He TApAHTHpYeT HecoBMECTHOCTH cnyWaliWEIX CoBHITHN, 3 CaMW oMW MOFYT
okasateca saswcumm. B crasammow yGemmaer ycnoswas seposTHOCTS
(6.7) nepecewenns urnoli n npawsix (cobsiTwe B) mox onpenenents yrom
o (coSerme A). BepoATHOCTH ykazamWeIX coBSITHN MOMMHAIOTCA pase-
cTeam (4), onwaxo yenosHan BeponTHOCTS (6.7) SaBHCHT OT o, Tew camEIM
CBIETENLCTBY R O ABHCHMOCTH CoBbITHH.

EOuHCTBCHHEIM COGBITHEM, OINOBPEMENHO HEZABNCHMEIM  HeCOBMECT-
EIM © DOBEIMH [Py PRI COBBITHAMN, TBNAETCH HEBOSWOXHOE coBEITHE 2.
CHTyauua sfieck HATOMHHAET MOPOBOPKY O YepHON KolKe B TeMHoll KoMHaTe,
KOTOPYIO HHKTO He MoNtaeT, MoToMy W70 e Tam HeT.

1.7.2 Tapagoxc Bepumreitna

Tpuanante “oveBHIHEIM® He32BHCHMOCTH HexoToporo WaSopa. cnywali-
Weix cobsTit, wanpuviep cobsTutt A, B w C, kax npaswno anenmmpyer k
“sapasomry cueicny”. Wworna on maet oceuxy. Moatomy moneawo Tuarens-
O AHAN3WPOBATE MPETNOCHIIKW BHIBOTA O HEIABHCHMOCTH TeX WAW WHEIX
cnywalinex coSbiTHH.

Bavactyto, oGocHOBIBAN HeaABHCHMOCTS CaYalBIY cOBITHH, OrpaRHIH-
BasoTca Nposepkoli X nonapoll Nesasucmocmi. To ecTs, MpHMeNHTeNbHO
« cobsmnam A, B w ', BRIACHAIOT, CNpaseInNBE W pasencTBa.

P(AB)=P(4)P(B), P(BC)=P(B)P(C), P(AC)=P(AP(C). (5)

OkaseisaeTcs, omoll MOMAPHON HESABHCHMOCTH WENOCTATONHO, 4ToBE! TpH
COBBITHA MOIXHO GBINO CINTATS BIAWUHO HesaBeHMBIMK. TTokaxew 370 Ha
npimepe napadonca Beprumetia:
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[image: image55.png]Bpocis Ha CTON TeTpasp, TPH FPAHN KOTOPOTD BEIKpAIlIeHE], COOTBET-
CTBEHHO, B KpacHEIl, CHHIH W SeneHBIl UBETA, & YETBEpTad rPaHb pasHo-
uBeTHas, packpaiiena BoeMi Tpews useramn. CoSwine R cocToNT B ToM,
4To TeTpasip yman Wa rpasb, coliepxauuh KpacHel UBeT. AWANOTHSHO
onpenensioTca cobsmia B i G. Cornaco cyeme WaNCoB, BePOATHOCTH 3THX
cobeiTHit pasHEl

P(R)=P(B)

P(G) ®)

MOCKOMBKY BCEro WaHcos 4, Mo “HCNY rpaell TETPaspa, a KAKIOMY CoBsI-
THE GNANOMpHATCTBYET [Be, OIHOUBETHAN W PASHOUBETHAR, FPANW.

Awanoriino nero HaliTH BePOATHOCTH Mepecevie A MoGOrD W3 ABYX Me-
pestwenentex cobermi. TaK KA KAKIOMY Mepeceqentio GaronpuATCTEYeT
oHa, (paswouseTHas) rpans, To CpaseTnWES! paseHcTEL

P(RB) = P(BG) = P(RG) = % )

Ha (6), (7) snawo, wTo & manmow cnywae yciosus MonapHol HE3ABHCHUOCTH
cobsrmuti R, B w G ssnonwenss. Owaxo wapyweno pasenctso (3). B cavon
sene, nepecevennto coSerrnii RBG GnaronpuatcTsyer masenwe Tetpasnpa
Wa pasHolBETHYIO rpan, @ SHATHT

P(RBG)

1 1
3 #P(AP(BIPEG) = 3.

OnegosatentHo, ykazanwsle cOBBITIHA CTATHCTHYECKH SaBHCHMEL.
B obiiem cny e, yCTAHOBNEH e HESABHCHWOCTH Tt coBWITHl { Ay, .., A}
Tpefyer nposepin 2° — n — | pasencrs Tma (5), (3).

1.7.3  BepoATHOCTb 06heARNEHHA HEIABHCHMBIX
cobriTHE

BepHemca k Teopeme cnoxenna sepoaTHocTelt (4.7). [na HesaBcHMBIX
cobbiTHit mocnemwes caraswoe & (4.7) paciuennAeTca Ha MpONsBemeHHe Be-
posTHOCTel oTRenbHEIX cobbITHM, w (4.7) pHoGpeTasT B

P{AUB) =P(A)+ P(B) - P(A)P(B). 8)

lpyryto, monesnyro mpw pacterax, Gpopyyny BepoATHOCTH oG eTHHENHA

HE3ABHCHMBIX COGHITHH MONYSHM, SAMETHB, HTO HESABHCHMOCTS {1, .., An}
BneveT 3a coGoll HE3ABHCHMOCTD MPOTHBONONOXHEIX COGBITHH {A),..., An}.
A sHastuT, cornaco dopmynam (4.9), (4.10),
P 4 =1~ [ P(4,) ®)
P =]
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[image: image56.png]P(AUB)=1-P(A)P(B). (10)
Pasymeerca, cooThowenwa (3) u (10) skesanenher. Urobe ybemwrsea
B 3TOM, [I0CTATONHO BCMOMHWTE, 4T BEPOATHOCTH COGEITHA W MPOTHBOMG-

noxHsIX wu cansans1 pasencTsom (3.15). Cnemosarenswo (10) MoxHo nepe-
mieaTs Tak:

P(AUB)=1-[1=P(A)][1 - P(B)] .
Packpeie KBagpaTHsie CroGKH, Bepetca K BIpaXeHmo (3).
Awanoruino, Bupazus 5 (9) BepoATHOCTH MpOTHBOMGNOXHEIX coSBITHH
4epe3 BEPORTHOCTH HCXOIHEIX COBBITHN, /1A BEPOATHOCTH OGLEMHHENHA Tpex
cobsmutt A, B w 7 Gymew nvern

P(AUBUC)=1-[1=P(4)] 1 - P(B)] [1 - P(C)]

wn

P(4UBUC)=P(4)+ P(B) + P(C)
—P(A)P{B) - P(A)P(C) - P(B)P(C) + P(A)P(B)P(C). (i

opuyna (9) ocobenno ymobna mpw Weenemosawm BeposTHOCTEN 0GB~
eanmenns Gonbworo wncma coSerTih. Jna WAMMOCTPAUMH pewny 32Tty o
ArocTpe ¢ 1 nammoNKanH:

Tpumep:  JIaMmodKH MOTCOSTMMENS K BMeKTpHYecKol ceT Mapannens-
WO, TAK "TO eCH MEPErOPHT OIHa. 3 HIX, OCTANBHEIE MAMTTONKH ByIYT cBe-
TTs. TIycTs BepoATHOCTE KaXIOH NAMITONKE OCTABATECA HCMpPABHOH B Teve-
WHI BCEro BevEpa PaBHA p W He SABHCHT O COCTOARWA OCTANLHEIX NATOYEK.
CHpaWBaSTCA, KaKoBY BEPOATHOCTS WTO B TEWEHITH Bevepa & NocTpe bymeT
cBeTuTs xoT7 681 omHa nasmowka (cobmiwe L). Momerasws s (9)

P(A)=1-p,
RonysuM yaHBHTenLHO MpocTOlt 0TBET
P(L)=1-(1-p)". (12)

Orcrom. Bwwo, wTo wem Gombie MaMMONEK B MoCTpe, Te BepoRTHEE He
ocTaThCa B KpoMewHON Tove. Jaie ecain 32 Bevep MeperopasT KAKIAN BTO-
pan mammouka (p = 1/2), o npw » = 10 nocTpa BymeT cReTHTS ¢ BepoATHo-
o0 P(L) = 0.999. Ecrectsento, nonoSee creicTsis mapannensworo oo
CHMHERIA 3MEWERTOB BAXHE! He TONLKO [17 YCTpoTenel party, HO HAXomAT
MHOTONHC IEHNBIE MPHMEHENIA TPH KOHCTPYWPOBANIH AIEXHBIX MPHGOPOE
H KOHCTpyKum.
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[image: image57.png]1.7.4 MHeMONHYeCKOe TPABRIO

Qopuyna (11) # momobHble el HAIOT MHEMONHYECKOE MPABHAO EKOH-
crpyKumH obux popMyn ana BeponTHOCTEN oSbenWHeHws cobmTuh. Tax
MOXHO MoKa3aTh, 4To 3aMeHHB B (11) Mponssenenna BepoATHOCTEN Ha Be-
POATHOCTH Mepecesenin coBITHH, Mony WM MPABKALHYI 0SUYIO bopyyay,
CMpaBenAWEYko INA MPOHIBOMLHEIX e TONBKO HEIABHCHMEIX) COBBITHN

PAUBLC)=
P(A) + P(B) + P(C) - P(AB) - P(AC) - P(BC) + P(ABC).  (13)

K npuMepy ana wecoswecTHsI: coSITH, BepOATHOCTH Nepecewenwil KoTo-
PHIX PaBHEI HYIIIO, MoNYYHM OTCIONA OYERIINOE CIEICTBHE AKCHOMS KOHES-
HOl ATTHTHBHOCTH

P(AUBUC)=P(A)+P(B)+P(C)
(ANB=ANC=BNC=02)
BocioNbayemcn MHeMONHSECKHY MPaBHION, ToGH! YCTANOBHTS € MoMo-
wero (9) obuyro, nomobuyro (13), bopwyny BeposTHoCTH obBemuHeNHA 7

coBsiTuli {As,..., Ax}. [NA MPOCTOTE! BYIIeW MOMAraTs, 4T0 BEPOATHOCTI
Bcex coSuITHTr omwakosst  pasws: p. Torma (9) mpHweT yxe sHakomsif BT

() A) = 1-0-pp.

Gormacwo dopuyne Grmowa Herorona
r=a = 5= (7).

Toncrasis mpasyio wacTs nocnemwero pasenctsa. & (13), Gynem wmers

P() 40)

Pp= (:) Pt

Hanosrin, Bxommuunh croma Guwosmanswett koadpmument (2.11) pasen -
cny coveTanli k 3NEMENTOB H3 R, TO €CTE, MPHMENHTENBHO K HAIEMY Y-
a0, COBMATAET ¢ YHCnoM Bcex pasnuIHEIX KowGHAUHN k cobeITHi w3 7 Gez
yHeTa nopamKa wx cnesosanua 5 kouSnwamm. Jaenws 5 (14) Py cyswolt

PRI (4)

e
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P(W) [0]0.5[0.3333 | 0.3750 | 0.3667 | 0.3631 [ 0.3679 | 0.3679

Tainuua 1.3: BepoaTnocT Boe 3piTensy owmGHTLCA MecTani.

(1) seposThocTett P(A, ... Ai,) mepeceuenut ncex KomGuwauwht k coermatt
H3 7, Mony M 06O GOPMYNY BEPOATHOCTH OGBETHHERH A 1 COBBITHH.

YacTo, 0c0GEHHO B HHIKEHEpHBIX MPHIOKEHHAX, 05Cy KIAeMBIE COBBITHA
OIHOPOIHEI B ToM CMBICAe, 4To Bee BepoaTHocTH P(Aj, ... Ay,) omwkakose:.
Torma opuyna (14) mepexomnT 5 pasencTso

() A1) = 3= (:) Pdr... A (15)

BerauTas ero npaByro YaLTh 3 STHHNIE, MPHIEM K He MeHee Moneswolt (op-
MYZIe BEPOATHOCTH Nepeceqenin oIHOPOTHEIX cobbiTl {A,,

P(A,... R, in(_u)*(z) PlAn. A1) (16)

Tlpusep: Pewnw sadavy o weducyunaumuposanwns spumeasz: B apu-
TenbHoM 3ane 7 MecT W Boe GHAETS! WA CMeKTaKb MpomaNEL. 3pHTenn xe
PACCAKHBAIOTCA COBEPIIEHHO Chyalino. Kakosa BepoATHOCTE, 4T0 HW GIHH
W3 HHX He cAmeT Wa “sakowwoe” mecto {cobmitne W = A... A, rme Ay

03Haw2eT, 4T0 k-H 3pHTENs 3aHAN CBOE MeCTo).

Jlnn pewenin npuerem k bopuyne (16), ockonbKy sgech cpasHTens-
HO nerko HaliTH BepoaTHocTH P(A) ... A), 4o Bee mepsbie k spuTenett camyT
wa cson meca. Tlo Teopewe ymwoxennn seponToctelt (6.10)

P4y ... A) = P(A)P(Aal Ay). .. P(AlAy. .. Ay ).

Ouenmano, BepoRTHOCT M-y SPHTENIO coBEpUIEHHO CnYaliHO SANATE CBoe
WeCTo, MoCAe Toro Kak MpeMAYUNE SPHTENN Paccentch Mo CBOWM MecTa,
paswa

P(Anlds... Ans

Cneposatensro

P(Ar... A1) =
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[image: image59.png]Tloncrasns 370 5(16) ey pasen 6 -
Helt kosdpbmtmenT (2.11), MOAY9HM OKOHYATENDHO

I
PW)=3_ %
=3

Bwasenun P(W) nnn weckonexnx awavewnh n npusegens: s TaSnwue 3.
Ha wee snawo, wTo BeponTHocTs P(IV), kax dymkuns m, Geictpo cxomn-
€8, W WATHWan ¢ n = 7 NAKTWWECKW COBNAIAeT ¢ MpeleNoM MpH 7 — 00
71 22 0.3679. 3Havienwe npeena HOBONBHO HEOXWIANKO ¢ MosWuHH “31pa-
Boro cueicna”. Tlocnemniit MOICKA3EIBALT, UTO €CAN HE B 3PHTENLHOM 3ane,
To Ha TPHGYHaX CTANHOWA KTO-To Bee e 3aliMeT KymnenHoe Mecto. Camble
HoTownsle 0BpaTAT BHWMaNWe Ha Gonee Tomkih adexT “WecvacTamBE
weTHbIX aicen: BepoATHOCTS, 4T0 HHKOMY He MOCHACTAWBHTCA CecTo Ha. cBoe
MecTo B 3ane C YETHBIM KOMHYECTBOM Kpecen, Golbllle v Ta e BepOAT-

HOCTE € HEYETHEIM, Ha. EIHHHILY MEHBUINM, THCIIOM MeCT.



[image: image60.png]TnaBa 2

CutyyaiiHble BeJTHYMHBL

B nepsoli rase WaNaranwch oCHOB BEPOATHOCTHONO aHAnW3a cnywali-
e ABneHW. B nofasnaiouien GOnbWNKCTR: MPUKIAIHBI 33034 caydall-
Hble ABNEHHA BEIpaXAOT cnywalinei Benwannamn. Tak mpornos moroms!
CBONAT K MPENCKA3ANWI TEMMEPaTypHl, BAAXHOCTH, Nasnewws. Mayvenwe
cnywaliWeix BenwawH TpebyeT cemnduteckux MoHATHN 1 MeTomos. My no-
CIEMOBATENLHOMY H3NOKEHHIO MOCBAIEHA. JAHHAR 11253,

2.1 JduckperHble cayvaliHble BeJIMYMHBL

Tpesx e Beero oficymuy duckpemmate caywaiine seatir, TPHHIMA0-
LLe B HCTEITAHIK KOHEWHOE WIW CHETHoE WWHCAO JWasien il

2.1.1 PacnpeaenienHs HCKPETHLIX BEARMHH

Cnyvalinyto senwanny X ¢ OTPAHNYENHBIM WIW CHETHBIM HCIOM BO3-
MOXHEIX 3HAYeHNN {T), T3, ..., Ta,... } HA3EIBAKOT AHCKpeTHON. Boe ee coli-
£TBA OMPENENAIOTCH BEPOATHOCTAMN SHASIEHIH

P(X=z)=p, PX=m)=p, .. P(X=2)=pa ... (1)

Ecni nabop B03M0XHEIX 3Hasenil CnySalHON BENWIHHE HEBENWK, CBETENHA
0 Hell CBOIAT B TABAWLY, NEPBA CTPOKA KOTOPOH BKIKHIET BCe IHASEHHA
X, a s10pas wx sepostwocrw {c. Tabnwuy 1). TIpw 3Tom rosopar, 470
3aman 3aKoN pacnpedeacniix QHCKPETHON caySalHON BenHIHRb.

Tlpusep: [IWCKpETHON ABNAETCA CYMMA. 0YKOB, BEINANAIOWNY NPW Gpoca-
Wi asyx wrpansueiy koctett. Tlo Tabnuue 1.1 Nero yCTaHOBHT: e 3aKkoH

pacnpenenenis. On npuseten s Tabnuue 2. %
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Tabnuua 2.1: Tabnuua, ceMaTHveck Wa0GpaXAOUAA 22KOH
pacnpenenenia mcKpeTHoN caywalinol BennHEl X, Huerowel
7 BOIMOXHBIX 3HAYEHHN.

B m1060m HCMBITAHIN PeaninayeTea ML OIHO H3 BOIMOKHBIX aaxenml
cnywatinot senwswner. Tostomy coberma {As, Az,... An,... }, e Ay oo
cTonT 8 Tom, w10 X = 4, 05pazYIOT NOMHYIO FPYINY HecoBMeCTHEI CoBb-

Tuih. Wx oSnemunentie ecTo ocTosepHoe colerTe
Uar=2,
¥

Tax Kak B moSou wemBITaNWH X 06A2TENHO MPHMET KaKkoe-nHGO SHATEHHE.
BepoATHOCTS 10CTOREHOTO COBHITHA PABHA eTWHMLE, 3 HATHT BePOATHOCTH
BOIMOKHEIX SHAEHHN MONIHHAIOTCA YCNOBHIO HOPMHPOBKH

P(l;lAk):Xk:Pk =1. )

Tlpusep: Tumwanoll 17 caMbiX pasHooGpasHeIx MpHIOKeHNH AHCKpeT-
Holt BenwaHHON N ABNAETCA HoMep HE3ABHCHMOTO HCMBITAHWSA, B KOTOPOM
BriepBEIE MPOHCYOINT Hekoe cobbiTHe B. ONeBUIHO, BePOATHOCT HTO Brerd
WEMBITAHHH 7, COBNATALT C BEPOATHOCTERD NEPECeNEH CnySalHEIX coBBITHH

B,=B'nBIn...nB*~1nB". 3)

Brect B* coctonT B Tom, wTo B peanwscsanocs B k-m WemmiTaww, a BE
npoTHBonano:xHoe evy cobsiTwe. TTycTs BeponTHOCTs coSbiTiA B B koM
oTmensHOM WemBITaWWW paswa p. M3 He3aBWCHMOCTH WCMBITawWH cremver,
4To cobbITHA B MpaBol wacTW pasencTea. (3) BamMKO HesaswcHmEl Kpowe
Toro, ecnn B peanusyioTca ¢ OIHHAKOBOH BEPOATHOCTBIO P, TO W MPOTHBO-
TONOAKHBIE COBHITH HMEIOT OIUHAKOBY 10 BEpOATHOCTE ¢ = | — p. A awawnT,
110 TeOpeMe YMHOIKEHH A BEPOATHOCTEN HEIABHCHMEIX COBBITHI

m=PB)=P(N=n)=¢""p (ptg=1, n21). % ()
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[image: image62.png]CYMMa BEPOATHOCTEI! BCeX BOSMONHAX 3HaueHull pasHa
§=pd ¢
=

CyMMHpYS BXOTAIYIO CHOTA MEOMETPHAECKYIO MPOTPECCHIO H Y SHTHBAA 4T
g=1-p, ameen
»

2.1.2 Mnrerpanbuas GyHKIHA pacupedesienus

3anmwch pacnpemeneHua cnyqaliHEIX BENWYWH B BHIe TaGAWN HeyNoGHA B
awanwTHdeckuy pacverax. K wiw nysue npucnocoSnent gy pacnpe-
Geaenizx. Tlepsolt us i ofcymmm unmezpaconyio dynsutno pacnpedeaen

Fe)=P(X <a), )

PaBHYIO BEPOATHOCTH TOrO, 4T0 cyYaliNas BenHHHa X MPHHHMAET B HCMBI-
TANHI SHANEHTTE, MENLLIGE HANEPST 3ATAHOTO T.

Orverny mpuuHAnSHoe oTnwane F(z) o1 seporTHocTH P(X < ).
ApryMenTom mocnenwelt cnyxar cnyvaliisie COGEITIA, & APrYMERT T pyRK-
i pacnpenenenit F(z) Touka wncnosolt ocw (¢ € R). ITo mossonser
Heenenosats ceolicTea F(x) cTAIAPTHEIMK MeTonaM Teopii byHKUMH i~
cnosoro aprywenta. Tax w2 (5) snawo, 4o F(z) neyGusaowan dynwuns
2, onpeenciwan Ha scelt oci T € (—c0,00) W MPHHIMMAIOWAR SHAYEHNA Ha
otpeake [0, 1]. Ee Hanwenbies satente QoCTHIIETCA MPH T = =00, 2 Halr-
Gontuwes mpi ¢ = oot

F(-ca)=0,  F(eo

®)

TpuennTentho k awekperns caywalinei senwnwas, F(z) npegera-
BneT coboll KycoHo-MoCTOANHYIO hyHKUNIO

Fz) ;w"(z —z1), @

TepIALYIO CKATKH B TOMKAX PaspelleHHEIX SHAveHHN T caywalHoll seni-
uisr X. TIpW 3T0M BeNWYHHA CKAYKOB PABHA BEPOATHOCTAM Pa3pEUIEHHEIX
aasenmlt py. B (7) wenonssosana. enwwsHas by HKOWA

s= {0 25Y ®
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Tabmma 2.2: Pacnpelenentie cyMMapHorD T, 0KoR, BEINA-
HAKOUI MK GpOCANWN [BYX WIPANBHEIX KocTel.

Fig. 2.1

TpadHK FeoMeTpHIECKOro PACTDAIENeHHA YHENA BPOCAHHA 10 Nepso-
PoBEnaseHHA opna. H3 padHKa BHINO, 4TO XOTA YHENO BOSMOKHEX
3HaseHHR IV GeckoHeNHO, YXKe BEPORTHOCTS TOR, 410 10 NEPBOTO Bhl-
NAfeHHR Opna IpHIETCA cenath 10 GPOCKOB, CoBCeM Mana.

Popuyna (4) samaer 2eomempuecroe pacnpedencuue. Boavoxnsie ana-
YeHWs pacnpeeneHoll TAK cnywaiHol BENWYHHEI COCTABMAIOT BCe HATY-
panchse wncna N. TIpUMERNTENEHO K HETBITANWAM 3T SHANHT, 9To KK
o1 M Ghino BenwKo M, WMeeTCA MYCTE OWEND MAMAn HO OTAWYNAA OT HY-
N7 BEPOATHOCTE, ¥T0 10 Nepsoll peansaiw cobbrTHa B nputeTcs caenats
Gonbwe M wemsirannii. Tpadwk reomeTputeckoro pacnpeenena wncna
Gpocasuh woweTs: 1o nosenenws opma. (p = ¢ = 1/2) nan wa. Fig. 1.

Remark: B kasecTse nepsoro Tecra na npasuisHOCTs NOTySEHHOTO pac-
npexenenia obsHo nenoms3yOT yenonte HopMuposKy (2). Y6eauncs, 4to
MO BRMOAHENO A3 reoMETpIIECKOro pacnpenenenis (4). B 1annow crywas
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[image: image64.png]Tunuaneit rpadk wHTErpanbHol GYHKUNK pacnperenens cysaliHoro du-
cna Gpocanilt HrpanbHol KOCTH o MePBOTO BHINATEHH [BoHKH (K nKoGors
JpYroro 3arafaNKoro cna owkos) mpusenen wa. Fig. 2.

Fig. 2.2
TpadHK WHTErpanbHOR dyHKUAH PAcTpedenenHs HHCa BPOCAHHR HIPaTt-
HOR KOCTH 0 MEpBOT BHINAEHHA 2ATA0AHHOTD HHCN2 OHKOB.

Tonwepkres, dywkumn F(z) wecer scro nucpopmammo o caokicrsax X.
TaK ¢ e= MOMOILEI HETPYIHO BEIHCINTE BEPOATHOCTE COBBITHA, KOTOPIN
Al Boero WHTepeCYIOTCA B MPHIOKEHIAX. A WMEHHO BEPOATHOCTS Momata-
Wi cayvalinoli senusunel X B nooll Hamepen saganweil wHTepsan [z,b).
Jlokaen 370, ana wero oboswawnu manwoe cobermie Gyxsoi B (B : a <
X < b),a32 A oSosmasmy coSmiTwe, cocTomuee B Tom, 4o X < a. Dmw
cobsTua HecosvecTHEL, CnefoBaTentHO, Mo AKCHOME ALTHTHEHOCTH,

P(AUB) = P(4)+P(B).
Orcroma nueen
P(B)=P(a< X <b) =P(AUB) - P(4).
Kpose Toro, o onpexenenio nuTerpanshol dyniunm pacnpemenenns (5)
P(4)=P(X <a)=Fla), P(AUB)=P(X <b)=F(b).
OTCIoma W Ha MPETBIIYILEND PABEHCTER MOnyYacM

Pla € X <b)= Fib) - Fla). )
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[image: image65.png]AHAIOTHYHO BEINWCNAKT BEPOATHOCTE MOMATANHA X B MOWIBONLHEN Ha-
Gop wHTepsanos Ha swcnosolt ock, Bpome Tex, 4To wsobpaxens Ha Fig, 1.18.
Taxiw o5pasow, HHTErpanonan Gy KA PACTPEIENeHIA MG3BONTET BEISH-
TS BepoATHOCTE AroGoro coSkITIA 13 Gopeneackol anreSpsl cobbi A,
Remark: IToscuas pepoaTsocTasie caoficTsa caywalinbix penuus, mot-
4ac MpuGeraroT K HANTAIHON MexaHuWeCKON HMTepNpeTAME HHTerpamsHof
yHKIIH pacnpeeneHus. A HMEHHO, OTONIECTATANT BEPOATHOCTS € MaC-
Coff “BEPOATHOCTHOO BeleCTBA”, PACTIDETENEHHOID BIOMS OCH T, A (hYHK-
o F(z) nonararoT sepoaTHocTHOM Maccolt ciesa ot Touxu x. [ockomsky
F(00) = 1, 70 ManHas Macca BEpOATHOCTHOTD BEIECTBA BCEFTA PABHA SIHHH-
e, (oOTBETCTBENHO, NpEnensHO ACSH I MeXaHHHeCKnit CMICT Npasolf YacTi

pasencrsa (). Pro Macca BEpOATHOCTH, COCPENOTONSHAT HA WATEpBATE
{a,5). @

2.1.3 Tlnotocts BeposTHOCTeH

Pacnpefenenie BeulecTBa BIOAL MATEPHANGHON MPAMON T B MeXaHHKe
NpeANoTHTAIOT omHcHIBaTE We Maccoll cnesa F(z), a naommocmuo pacnipe-
menenw sewectaa. B oIHouepHom caywas NIOTHOCTE pasHa

s =

(10)

Dywco f(z) nasssaor duddepempuaionon gywsunet pacnpedeaenu wam
naommocmvro seposmmocmed senwinms X. Owa ewe yrobweli, vew F(z),
npw aranuse coolicTs ey salineix senwawn. Tlostouy, rosops o pacnpedeae-
s cnywalinoli senwwwes X (Ges mobasnenns wnterpanswan man mudpche-
PEHIUANLHAR) HMEIOT BBHILY HWEHHO MIOTHOCTS BepoATHOCTEN f(z).

C nomoweo nAoTHOCTH BepoaTHocTel, dopuyny (9) samuceisaroT B BHIe

Pla<X <b)

.
[ 1@ m

B 9aCTHOCTH OTCIONA. BEITEKAET ABHOS BHIPAXENWE WHTerpanbol pywKuLHm
“epes MAGTHOCTS BepoaTHOCTEH

F(z) / flu)du. (12)

Tepesnemmy obuwe crolicTaa nmoTHoCTell BepoATHOCTEH. YcTpemus &
(12) € = 0, NPHIEM K YCTOBUIO HOPMWPOBKH, BHPAXEHHOMY WA AZEIKE
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[image: image66.png]nAoTHOCTH BepoATHOCTEN

/ flaydz =1 (132)

Bropoe o6ilee CBOfICTBO MIOTHOCTH BepOATHOGTEH COCTONT B Tom, w10 f(z),
Kak # NIo6aR MIOTHOCTL, HeoT pHUATENbHA:

flz)=0. (13b)

Jndpdpepenunpys obe wacTn pasencrsa (7) Mo T W BCMOMHWE, 4To Tpoia-
Bomwan emwnwawol bywiuwH paswa mensTa-ywKi

#iz) = 8(z),
Hallem MNOTHOCTL BEPOATHOCTEN IHCKPETHOM cryYalHoll BenHHKE!

fz)= ;m«s(z - (14)

OMo Takxe HMeeT HATMAIHYIO MeXaHHveCKy o HHTeppeTamio. O6pazHo ro-
BOpA, 3T0 CHTYNAPHAA MnoTHOCTs HaSopa GycHHoK (MATepHATBHEIX Tovex)
MACCAMH D, Py Py -y HAHWSAHHEIX Ha OG5 .

Remark: Ecan senwamna C ne caywafina, e nassisart Jemepaunipo-
sawotl. B mmobom MCTNTAMMN JeTEpMUMHpOBANNAE BENHIHAS MPHAMMAIT
oaunarosoe swatenne. [To >Toft NpHNHE HX HASHBAKT ellle NOCTIORNNAM
Beanmnavs. O UMERT CHRTYIAPHYIO TLIOTHOCTS BepOATHOCTE

fl)=bz-C). ® (15)

Remark: OSparin sHuMAHHe, 4TO N0I06HO NIOTHOCTH BEWIECTSA, MLAOT-
HOCTS BEpOATHOCTE!l HMeEET PAsMepHOCTS. 7O MOE3HO HMETH BBUIY, 0CO-
6enHo B MANEHepHHX npAONERHAX. HAnomHHM, pasmepHOCTS omHOMEp-
HOMf MLIOTHOCTH BEMIECTBA [ABHA DASMEPHOCTH BEIIECTBA,JeleHHON HA pas-
MephocTs anuny. Tak Kax BepOATHOCTHAR Macca Ge3pasmepHa, IIOTHOCTS
BEPOATHOCTEHf HMeST PasMEpHOCTS, OBPATHYIO PAIMEPHOCTH ApryMeHTa

[fl) =

3aecs KBAIPATHEE CKOGKH CHMBONHSHPYIOT PASMEPHOCTS SAKINSEHHEX B
Hux seawaun. K npumepy MIOTHOCTS BepoATHOCTEH ciyalfHoro Hanpae-
Hus uMeeT pasweprocTs exunuta va Boast. B
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[image: image67.png]2.4 CB3b AMCKPETHOCTH H HENPEPHIBHOCTH

Brwe oficyxmanice auckperieie senwswnsl. Eue waile scTpesaites
Menpepusne cayaive semucuny. THTHIHEIM TPHMEPOM HempephiBHOH
BeNHAHKEI CAYXHT caysalinas $aza TPHHATOND MPHEMHWKOM NOKAIHORHOTO
curwana

X(t) = Asinfut + 9). 16)

HAMOCTpAUNA K HAXOKIEHHIC MHTErPANbHOR GYHKUMH pacnpenene-
HHA aski, pasHOMEDHO pacnpeenchion b whrepsane (0, 27).

OBBIHO MooeN e HCTOTHIKA CHIHANA I MOMENT €ro BKIICYENH S 32pa-
nee wewasects. TloaTomy momrasor, wTo daza & ¢ paswoli BoamOKHOCTEIO
npuHIMaET nroGee awavenna 3 wTeprana § € [0,27]. H1o nossonser wali-
TH WHTErpanbHY®o hYRKUNIO pacTpenencitn $assl WHCTO MeOMETPHYECKN:
Owa. paswa mnuwe obeli wacTw wnTepsana § < o i 0GNACTH BoZMOXHBIL
awasenuh dazst & € [0, 2], oTHecennolt « ee gawwe 2r (cw. Fig. 3).

flp)

TpadHKkn MHTErpAnbHON GYHKUMH PACTPRICTEHHA W MOTHOCTH Be-
DOATHOCTEN cyHaRHOR adii, PABHOMEDHO PACTEIEneHHON Ha HH-
epsane ® € [0, 27). Tnouaap 3akpaIentoR O5AGCTH oA TpadHKom
MNOTHOCTH BEPORTHOCTER paBHA eTHHHLE.

Tpadpmi nonywenwoli Tak wHTerpansHoli pywkumn pacnpegenenna & gan
wa Fig. 4. CooTaercTayroulee anannTHveckoe BEIpAKENTE HMeLT BT

0,  p<0;
Fl)=P@<y) =1 2, o<y <o a7)
1 < g
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[image: image68.png]Jwdpdpepentmpys Fiiz), watizew nnotocts seposTocTeh cnyualinol dazer:

1s)

Owa nocroanHa. BHyTPH i € (0,27), B MONHOM COTNACHH ¢ PABHOBOSMOXHO-
Thi0 3HavennH a3kl BHYTPW STOTO WHTEpBANA.

ME1 elite MOSHAKOMIWCH ¢ CAMBIMH PASHOOGPAIHBIMH HEMPEDHIBHEIMH C1Y-
GANREIMH BENMANRAMH, 3AMETHM OINAKO, Y10 OTDAWIEHHAR TOUHOCTD H3-
MEpEHTH eNaeT Boe, i B TOM YHCNE HEPEpHIBHBIE BENHINHEL, THCKDETHEI MK,
Tak pocT 4enoseka yKasHIBAIOT [0 CAHTHMETPOB, & TEMTEPATYPY BOSIYXa
o rpamycos. TloaTomy, ¢ MOSHIHH 3KCMEPHMENTATOPOB, HOCTATONHO yMeTh
PaBoTATS ¢ AWCKPETHBIMH CAIYSANEIMH BENWINHAMH, W He 06 ASATENLHO BBO-
AWTh HenpepuiHEle. HanpoTws, TeopeTikam ymoGHee HempephiBHEIe Benk-
4HHB, BEPOATHOCTHBIE CRONCTBA KOTOPEIX GoNlee MPHCMOCOGNEHE 1A aHa-
NHTHYeCKHX pacdeTos. Mel e MONXHEI MONHMATS, ST BHIBENEHHEIE M7
AweKpeTHeIx senmmn obuwe bopuyne (9)-(13) cnpasemnnEs npaKTHECKH
N7 Beex, B ToM WHCIe W HenpepHIBHEIX caywaliney benwunn: omobHo cxe-
ME LIAHCOB, TEOHA MHCKPETHEIX BENWIWH Y3CTO BHITONKAET 3BPHCTHHECKYIO
POk, EMAA HArNATHEIM BHIBON CAMEIX GGLINY COOTHOWEHIH.

TlondepKHe elite, 970 B CBASH ¢ RHTEHCHBHEIM HCTIOMIL3OBANHEM HpO-
BOM TexHHKN OGPABOTKH CHTHANIOR, MEPBOCTENEHHOR IHAYEHWE HMEET MPole-
ypa weawmosarux. TTPHMEHHTENEHO K CnYHalHEIM BENHYNHAM OHQ CBOMHT-
K 3amene X, MOryuel MPHHHMATS MoGsIe SHAYEHNA, IHCKpeTHOMN cyyali-
Holf Benmwmnott X. Omwenm THIHHYIO MPOUEAYPY KBAHTOBANHA:

#=alX]. (19)

rie |z] oswawaer uenyro wacts z. Nyere X obmaaet mnoTHoCTLIO BeponT-
woctelt f(z). Torma X InckpeTwas senwsmwa  MnoTHOCTSIO BepoATHOCTEH

(renia

fo)=Epble-ka),  m= [ flo)de. e}
0

i

Tipuwmep: B MaTewaTnveckis MPOrpaMax HMerTca reneparope: caywai-
WeIX wicen, pasowepHo pacnpexenennsix b nwtepsane (0, 1). B nporpasie
MATLAB o sussisatores kowanmoft

>> rand

Hinxe npHBesien HaSop witces, BEIBAHHEIX 3ToN Koman 1ol
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[image: image69.png]> rand(1,12)

ans =

Columns 1 through 5

09218 0.7382 01763 0.4057 09355
Columns & through 10

09169 0.4103 0.8936 00579 0.3529
Columns 11 through 12

08132 0.0099
Brawo, 4T0 Ha flenle KOMAHIA BELTAST He HEMPEDHIBHO PACTpelieneRHbE
wHena, a wx mpoksanTosaHHeil awanor (19) ¢ A = 107*. Koweuno, pe-

aneHEI War KBAHTOBAHHA ropasfo Menswe. 3amas 1ong dopmar, monyuns
odtepennyto peannsaumo

0.13889088195695

Ho dhakr ocraeTes hakToM: rewepatop ciywaliWelX WWcen B MpHHIHME He
MOJXET reHepHPOBATE WCTWHNO paBHOMepHO pazmpelencmsie wcma. Bee-
A ecT, MycTs Mansif, War KEaHTOBaHHA. BHYTpH KOMNBIOTEpa ON pasen
A =277, 2107 BHEWHeND NOTPEGHTENA, TPHBHIKIIEND K MecATHIHON cHCTeME
cancnesun, A = 10~ 3necs 7,5 € N.

Brinnuwen pacnpelenenite pasHoMepHo pacnpegenentoli B wwtepsane (0, 1)
cnywalinoll BennuHEl, MpoksanToBaNHON ¢ warow A = 1/n. Owo pasHo

iz)=1 E(S(z—%) @)

L=

2.2 CraTucTHYecKHe cpefiHUe

Dymcumn pacnpemenenma HecyT Beio WHGOPMALHNIO O cryvaANHELY Bemw-
wnwax. 3avactyro ona wepecuyp nonpobna. Moatomy BBOLAT Goree MpocTsIe
AHCIIOBBIE XAPAKTEPHCTHKH cayqalinbix BennanH. Hitxe omicansl wekoro-
Phle H3 HINX, Yallle BCErD BCTPENAUOIINECH B MPHIOKEHIAX.

2.2.1 MaremaTHuecKoe OXHIARNE

Tnaswolt wwcnosolt xapakTepucTiKolt cnyaliHoll BenWdWHEl ABNAETCA
Mamemamieckoe cncudove, OBCyIHM HANICTPHPYIOULYIO ero KHTEHCKYIO
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[image: image70.png]curyanmo. Tlyers X; swipysa Takcucra s i-# nens. [loxomwocts Guaweca
TaKkcHcTa onpenensetca cpedvetl Bapy9Kol

1

=g %o )
roe N konwsecTso mell, Mo KoTOpHIM HaxomAT cpemnee. Brumcamny mpemen
apudmerireckoro cpeanero (1) npu Gearpanwion yeenwvennn N, nonaras
To BHIPY¥Ka He HCMEITBIBaET ce0mHEIX KoneSanmh. B Taow cayuae X; ects
HCXOM i-F0 HE3aBWCHMOTO HEMBITARWA OWCKpETHON cnywalinolt senmmis: X.
Jlnn nogcvera. cysws (1) neperpymmupyest cnaraessie. Tyers {21 < 22 <
Z2...24...} Boswoxnsie amavenna X. Torma.

PR
TR

3nece M, uncno wenmiTanntt w3 nonworo wncna N, B KoTopeIX cayvalinaz
BenanHa npuRAna SHavenwe Ty B cuny cooicTea craTweTHeckoll YeTON-

awsocTw (1.1.3), Kamman Zpobo MOX SHAKOM CYMME! HMeeT mpemen

Tiie Pi BePOATHOCTS, WTO cywalinan senwwnHa X MpiMeT swaventie Ti. A
awawnT npesien apidmeThveckoro cpemero (1) pasen

N D ThPh @
T

m X,

N

Beipaxente cpasa  ecTh MaTeMaTHYeCKoe OXHIANHE iy Talinol Benwn-
w1 X. Ero ewe wassisaror cpediiat anavenuies (mean value), Tem camsive
NOTYEPKIBAA TeCHYIO CBASD MATEMATHWECKOTD OXWIAHWA ¢ apHCpMETHIE-
ci cpemsin (1). B mansetiuem Gyiew WCTonbaosars ofa Tepuika Kak
iRl B PasHbIX OTPACHAX HAYKH W HHIKEHEPHH CPETHES SHANSHTE 060~
awawasor Mo pasouy. OITHO 3 HaHGOMEe PACTPOCTPANENHEIX TAK0BO

E[X]=Xk:zkm-

Bnecs E mepsas Gykea dpasss “Expected value of X”. B nwaxeneprsix npi-
NoIEHIAX CpeIHee IHANEHHE TACTO CHMBOHIHPYIOT YIIIOBBIMH CKOBKaMMH:

()= o ®
D
HMeHHO WX ME1 W GYIeM MPEHMYWLECTBEHHO TPHMEHATS B anbHeN e .
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[image: image71.png]Tipuwmep: Buiswcin cpelee wHCa0 04KoB MPH GPocani HTpantHoll ko-
7. Tak Kak BePOATHOCTH BHINAIEHHA AKOGOTD SHCAA OYKOB, OT OIHOMD 0
wecTw, omnwakoss 1 pass 1/6, cywora (3) npiwiiaeT s

X

|
Lk
Cysniupys apudmeTnueckyro nporpeccito, nony waem

1 7x6 7
§X72 T2 @

Remark: OBparum saumasite, 470 cpeates He COBIATO A € OIHHM pas-
pemennsim snasenuen. I1o Tononsno TanmKax cutyamna. Tax crarncraxa

(x

YTBEpIIAET, 4TO HHTEIH HEROTO ropoAKa B cpeanen chenarr 23 aliua B
Zens. DT He IMAUAT, NTO OMH AKKYPATHO CPEIAIOT BEpXYWKY H BHKWIN-
Baror » mycopanii Sax. M muxro, amas uTo Tam e B cpeanem B Helenr
Benwarotca 14.6 nap, me ornycxaer wyTox s aspec menomnofi 0.6 maps. M

Tpumep: Haliem MaTeMaTiveckoe OXITaNTe [EOMETPHNECKOrO Pacpe-
nenestun. Cormazwo (3), (1.4) oo paswo

(NMy=pyng'.
=
Bripasim Bxomaumh Crofia pAIL Mepes reOMETPHHECKYIo MpOTpecciio

Fagod Epld () 11
Semegie-g ()=

O7ciona. i H3 MPETHAYIEro paBeHcTEa Hifeew
{N}y=p~

Tax cpeee 4HCNO GPOCKOB MOETH IO BHINAEHIA OPNA PABHO TBYM, & 10
BEINaTeNIA eXUHHLE Ha WpANbHON KoCTH e= B cpexWen Gpocaror § pas. Kk

Tauw whTerpansHyio oMY SAMHEH MATEMATHYECKORO OXWAANHA:

= [ ofa)d. )

Toacrasws ciopa (1.14), npupem k Bepaxenno (3) ana cpennero mHCKpeT-
wolt senmanne, Cama e Gopmyna (5) CUpasenaNsa. seerna, Korma. HMeeT
CMBICN WHTerpan B Mpasolt wacTi.
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[image: image72.png]Tlpunep: Beidncnnu cpemtnee snaserne caysatinot dass b, paswosepro
pacnpenenennott 8 uurepsane [0,27]. Tlogctasws s (5) maoTHOCTS BepomT-
wocrelt (1.18), Hatizem Hekomoe cpempee
2
1

@)= [ede=r.

PesynbTaT ouesuien: cpeliHes MOTATAET B USHTP HHTEBAIa PABHOBOSMOK-
HEIX sHaserwH. JAMETHM ellie, 4T0 Mpeenl MOCMENNErD WHTErpAna. COBNA-
AIOT ¢ IPANWIAMH WHTEPBANA. BOSMOXHEIX SHAsIeHHH, TAK Kak BHe ero moT-
HocTs BepoaTHocTeH (1.18) ToxnecTsenHo pasHa. Hymo. K

2.2.2 Cpemee 1o ancambmo

HanoMHiry, MaTeMaTHYeCKoS OXHTAHE PaBHO Mpemeny

(X = fim Xy. (6)
Cam npefien TPAKTYIOT KaK ApHMETHYECKOE CpETHeS MO BEeM, YIKe CHEnaH-
WEIM W ToMbKo MpeTCTOAWNM, HemsITan Ay Benwawns X. DT (nwus Gory
H3BECTHBIE) HTOMH Beex HCMBITAKH OBPA3YIOT CRaMUCTIUNECKUL] EHCaMEAD.
ToaTomy MaTemaTH ecKkoE OXHTANHE HATEIBAOT ellle CpedhuaL no ancaMbaro
wan cmamucmirceckun cpedwun caywalinoli senwanns X, oSoanavan ero,
Kax u apidweTHecKos cpentes, YepTol Ko Gez nIeKca N:

xy=x. )

F3BIK CTATHCTHAECKHY AHCAMG 1N BEKPBIBALT CYTh MATEMATHYECKOTD 0IXH-
masus: Tak Kak apupmernieckoe cpenee nocToskkolt C, omiHakosol 8o
BCeX HCMBITAHHAX, PaBHO cebe camoh:

©=t=c,

TO MATEMATHYECKO® OXHIARTE TPAKTYIOT KAK NOCTRORNNYI0 COCIASATIONLYI0,
2 pasHocTD cnywalinol BenndHE! X i et MATEMATHYECKORO OXHIANHA

X=x-X ({Xi=0) )

KaK cayuaiingio omnonenmy sennsnne X.

Bupasu Yepes CTATHCTHYECKO® CPEMHes WHTETPANLHYRO by HKUMIO pac-
npemenexw. Jamerns, 910 apucmeTieckoe cpennee Hz — X ), saaToe o N
peanwsauman X, paBHO OTHOCHTENbHOR 9ACTOTe WCMBITAHWH, MDH KOTOPBIX
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[image: image73.png]BLINOnKeRo HepasencTBo X < 7. CnemoBaTentHo, CTATHCTHYECKo® CpemHes
o1 Bz = X) cosnaat ¢ nnTerpanuroft dywkumeli pacnpemenenns (1.5

Fl@) = (b(z - X)) ©

KOHUEMIH 7 CTATHCTHAECKORO AHCAMBIA BEICBEYWBAET 2aMevaTENbHOE CBoll-
T80 cTaTHCTHuecKHX cpeanix: Benen 3a apudmernyeckuy cpemniy, cped-
e 1o GNCaMBAI0 AUNEENOT KOMBUNIUIU CAYELNAE SEAUNUN PLEHO ANEl:
Mot womBunaruns cpedwuz. TIoRCHNM 370 cBONCTBO HA MpHMeEpe BelHYWHE

Z=aX +bY +c,

rge a, b, ¢ neTepuunuposannsie (nocroannbe), 2 X w ¥ npowssonshsie cay-
watineie sennannel. COrNacHo ykasaHoMy CBOHCTBY

Z=aX+b¥+c=aX +b¥ +c. (10)
B 9aCTHOCTH, MOCTOARHEIN MROJKHTENE MOXHO BEIROCHTD 32 3HAK CPEMHErc:

{CX)=C{X). (102)

Tipuwep: Halizes cpeles wHCn0 0108, BE1MaTasoWIrX MPH GPOCaNMH MBYX
wrpanswex wocteft. Tpavioli crocoS ocrosan wa dopuyne (4) n Tabanue 2,
W CBOINTCA K MOMCHETY CyMMB! IBENRIUATH CHArasMix

(z)_xlﬁx(zx1+3x2+4x3+5x4+6x5+
7X6+8X5+9X4+|0X3+”><2+|2><|).

Mer GhicTpee MpiIeM K OTBETY, MPEICTABNE YHCIO OVKOB WA IBYX KOCTAX
cymmolt X = ¥ + Z, rae ¥ u Z, cooTeercraentio, 4cno owkos Ha mepsofl 1
sTopolt koctax. Tlonbayace ceolicTom (10), wueem

7 + 7
272
TOGKOMEKY CPTHe SIHC/0 0YKOB Ha. KaXIToN KOCTH Han y3xe wasecTHO: (¥) =

(Z) = 7/2. Coumesarolecs 5 MPaBILROCTI “cMLKOM cKoporo” oTBeTa
TYCTE MPOBEPAT €0, COCYNTAB MpEmBAVILY cybvy. Tk

7,

X ={N+(2)

VoMAHYTOR 3aMevaTenshoe CBONCTBO CTATHCTHYECKHX CPETHWX, BBIpa-
xennoe pasencraom (10), Momno cchopuynHposaTs ewe 1 Tax: Cmamucmis-
weckoe yepednenve u aunetinae onepayuu Kosmymupyion. 11poranocTpr-
pyeu 370 cooficTso, Auddepenunpys obe wazTH pasencrsa (9) o z:

dF(z) 4
T2 = rie) = 0 - 1)
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[image: image74.png]Onepanis Andpepenumporaninn 370 AHHEHHAA OMEPALNS, I & MOKHO BHe-
T mom amax cpewero. BemowHis, 4To NposomHan enwHwHON KNI
paswa entTa yNKUMH, MPHXOXNM K COOTHOWENHIO

fla)= (X - ) )
COTNACHO KOTOPOMY MAOTNOCTYD SEPOIMNOCTIEL PUSNE CTRAMUCTIUNECKOMY
cpednenty om deavma dywyuu 5(X ).

Remark:  Hanomnuw, yraossie cxoSxi osmawaror ycpeanenne mo cra-
Trermuscromy ancambar. [ToapasymesasTca, 4TO COOTBETCTRyMOWIE CTATH-
crimeckue cpeanne MoryT 6us maiienss Kax npexen (6) apngmerieckix
cpeanmx. ro neficrautensno Tax ans Somsmmncrsa cpeanmx. Hanpuwep,
apudmeriecroe cpenee pynxunn iz — X) no N peannsamasm X ects
oTRocHTensHas wacToTa peammaum coburua X < . Hocnensas, o caofi-
cTBy crarucriseckoff ycroffuusocrn, cxomntca K sepostrocrs P(X < z).
Tpumenureasno x pasencray (1) noTobnas sunupiveckas TpaxTonsa T2t
oceury. [eficraurensno, 6(z — X) paswa yaro npn scex X xpowe X =z,
rae sensta-hynxuus passa Gecxonenocrn. IosTomy Hu o Kaxom mpede-
e apHMETHYSCKIX CPeaMNX TeabTa-hyAKINH FOBOPHTS HE NpUXOTHTCA.
Tem ne menee cooromenne (11), He 1aBas perenta BEYHCTEHNA MIOTHOCTH
BEPOATHOCTE! METOTOM CTATHCTHYECKHX HCIEITAHHH, OKASEIBACTCA BANHEIM
nHCTpyMenToM Teopin, 5 uem Mu B aansnelimen ne pas ySemumcs. B

2.2.3 Cpemmne GyRKupH CAyIaHHLIX BeHIHR

Yacto sawa He ucxomwan cnywalinas semwiwa X, agpyran: ¥ = g(X),
rie y = g(z) wasecTnan dywwuna. Ecnw, & mpuvepy, Mo yenosuo Hrpsi, Bk
WA PacTeT Kax KBAZPAT BRIMABLINX WA KoCTH 0KoB ¥ = X7, To HrpoKy
AIOGOMBITHO 3HATY He CpemHes THCO 0¥KoR, a cpeaminh semrpsiw (V). Ana-
NIOFHYKO, MONBOTA K HENHHeNHOMY [ETEKTOPY ¢ BOJBT-aMMepHON XapakTe-
prcrniol u = g{i) cnywalinsili Tok /, Ha BeIXoze MueroT cayvalinoe Hampa-
xenme U/ = g{f). Cnpawmsaerca, moxwo nw HaliT cpemHee Hampaxenwe
o ywrunn pacnpenenenms Toxa? OTeeT Ha NofoGHEIe BoMpoce: B KoTopIH
Pas nofcKasbiBaeT obpallienHe K MHCKPETHBIM Cny YalHEIM BENHHHHAM.

Tyers X mwcxperwas senwsnna, caolicrsa kotopolt samanss Tasmwuel 1.
Torna ¥ = g(X) Taxaxe anckpernan sennvmna co anasennmn

w =g(@) yr= (@) va =gz

PEANKZY IOWHMHCA C BEPOATHOCTAMH Py, Pr... 3HAseHHH aprymenTa BynK-
e ¥ = g(X). Cnenosatentwo, cormazwo (4), cpemwee ¥ paswo

{r} ; wpr ; i) pe-
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[image: image75.png]Sawenns, Kax mpw nepexone o1 (3) K (5), cyMMy HHTSTpanoM, Moy 06
o dropuyny cperers oT by HKUHH cnydaliHol BenHIHHE!

1) =) = [ ¢(o) fi)da. )

Tiphmep:  Hallew cpemnirt BEINTPEI W YIOMAHYTOTO BEILe HIPOKA.B KOSTH:
1

i

CocHmTas WMy B 106, HAW BCTOWHWB H3BECTHY K0 OpMYRY

+1)2n+1)
]

X7 =

a3)

nonyaum oTReT

* (14)

TNpumep: Buiwncnny cpenves pammonoxaunontoro cirwana (1.16). Co-
rnacwo (12), (1.18) nweess

2% 2%

A

(X)) = g/sin(w:w)@ i/sinyﬁ »

Remark: Ipu ynpolenss HHTErpana 31ec HCTOMB30BAN NPHEN, KOTO-
phitt He pas npuroanTca b ransueftmen: llycrs g(x) nepwonmyeckas gymx-
I ¢ meprozow L, Torma mATerpan o mepony or g(z + a) we sasHcHT oT
nposBaTEHOre CIBMTA A

B B
/g(z+a)¢iz:/y(z)¢iz. . (15)

Tlpusep: [lnn Mepemasi pamHOCHTHANA HCNONB3YIOT KaNESaHHA BEICOKOH
wacroTsl. YToGe ero yenswars, curwan getextupytor. C 3Toll tenbko np-
MEHIOT JeTEKTOpHI, HenWHeNHO Mpeobpasyioie BXONHON CHIHAN W BEIe-
nAIOUE 1o NoCToAKKYI cocTaBnAoWYI. Hanpuviep auetird Jemexmop,
omcIBaeMEIl Kycouno-nuHel ol (ynKumel

2, 220;
0, z<0;

§lz) = <8 16)
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[image: image76.png]Tpaduk MuHeliNOro IeTeKTOpa W CHINANOB Ha ero BXole W BEINOZE W30GPa-
xenes na Fig. 4. Cnipaumeaetca, vewy pasHo CTaTHCTWueckoe cpemties Mpo-
nmywenHoro wepes numelinsili KeTekTop rapwonwseckoro curwana (1.16)7

A0 ) ¥

Fig. 2.5
B cepeaue rpadHK XapakTEDHCTHKH HHEAHOTO JETEKTOpA, & Cliess
W CNpaBa cXeMaTHHECKHe PpaHKH BXOIHOMO W BHXOTHONO CHIHANOB.

Haligem cpeawee, nonbsyacs mpreron (15). 3nece on mossonser same-
wuTs npouece (1.16) cnywalivoll senwannot X = Asin ®. JInnelineili netex-

Top mpeoSpazyer ee 8 ¥ = Af(sin #)sin &. Tawww obpazom

4

(¥) = AlB(sini)sinig) %/siww *

2.2.4 MoMeHTH B AHCHEPCHS

DyHKUI pacnpenenenit s, Hecyllie BCK WHGOPMANIC 0 CAYYalHEX Be-
DWYHHAX, JOBONEHO TPYIHO HaMepHTh. TIO3TOMY 3a42CTYH> OTPAHNYNBAIOT-
< WaMepeRten Gonee MPOCTEIN CPENHNY , MPEINOTHTAN ONEPHPOBATS Mapoi-
Tpolikoli wHcen, a e by HKUHAMK pacnpenenenia. [pexae Bcero HamMepaoT
MaTeMaTHYECKOE OXHOANHE CAYHaNHON BENHYHHEL, IONGIHAA €ro HECKOMb-
KHMH MoMenmarts. MOMEHTOM n-ro MOpANKA. HASHIBAIT CpeliHes

/1“/(1)411 an

fin

crenennott pywkunn X* (n € N). Tlo 37olt TepvmHOnorun MaTemarhseckos
OXHEAHWE €CTH MOMEHT Mepsoro mopAmKa. K powe Hero oGsIawo HamepioT
cpednutt neadpam cnysaliolt senwaHHe

=0 = [ rie)ds. (19)

k&



[image: image77.png]Ho moxanytt HanGanee ihOPMATHBHEIM CPETHHM, MOMIMO MATEMATH e~
cKoro oxHmaNt A, ABARETCA ucnepcus cnyalno senwamne X. Tak Hassi-
BafoT cpennnit KBaapar ee cnywalinoli coctasnarowel (8):

(X = (). 19)

Ecnn watemaTueckoe 0XMIaNHe ecTh MocToswwan cocranarouas X, o
AMCMEpCHA ChY KT KoauNecTReennoll Mepoll cayvatinocinu - pasbpoca sna-
wermli X Bokpyr ee cpeawero, B wacTHocTH na seTepuunHposanwoli semn-
AHHEL, COBMATAIOWEN CO CBOHM CPEIHHM, AHCEPCH PaBHA HYNIO.

Bripasim OHCTepcHio Mpon3sonbHoll ciyvalinoll senwsnnel X depes ee
Nepebie 82 MoMenTa. JlnA 3Tro pacipoen KBATPATHEIE CKOGKH MO IAKOM
cpeanero & (19) u ncronsayew ceoficrea (10), (10a) crarnerueckm cpeanmx:

D[X] = (X%

DX] = {(X? = 2X)X + (X))} = (X?) = 2(XNX) + (X).

YACTWAHO COKPATHB MOCHCHHE A6 CTATIEMEIX, MONY SHM OKONYATENLHO
DIX]= (X) = (XY =2 =44 20)

Takuw obpasom, Jucnepcun cayvativotl seauuny pasna ee cpednesy vea-
Opamy e weadpam cpediezo.

TockonbKy AHCTepcH paBHa cpeHemy KBaapara X ?, HeOTPHURTENLHOMS
B MIROGLIX HCTLITAHIAX, IWCTEPCHA TAKIKE HEOTPHUATENbHA

D[X]>0 @)

W paswa wynio TonsKo nx mocTonwHsIx Benirin. Kpowe Toro ws (21) w (20)
BEITEKAET ellie OHO MONEIHOE HEPABEHCTEO

[ERP2E N (@)

Hanowmmy: awcnepens ecTs wepa pazGpoca. caywalinoll senwsime: so-
Ky e2 cpemHero, OHAKD 372 Mepa He BCerTa YIOGHA B HHKEHEPHEX MpH-
NOTEHIAX, [lle WMEIT Meno C POIMEPNMAI BEMWINHAMW TOKOM, HAMP-
xenmen, famnenwew w 7.1, Mepy cnyvaliHOCTH pazMepHBIX BenwsHH Ay
e XapaKTepH3yIOT BenHuHHBl Toll e pasmeprocTH. [lo3ToMy HHIXeHeps!
NPEANOTHTAIOT He mWCepcHto, 2 cpednensadpamuos omwaonenue (rms)
cnywalinoll BeNHYHHE! OT ee cpeaHero:

o =yD[X] <« D[X]

@)
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[image: image78.png]Ecam wac wnTepecyroT ceoficrsa e cayualinoli kowmonenTs X (8),
PasyMHo, BMECTO MOMETOB iy (17), BEINWCAATE UeNMPLADNAE MoMENTM
cnywatinolt senwamnnel X. TIo onpenenenuo onm passl

= XY= (X -0 = [E-m)r ) heN. @1

B wacTHocTH 1-i UHTPANLHEI MOMEHT BCErTa PABeH HyMIo, a BTOpOH coBa-
maeT ¢ mucnepewelt cnywakinol senwauner (D[X] = ).

Pas6epen HecKOMIBKO TPHMEPOB, MOSBONAOUIK NySilie OCBONTE BECTEH-
HEle BEIlle KIKOHEBSIE MOHATHA TeOPHH CAYHANHEIX BENHINH.

Tipumep: Bsswcinu QWCrepciio W s Ko, BHINATAMUU Ha WFpans-
Holt kocTi. TIpHBNEKAR yixe HMEIOIWMECH B HAIlleM DACTOPAXEHWH MepBbie
82 viovrenta. (4) 1 (14), Gyem nvers.

98 -
D[X]—?—<§) = 20067, o108 %

Kyna saxselt s TeopHH B2pOATHOCTEM i e NpHAGKeHWHt Ipyrol, Ganee
MpoCTON MpHMeEp, paccMOTpeRHBIN HitKe.

Tipuwmep: Tlyers coSbiTie A peannayeTcs b WCMBITANH C BepOATHOCTER

P. Bamamuu cnywalinyro enwsmnny (Tax wazeimaesealt unduramop cobumiiz)

X(A), paswyto equnmte, ecnn A NPOHCKOMNT, W HYNIO B MpOTHBHOM cny<ae.

HaliTw moTHoCTe BepoATHOCTefl, QNCMEPCHIG W IS WHANKATOP2 COBBITHA.
Ouesnano, nnoTHoCTs BepoATHOCTEN TaKk0BA

flz)=¢8(z)+psz-1)  lg=1-p). )

D10 Tax Hassisaemoe pacnpedeaenue Bepryan. Ero nepssie 18a Moventa
ommaross:

{(X}y=0xg+1xp=p, (XD =0xg+ 1 xp=p,

a mwemepcua W rms pasws:

DIX]=p-p'=p(l=p)=pg, ox=yp(1-p). (26)

%



[image: image79.png]Tpadpik rms HwaHIKaTOpa, COBMITINA, BEIPAKAIO-
i 3aBHCHMOCTD cnywaliHoCTH COBBITHA A oT
sepoTHocTH p, nan wa. Fig. 4. Ma nero suawo,
To MaxcHyw rms npwxomHTea ma p = 1/2. |
Tipw p = 1 w p = 0, korma cobmiTwe A cramo- |
BWTCA Bee Gones TocToBepHEIM WM Bee Gones
WeBoawoHEIM, rms cTpemuTER K Hynto.

Fig. 2.6

Tpaguk  rms  HaukaTopa

Tipumep: Hafimew nnowocts seporTHoctell, . oo

CpeHes, USHTPANLHEIE MOMENTS! W rmns cy-
walinoli Benwnnsl X, paBHOMepHO pacmpee-
nexmolt & wwepsane (a,6).

PasHouepHOCTs pactpenienenin oswawast, wto f(z) mocToAwwa sHyTpH
WTepsana paspewenneix swaventh (a,b) 1w OGpaU@eTCA B HYMD BHE ro.
Aunnutyny f(z) waxonaT ws yenosin wopuwpoBKW. B Hore pasoweproe
pactpemenerwe mpuMe six

1) = 0 - ) =z =B @)

Jflna nysuero NOWWMAHKA QaNbHeHUeEro, ABKO BECIEM KOOPIWNATY UEHTPL
HHTEpBANA BOSMOXHEIX SHAUEHKH i €ro MONy WHPHHY

atb b-a
etb o, b-e
2 2

Cpennee MNOTHOCTH BepoATHOCTeN (27) COBNATAET ¢ UEHTPOM WHTepBaNa.
BOIMOKHEIX HaseH Wl

S (272)

2 UEHTPANLHEIE MOMeHTE!

[ 1 f L. a=2m;
LI PR B Y ol ;
i b—a/(z o) dz %/”dy { 0, n=2ntl;

He 3ABNCAT OT MOM0KeNNA UEHTPa HHTEpEAN BoavoHBIx aHasent. Kpove
Toro, #3-3a CHMMETPHI PABHOMEPHOTD PaZNpellencHia BOKPYT ero UEHTPa,
Bee HeweTHble UENTPANLHbIE MoMeNTS oSpauaroTea B Hy;b. B wacTHoCTH,
WCTEpCIA I TS PABHOMEpHOTO PacTIpeeneN s pasHb!
n ’
DX=F, o=

~ 05772,
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[image: image80.png]Tpaduk paswoweproro pacnpenenewws npusenen wa Fig. 7 cnesa. Tam
e cmpasa wsoSpaeno 500 peanwsauwi pasrowepwo pacnpenenenoli 5
wnrepsane (0, 1) caysalinoll senwuns: X, cremepuposanisie mporpasolt
MATLAB:

35 z=rand(1,500);

>> plot(z)

*

S

Fig. 2.7 E I
TpadHK NIOTHOCTH BEPORTHOCTEN PABHOMEPHO PACTpEIENeHHOR cay-

“aRHON BenuMHI (Cena) W 500 peaTusaumh cnyMaRHOR BeTHIMHLL,
DABHOMEpHO pacnpenenehiol B eauHmaHoM HTepeane (0, 1) (cnpa-
Ba). Tam e NYHKTHDOM YKasaHw ee cpetee sHasenme (X) = 0.5

rpannun rms wirepsana (X} — oy, (X) + 0x).

2.2.5 XapakTepHcTHuecKkan by HKIHA

Tlommwo bynKuHH pacnpenenenus, 1A ananusa csollcTs 1y HalibIX Be-
AWK NpHBIEKAIOT XapaxmepuCTECkyio GynKyuio. Ml npuIem Kk Heft,

nonoxus s (12) glx) = e,

| THe | MHHMAA enHRmT:

[ 1@ )

o(u

"

BriocnencTswn oSRapy xatea uHoTHe sawesatentuue ceoltcrsa O(u), nena-
IollIHe €6 UEHHEIM HHCTPYMEHTOM HCCIENOBANN A CAYYANHBIX BenndnH. 3mech
e samernw, w10 O(u) coxpanser nonwyio wrdopwanmio o6 f(z). B ca-
Mow mene, npasas wacTs pasenctea (28) ects unmezpas Pypoe o1 MAOTHO-
TH BeporTHOCTEN. CrienoRATENSHO, SAR XapAKTEpHCTHYECKYIO bYRKINIO
cnywalinoi BemunHEl X, MOXHO BOCCTANOBHTS e MIOTHOCTS BepoATHOCTEN
oGpaTHeM mpeobpazosanmen Bypre

flz)= /O(H)e"“'tiz. (29)

1
or
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[image: image81.png]Onro w3 nonesueix ceoticTs O{u) cOCTONT B ToM, YTO MOMEHTE! caywali-
HON BENWYHHE! MOJKHO BEIMWCHTL He WHTETPHPOBAHWEM, Kak B (hopmynax
(17), (24), a Jufdepenyuposanuern xapaxTepucTHieckoh bynKuHH. HTo
BaxHo, Tak Kak wchhepeNUHPOBIHHE NMPOLe OMEPAIINH WHTErpHPOBAHH.
Judppepentnpys obe wactn pasecrsa (28) n pas mo u, Gymem uveTs

o) _ . T n g
== 1;4/(1)1 e dr,

Tonoswe satem u = 0, Mocne TPHENAMEHEI BEIKIATOK MONY M

= [ = LS

30)

EN hso

Huasie ro8op, MoMeNTE cnywalinoll Benwsmel X onpefensior pasnoxenie
ee xapaxTepucTideckol ywkunn 8 pax Tettnopa
e Gy

0@ =3 e

=

@1

E

JIndppepenUNpOBAHHEN YIS TCA BEINHCATS W LeHTpanbHEle MovenTs: X
TloKkasxew 370, 3AMETHB, 470 XapaKTepHCTHHeckas pyHKIIA cnydalinol Kou-
nowents X (8) paswa

B(u) = (4T} = (enF-aiy,
TlocKkonsKY MOCTOARHEIN MROXHTEND BEIROCHTCA 33 3HAK CPEMHErc, To
B(u) = Ou) ¥, 32)
Orcroma, mo ananoru c (31), Hueem
1 ad@)| 1 %)
S m |, = wae P @)

LA HECKONKO MPHWEpOS BEISHCIISHH R 1 WCTONESOBAHICA XapAKTEpH-
cTnwecknx pynKunh.

Tipuwmep: Tlepsolt Haliiem xapaxTepucTiieckymo hyHKUNIO pacnperene-
wia Eeprynnu (25). Ma (25), (28) noreem

o(u

gtpet. % @)

8



[image: image82.png]Tlpunep:  Bropolt suMHCINM XapaxTepuCTHeckyio (YHKUNIO FeOMeTpH-
weckoro pacnpenenenua (1.4). lnx 3Toro BHavane 3aMHUEM ero MIGTHOCTS
BeponTHOCTeH

@) =E > grote=m). (3)

TogcTasws (35) B (20) i cYMMHPYA reoMeTpHYECKY 10 MPOTpECcHto, HaliTem
e

oy oy (36)

Jlndpcpepentnpys ee 5 1067, MOKHO BEINHCIINTS MOMEHTSI FeOMETpHECKOTD
pacnpenenenia. M1 e BOCTONb3YeMCH MOILSKD COBpEMERKEIX NPorpat. B
HanHoM caysae npuGersem K yenyram nporpavvss MATHEMATICA. [as
3700 BCMOMHIM, 4T0 MATEMATHIECKDE 0IXWIAHNE NEOMETPHIECKOND pacnpe-
Henexu wamw yxe seiwcneno: {X) = 1/p. Jouronus (36) wa exp(—iu/p),
nepefiew K xapakTepcTHdeckoll bymKumH cryalinol KowmorenTs X ()
reoMeTpuyeckH pacnpenenenHoll sennsmnnel. O6osHaunn ee Theta [u]. To-
ne wero BEINOAIY KoMaNE!

Series [Theta[u], {u,0,3}]
FullSimplify (%)
B wrore mony s

g () (1 +q)g ()

72 7 6

B wactocT, kosdpcprruwent mpir (it)2/2 paser HCrepCHH MeoMeTpRYECKOND
pacnpenenesia, a ero rms

el T
= T g

Tipumep: Crenyrouwelt wafllew XapaKTepHETHECKY 0 by HKIMIO pasHOMEep-
Wo pacnipemenentofl semrmrs (27). B oSoawavenmax (272) Gynew nyers,

L
1 [y
2% / €
Tiepsesh comommmens snece pasen €45, a swasuur wropolt ecro xaparre-
pHCTHYECKaR BYHKUHA cAyHaliHoll KOMTOHEHTE! X+
s sinu

B(w) = 2L 39

) = 02 )

Ona melcTBHTENbHA H3-32 CHMMETPHH PABHOMEPHOTO PACTpelenenHA OTHO-
cwTensHo ero cpenwero smasenin. K

Theta[u] = 1+

* (37)

ES

ul

Ofw) ut

38)

9



[image: image83.png]Tipuwmep: Haliiew xapaxrepncrieckyto yHKumto caywaliNoro rapmomm-
weckoro paawonoxauwonHoro curwana X = Asin &, Owa paswa.

o) = ().
BHIAHCNNS CpellHee ¢ MOMOIBIO MNOTHOCTH BepoaTHOCTER (1.18), mony iy

- LA”' S = Jo( ). (40)

Ou; o

3pece Jof2) bywkunn Beccens Hynesoro nopamka. Xopowo WasectHo ee
pasnoxenwe & pag Tefinopa:

Jolz) =1 - (%)1 +o (;)‘ - ﬁ (%)ﬁaf @

Orcioma u w3 dopmynsr (31) nerko Haliti nroGoll MomMenT cnyvalinoll Benn-
it X = sin®. B 9acTHOCTH QHCMEPCHA W 1S Cy waliHOrO PATHONOKAIH-
OHHOTO CHPHANA. TaKOBS!

D(X] A

OBpaTist BHUMANIE, ¥TO ME! BEINHCAWAN WX, X He IWAN MAOTHOCTH
BeponTHocTelh X (e we1 oTsimen W mompoGHo obeym B Gyayuen).

Yiamew oSure ceoficTea xapaxteprcrnveckoli dywkumnw. ITpexe sce-
To, 2 YCZIOBA HOPMUPOBKH MIIOTHOCTH BepoATHoCTell f(z) H W3 onperene-
wia xapaxTepucTuteckol ywkunn (29) cneayer, wTo

O(u =0) (42)
Kpowe Toro #3 HHTErpanbHoro HepaseHCTSa
o)l = { [ r@evasls [ f@ya=
cneayer, 4ro
o)l <1. )

Yenosn (42), (43) weobxomme: w0 wemocTaTouHE M Toro, wToGE O(u)
Geuna. xapakTepeTHUECKOH byKUWeN HeKOTOpOM crywaltnol BenwsmE! X .
Ans 310r0 O(u) ponxwa GEITE ewe noroKHcumMersNO onpedeaennots, To ecTh
410681 e obparHoe npeobpasosanme Dypue (30) Gu110 KeoTpHUATENDHO.

Tlopolt TeopeTHKH WoNEnPYIOT XapaKTepHCTHSecKyIo byWKINEO cnywal-
wolt senwswmE X WexoTopol ywiuwent O{u). Boisoms: Teopui wyesoT sepo-
ATHOCTHEIN ceicn nwws ecnw O(u) 06NANAST NepesHCIERHEIMM CBONCTBAMH.
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[image: image84.png]TpyIHee Bcero MPoBEPHTL HANWYHE MONOXHTENbHON onpeenennocTH. On-
ko ecom oWa HapyleNa, 3T KAK MPABHIO Nerko MOKA3ATE W WCKMIOTHTS
weromnyro bywkumo O(u) ws paccvoTpenia. JecTBeRHEIM KpHTEpHEM 0T
ceBa NOXHBIX XapaKTepHCTHSeCKN hYWKUWH CAYXWT MpoBepKa IHaKa ee
sTopolt npowasomwol B Hyne. Jna xapaxTepucTiveciux ywwunh coywati-
eI BenmHH TOnKHO GeTD

_ Lo

= @)

Tax Kax cormacko (31) 7 paBHa CpemHEMY KBATPATY, MONOKHTENLHOMY INA
cnywaliHBIX BenHHH.

Sy

Gaussian

Fig. 2.8

Tpadmkn Koun u Tayccopa noTHocten beportiocteh. Buawo, 4o
npH Bonbuinx £ pacnpenenehme Kotk CTpeMHICH K HyMo Meanentee,
“ew pacnpenenenme Taycca. DTHM M OBLACHACTCR OTCYTCTEHE Cpel-
HEro KBAapaTa ¥ cyHAHHHX BENHAMH ¢ pacnpenenehmem Kou.

Tpumep: Baxuyio posib 8 TeopHH HTPAIOT XapaKTepHCTHYeCKHE byHKUHH
Ofu) = &~ (a20). (45)

Onnako He Bee cremenn a > 0 paspewent:. Kputeput (44) orcexaer sa-
npeuenttie amatenna a. Mol ykamew wx, Ho ClepBa oBCymNM Heckombko
wacTweix cnyvaes.

Bosbment a = 1. Torma npowssonwas dymkumi (45) npw u = 0 we cy-
wecTeyer (paswa GecroWewHocTH), ¥To He MpoTWBOpewHT KpHTEpHIO (45).
[leficranTentro, sbrawcnis oGpatHoe npeobpazosanne Gypre (30), meen

1
(AT

O(u) = e e fiz)

(46)
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[image: image85.png]910 amavenwtoe pacnpedeacnue Koun. Ero rpaguk npusenen wa Fig. 8.
Bwavenwe 7 = o0 amecs cAzaND ¢ MemnenHM (Kak f(z) ~ <7 MpH T —+
£00) crazanmwen xeoctos pacnpenenerma Kown. Caso xe ono scromy Gons-
Wie HYILA, FAPANTHPYA TeM CAMBIM MOMOXWTENbHYK ompenenenHocts ().

An
s
a3
0.1
0
0.3
0.2
0
Dy = ] zs 75 "

Tpaduk f{z), oreesaouen dynkumn () (45) npn o = 3. Buaso,
41O f{2) SHAKOEDEMEHHAR H HE MOXET GHTh MOTHOCTHIC BEPOATHO-
cren.

Crenyiouyy ofcymi caywalt @ = 2. [l wero 7 = 2 > 0, a swaswur
pywuna (45) npowna Tect (44) Ha 3BaHwe xapaKTepHCTHYECKON by HKIHH.
B camom giene, oSparhoe npeobpasosaie Pypue (30) maer

o(u

=  f@)= 2‘7&)([) (-11) . @

D10 e Gonee snamenntoe pacnpedenenue laycca ¢ rms o, = /2. Tpadmk
ero Takxe npusefien a Fig.S. B tansHeliuiem Wbl 43To Gy lieM Crankwsathes
37Uy 3amevaTenLHEIM pacnpereneHen.

BriNiues wanocnenok ABHoe BEIpaxenwe BTopoll mpowssowolt ywki
(45). Tpw > 2 owa. cyuiecTsyer mpw AKcGEIX u W paska

7

0Mu) = &

BSR

anpna>2wu=0oSpauaerca b Hyab. 10 aHadHT, 4T0 MpW & > 2 ByHK-
uns (45) e MoxeT GuITh xapakTepHcTHuecKoll. Ckasanmoe momTsepxmaer,
TOCTPOSHHEIN YHCHENMLIM W TErpupoBasHen, rpachiK OGPATHORD MpeoGpa-
30Bania Qypoe o1 dynkunn e, wsoGpaxennoh wa Fig. 9. C mpyrof
cropons, ana scex 0 < a < 2 O(u) (45) nanoxwTensHo onpegenera. %k
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[image: image86.png]2.3 MHcnuiranua Bepuynan

HenlIHOKpaTHO BCTpeaBllicecs MONATHE HERABHCHMEIX WCMEITANWH oGpe-
TaeT rayGoknlt (prnocodekni cMBICA, TecHo cBASANNEIN ¢ Weel HaywHOO
SKCMepHMenTa, NP obCyKeHWH ucramanytl Bepuyany. Tak HaswiBasor ce-
PHIO HE3ABHCHMBIX HCTBITANHH, B KOTOPBIX C OIWHAKOBOH BEPOATHOCTBIO MO~
XeT Peanua0BATLCA WIN HeT Hekoe cnywalinoe cobbimne. Hitke Wbl nompotHo.
ey wembiTania BepHy/nm W X BepOATHOCTHBIE CBONCTBA.

2.3.1 He3aBHCHMbIE HCHBITAHHA

Hanowmiy FIaBHY 10 #1810, NEXAULYI0 B 0CHOBE HAYTHEIX SKCTEpHUENTOB.
OWa rM2CHT, 470 ecn TWATENEHO BOCTPONIBECTH YCIOBH A OBITA, HATPHMED
32H0BO COGPATH 3NEKTPHYSCKYI UeMb W MOSKNOYHTL K Hell SamanHb we-
TOUNMI THTAMHA, To WCXOX GYAET TOT e, WTO W B MpEXSUIYUUIX ONBITAX:
Mo Uenw moTeweT Tok Mpenckasamwol cunel. B wemmiTamwax cnywaHEIX co-
GuiTl, Hanpuvep coShiTua A, Kax 681 TWATENLHO WW BocTpOWIBOTWAMCH
YCNOBUA WCMEITHHH, NOMHAA MOBTOPACMOCTY OTCYTCTBYET: coSbiTHe A wnn
nponzofiner wow wer. Tew He venee, BEINONNAA CspHIO HCMBITANHH, HCMBITa-
Tens monxen coaTo GarocTH udeNmINNOCTYY Yeaosuil WX MpoBenenuA. FTo
HAKNAIBIBAET MPHHUHTHANEHOE OTPAHHYERHe HA BEpOATHOCTHEIE CBONCTBA
cnyvalinex coBbITHH B pasweIX HembiTanmsax: Tpedsiyue HCTBITANHA He
HONXHE! BNWATG HA BOSMOXHBIE HCXOS! Mochenyiowwy. HueiMn crosas,
cnywalinsie COGHTHA B PASHEIX WCMBITAHWAX, JONXHE! GHITE camuCMUNe-
P——

Tipumep: Knaccwuecknli mprbiep Heaasmen b nemsITanin Kaet Gpocanie
moneTss: Xopouwo cornacyeTca ¢ omsITom ToT (akT, 4To ecnn KaxaMi paz
BHICOKO MOOGPACHIBATE MOHETY W CHAGHO £ PACKPYYHBATE, TO BEPOATHOCTD
BITATERWA repba NP 7-0M GPOCANHW He ABUCHT OT TOFO, CKONBKO Pas BEI-
nan open B npensnyux 2 — 1 Gpocanwax: Jaxe ecaw cySwIOCH TaK, 410 B
TepBAIX IECATH WCMBITANHAX BRITAN PEWIK, BepOATHOCTS BEIALENI A Opna
5 11- nemsiTanum T2 e, 970 u 6 nepro. A wwenno p = 1/2. k.

Remark:  JTannsiif npivep oy xopou TecTow Ha MoMMaRHe cy-
T caywalinnx Asaennsi. MHorne ero He BEIEPHBANOT, HCKPEHHE Nanarad,
4T0 eCTH Open He BHINAT JeCATS Pas, To BEROATHOCT eMy BRITACTS B OTHH-
maguarsif Gonsue oanolf sTopolf. Boobie Haua ncnxnKa ycrpoena Tax, 4T
MOICORHATENE HO HIIET NPHYHANO-CIEICTBEHANE COAZH BCIOTY, JAKE TAM rie
sx Her. [ToToMy 4enoBeK He B CHIAX HATHCATS AOCTATOSHO ATHHHYKO f10-
CHETOBATENBHOCTS HyMelf 1 STHHHL, KOTOPYKO OBBEKTHBHAE CTATHCTHHECKHE
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[image: image87.png]TecTs mpusmams 6w copepuiento caywafisosl. [osopat, cymecrayer Kow-
MBfOTEpHAS HIpA, COCTOAIIAR B TOM, HTO HENOBEX BBOIHT MIKOCH 1 MHHYCH,
a KoMIBfoTep MpOrROSHpYeT 3HAK Creaymero xoma. M sem Gomsue xom0s
Clenano, TeM Al KOMNBIOTEp yrAINBACT, OTHPAACH HA CKPMTYH 3aKOHO-
MepHOCTS, MpHCYIIyIO yike BBetenHolt mocaeoparenshocrs. B

2.3.2 BHHOMHAMLHOe pacupedesienne

HTBepKIEHHE 0 HESABHCHMOCTH HCXOMIOB MOCIETOBATENLHEX HCMENTANHH
HenusA NIOTHYECKN OGOCHOBATD WIW WAZEXHO MONTBEPINTO WCMEXTAHAMH.
TTo3ToMy He3aBHCHMOCTS WCXOOB BXOIWT B TepHIO KAK MOCTYIIaT, oNpee-
AROWHN CTPYKTYpY BEPOATHOCTHEIX CBONCTB cepun WembiTanwh., Omwues
e, 1 Hero nomeTH coSuiTHA WHekcamw. Hanpuviep Ay, By, rre wwmexc
yKazsiaer nowep wensimanua. Tax B, ects cobeitne B 8 k-w wemsimasmn.
Cootsercraenno, P(B;) sepoathocts, 410 B nposoifier B k-M WCMBITAHNH.

CocpenoTosumcs Ha oHom cobsiTii A w npotHeononoxrom emy A. Iycrs
A MOXET PeAnU30BATLCA B KAKIOM HCMLITANHH C OIWHAKOBON BEPOATHOCTLR
p. Torna BepoATHOCTE MPOTHBONONOXKHONG CoGtITHA A paska | — p:

P(4)=p, P(@)=g=1-p, ptg=1. m
CoBuiTA A U A HECOBMECTHEN B OIHOM HCMEITAHNH, & B PASHBIX HE3ABHCHMEL.
TlosToMy cmpasemnuBs! paseHcTEa
P{4A)=p, P(AA)=q, P(A4A)=0,
P(ad)=p, P(AA) =g", P4 =py @)
G#H).

Toka coBepluento HesaxHo, “To coboli npencrasner coberrne A. Tlo-
Tomy Hasosew ero § (success), a mpoTwsononozxsoe F (failure). Temeps w1
FOTOBL! AT OKOHYATENbHOE OMpeNeneHHe HombITankt Beprynnu:

Cepiwo n wesasucur ucrwmartstl, userousiir Jsa ucroda: yenes § wau
weydaa F, ¢ seposmuocmRai p i §, NeusMenwwats dax acex ucmamand,
Haausaiom ucnwmanuamy Bepryaai.

Tak Kak WCMBITAHWA HE3ABHCHMEI, BEPOATHOCTE AKOGOH KOHKpETHON Mo-
CATOBATENLHOCTN YCNEXOB if HEYTal, HANPHMEp

5155 F . FaaFan 5y 3)

pasHa NpousBemeHHIO WX BepOATHOCTEN P W ¢

P($15:2F250Fs ... FaaFans5a) = ppapg...qqp=p'¢"*,  (4)

rie k KonwwecTso yemexos 8 7 HeMBITanHAX, a 7 — & wHCAO Heymau.
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[image: image88.png]Q0 0..00

Fig. 2.10
Iaps, nonyHeHHpe Kak HATAA 32 YEeXH b HCMTAHHAX, PaceTa-
BrieHHie B NOpAZKe (5) NPOBETCHHA HCNKTAHHA.

OsrHo cymecTaento obies wweno yenexos &, a He To Kax vepemyroTCH
yenexw w weymauw 8 n nermasnax. K npusiepy ronopat, wro Guaecwen
Yenewno sen meno, ecni ey coyTcTEORANO Goflbie YCMEXOB Yew Heymaw
{k > n/2). Tloatomy watizem seposTHocTn P,(k), o 8 n wenbiranmsy Grno
& yenexos. Haswew ¢ moncwera scex kowSwwamnh ynexos u weymas (3),
comepxauwx & yenexos. [na 3Toro ssimmuen w3 (3) mocnemosaTensHocTs
HOMEPOB yCTelINBIX HCMBITaRHH

By <2< e <G ]
Eyfem TpakToBaTh HX KaKk HOMepa k LIApOB, BBIHYTBIX H3 YPHBI C 72 MPOHY-

sreposanmsm wapasn (cw. Fig. 10). Hanosmina, scero crocobos nasness
& wapos na n Gea soaspaenna pasHo wwcny pazewenml

nx(n-1)x.

M1 walizem wieno komGunawd yemexos (5), oCTaBHB Wa Beex pasvewenul
DHWE BEIGOPKH € BOIPACTAIOWINMK HOMEPAMH. A 3TOMD HAMO MOJENNTE H-
eno paswewenui Ha wcao k! nepectanosox k wapos. B wiore okassisaeTcs,
470 weno mocnesosaTenthocTelt (3) ¢ k ycrexamw pasHo GHHOMWANBHOMY
woadpepmmenty () (1.211).

B kaxmoli CepHH W3 N HCMBITARHA KONKPETHAA MOCNEOBATENBHOCTS (3)
& yenexos w1 — k Heyma wecosmecima ¢ oGoll apyroll, x0T 651 i comep-
Kawell To e 4HCNO yenexos. CneoBaTentho, o AKCHOME IIWTHBHOCTH,
BepoATHOCT OGbemHeNIA Boex PasHBIX MocnemosaTemtoctelt (3), conep-
Kawwx k ycnexos, paswa cyMMe WX BeposToctedi (4):

raw= (5} o ®

Dopuyna. (6) mx seporTRoCTH k yonexos s n wemsITARwH KOCHT WassaIe
Sunoatianonozo pacnpedenenus. Tpadpwicn Guouwansoro pacnpesenenis
anan = 12 0 paawsix swavenwll BeposTHoCTH yonexa p anen wa. Fig, 11.
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BHHOMHANbHLE PACTPETENEHHA AT PASHHX BEPOATHOCTEH yenexa.
BHIHO, 4TO NPH MEHbUIEM P BEPOATHOCTH YHCNA YCMEXOB FPYNHDY-
1OTCA fIEBee, NPH MEHBLIMX SHANCHHAX K.

Qopuyna (6) maer sepoaTHOCTS cobuTHA Hyy STO B CEDHI W3 7 WCMBL-
‘TaNWH, TPAKTYEMBIX KAK OIHO MAKpO-HCMBITanwe, Gyftet k ycnexos. HaGop
Beex Takux 1 + | cobwmutt {Ho, Hy,... H,} obpasyer nonuyio rpynny weco-
BMeCTHEIX COGHITH,

Yaco weruwmEl yenex (cobsimwe T brue Success) MpHXomwT, nHWb ecai
B CEpH W3 7 HCTHITAWH YCMEXH NMepEBANAT HEKOTOPOS NMOPOTOBOE 3HAte-
Hire . Hanpisep, CTOPTCMENa. BBEIYT B HAUHOHANBHYIO COOHYIO, €CTH B
BOGHMH OTGOPOYHEIX COPEBHOBAHHAX OH MOGEIHA He WeHee Tpex pas. B cuny
BaANMHON HecoBMECTHOCTH Hy, BEPOATHOCTE cOBMITA T MONy9asoT CyMmm-
poBanwe BepoaTHOCTEH Beex GnaronpuaTcTaysoux T cobsiritt Hy:

P(T) = P{Hn U Hna U= U Ha) = ki Palk).

Tlpusep: Hexoropoe ycTpolicTso cocTonT i3 § Gnokos, mpuses ana Hop-
sanswoli paSors: yetpoficrsa (cobsimne W working) meoGxomuo, wTabe: He-
npaswo (ywkuMoRWpoBANo Kax MWAHMyM b Gnoxos. TIycTs BepoATHoCTH
oTKasa 610K0B B KpHTHSECKOH CHTyaUWH omHHaKosH! w paswe ¢ = 0.1. Ka-
KOBA BEPOATHOCTS, 4T0 yCTPONCTBO cpaboTaeT B TaKol cHTyauHH]

B manwom caysae p =09, g= 0.1, n = 6 w m = 5. Cnemosarensho

(5 o vaa e (§ e

6 % 0.5905 x 0.1 + 0.5314 =~ 0.8857 ok

P(W)
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[image: image90.png]BepoaTHocTH (6) yIo6HO TPaKTOBATE ellle KaK BEPOATHOCTH BO3MOXHBIX
awasenuhi cnywalinoll senwswwes K -wncna yenexos 8 n wemermamwax. Ee
nnoTHOCTS BeponTHoCTEN pasHa.

f=3 () # st @

2 CoOTBETCTBYIOUAR XapaKTEpHCTIECKA YHKINA HMEET BIT
SC) NN
o)=3, (k)P g et ®
=
Conocrasis e= ¢ wasectrolt hopuynolt Guroma Huwotona
(a+b) = g (:) e,

npuIen K Gones KoumakTHON hopie 3aMHCH YapaxTepHCTHUecKkol yNKUMI
cnywalioro wHcna K ycrexos B n HCTBITAHHAX

o) = (pe" +q)" . ©)

Haliztem cpenses anasenwe cny<aliwoli senwanne K, ompancs Ha ceoli-
<180 cTaTHCTHUeCKHX cpemmux (2.10). [ax 37oro samuuew K b suge cymms
Gonee MpocTaIX cnyHaNHEIX BN WK

X+ Xt

+ Xas (10)

rie X, Paso eIHHWIE, eCI COBHITHE Ay, HMEND MECTO, i HYMIO B MPOTHE-
wom caywae. Kaxmas ws wwx pacnpegenewa o sakoy Bepynnu (2.26) co
cpennust {X;) = p. Cnenosarenso, no ceofictey cpemnux (2.10)

()= S Kn) = ptpt o tp=ap. m

Kak W crefiopano oxmgaTs, cpeliHee YHCNO YCMEX0B NWHEHHO 3aBHCHT Kak

T BEPOATHOCTH YCMeXa. B OIHOM WCTIEITAHWW, TaK W OT YHCHQ HEMSITANHH.
Remark:  Coseryem wnratenro susecrn coorosenue (11}, nenosays

PopMyny B HCTERIA CPEIHErD € MOMOWIBIO X ApAKTEPHCTIeCKOM hy AR LI

4O(u)

{KY = L]

luze
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[image: image91.png]Tipuwmep: Halinew xapaxtepucriveckyo dynKunto caysalinoll KoMmonen-
781 K 4HEna yonexon B 7 HCMSITAHHAX W BEIHCANM o TOMOWSIO IHCMEPCHIO
W rms wicna yenewwsix wemsranm. Mowmomus (9) wa &= #™

8(u) = (pem g

| nony«um

Pasnoxa §(u) s pan Tefinopa mo cremenant 1o u? BRAOMHTENGHO
5 n
B(u) = 1= J pgu +0().
CnenoBaTeNbHO, AHCTEPCHA IS WHCAA YCNEXOB B 7 HCMBITARHAX PasHsl

g, ok =mpg. Kk (12)

OBpaTHM BHRWARNE, 9T IWCTEPCHA THCIA. YCTEXOB, KAK W WX CpenHee, K-
HeflHo pacTeT ¢ YWCIOM HCMBITAHMH 7.

D[]

2.3.3 3axon peaxmux coburruit

a£To B pHINTECKIX, HHKEHEPHEIX W FKOHOMHHECKIY MPHIOIKENHAX Jil-
N0 WEMEITAHWA N BENWKO, 3 BEPOATHOCTH WCCAENYeMOro COGBITHA P Mama.
Tax uncno wemsITanwil Mo3XeT GHITE pasHo THCny aTouoB raza B cocyle WM
KONWYECTBY eIWHL MPOIyKUMH, BEIMycKaeMo (babpwkoli 3a rom, a WHTepe-
cyrouee cobsITHe - pacnan aTowa waw wanwse Gpaxca. BepoTHocTH yicazan-
Whx cobaITHH KaK MpaBin osent vanbl. B MoToGHEIX cnyvax MomkayroTCa
He GUHOMWANHEIM pACTpe/ienenHen, 2 Gonee MPOCTEIM dakoNOM Pedkuz Co-
Sumuti. O BOIHHKAET KaK Mpelen GHHOMNALHOND PacTpeleneHis npi

neeo, mp=i {0<A<oo) (13)

CobiiTe, BepoATHOCTE KOTOPORD P MOTHHHACTEA MPEMENLHIM COOTHOWIEHT-
2w (13), wazosews peduae cobumuent. Brommuti 8 (13) mapamerp A romn-
WECTBENHO XaPAKTEpIaYET CTeMeNs PeIKOCTH COBHITHA.

Tyers P4(3) sepoatocrs wTo peaxoe cobsiwe mpomofizer & pas. Ilo
AaNHOMY BRIE ONpeTeneN IO ORa pasHa.

PA(3) = lim Pa(k) = lim (Z)W’*. (14)

Hatigien srasane sepoatHocTs Pof3), 410 penxoe cobtiTue i pasy He mpo-
naolimer. Cornacko GHROMHANLHOMY pacnpefeneHHio

—
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[image: image92.png]Cneosarenno, s 2-ro samevaTENEHOMD MpeTena Mifeen

—5)“ =et. (15)

Po(3) = lim Pa(0) = b

Buiseen pexy ppenTHoE cooTHOWeNHe, cBAZBIBAIOULEs BepoaTHoCTH Pi(A)
¥ Prys(A). Bamerun, uto w3 (6) BuTeKaer pasencrso

Pk =22k

P
xExPo().
¢ P&

k41

Tlepexons 6 ero ofenx wactax k npemeny (13), Gymem nvets

n—

Jim Pk +1) :“Lrgn[ B] X lim PL(k).

Ex1 g (oon

|

Bersmcany ocTasumlica mpenen, savenws p wa Afn, a g wa | = Afn:

€ yuerom (14) orcrom nonyaew

Pholh) = ) = i [12E 2

n-kp] A
"I'*r"m[kﬂql_ +k""~r"m[

Orcroma u w3 (15) creyer HekoMoe peKypPEeTHOS COOTHOWEHHE.

Pin(}) =

A
el

Tonosws anece & = 0, ¢ ywetom (15) mmeens

Py(A) = APo(3) = Ae
Tpuwenss pexyppenTHyro hopuyny k pas, nonysus okonvaTentho

Py = 2

16)

I1o Tak Hasmisaemmit aaxow [Tyaccona. Ero TPaKTyioT Kak 3aKoH pacnpe-
Henesu coysativol senwanne K , wesoulell Geckonesoe wHCAO sHaseHHN

K =0,1,2,.... Cootsercrsyroman xapakTephcTiseckas byRKUNA pasra
=1

Ofu) Lot =ep (M=) 7y
=1
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P,(0) 0223 0251 0126 | 0.047 | 0014 | 0.004 | 7510
Proo(k) | 0221 0.253 | 0.126 | 0.047 | 0.014 | 0.003 | 6.7- 10~

Tabmma 2.3: Bepostwoctn K Gpaxosawwsix wypymos s Kon-
Tponswol mapTHi #3 7 = 100 WyYpYOB, COCTHTARNEBIE M0 3AKOHY
Tyaccona u ¢ nowowsro GuHowmanNbHore pacnpeneneis. Bepo-
ATHoCTE omHomy wypymy GerTs Gpaxosasmsm p = 0.015.

Hetpynwo waliTi nepssie cnarasmtie ee pasnoxenw s pax Teltnopa no u:

o) = 1+idu —;—).()d» D 4.

oTkyIa

2, ok

{KY 1s)

Kowesno, Hcio CmsITanii 7 B peanbweix ycaosuax orpaswveno. Ilo-
aTouy wa npaxTike saxon llyaccona neomaytor Tax: Manyo seposTHocTs
P PeIKOT COBHITHA B OIHOM WCTBITANWN YMHOXAIOT WA YHCHO WCMSITaNWH

+ (K =3(+1), DIK]

n. Tonysennoe awasenwe A = pn noncrasnmior & sakow Iyaccona. (16)
N7 MPHGIIKENHOTO acveTa BePOATHOCTH, MTO B CEpWW W2 7 WCMSITaNWH
cobsrTwe npowzowno & pas. Tpu 3Tom ofbiHo oKazsiaetcs, to Py(3) c1a-
HOBHTCA HCHEDILE MANBIM 2200AMD 10 TOrs Kak k MPHGNWXAeTCA K 7.

Tponnrocrpupyes omicannyro cxemy mpvenenis saora. llyacoona mpi-
MepOM, JUIMCTROBANNEIM W3 TEXHHSECKI: MpHIOXKEHTH:

Tipuwmep: PaSpuca sumyckaer wypynsi. BeposTwocTs wTo wypym Gpa-

wosanwsili paswa p = 0.015. TpeSyerca waliTw BepoATHOCTE Toro, ¥T0 &

KoHTponbHON mapTHi w3 7 = 100 WypyNos GyayT GpakoBAKHEIMH k 3 HIX.
Tpusermy 3axon Myazcona, 4718 vero Haliew BHasane mapaueTp

A=pxn=0.015x 100

.5

Crenosarenso, o 3axony llyaccons, WCKOMSIS BEpoATHOCTH pasHs:
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[image: image94.png]B Tabnwue 3 nant: swasenns bepoATHOCTeN THCNa GPAKOBANKEIX WYDYNos,
BhIHCnenKbIe M0 3aKoHy TTyaccona, W 1A CABHEHNA MPHBEMEHS! BEPORTHO-
T, HallzenHbe ¢ MOMOWLIO GHHOMIANDHOrD pactperenenia (6). Ws Tabnw-
e BHIHO, 4TO BEOATHOCTH, BEITHCACHHbIE M0 3aKoRy TTyaccona, Heswasm-
TENbHO OTAWSAOTER OT GHHOMHANBHEIX BepoATHoCTel. Kpomie Toro u Te i
YW BEpOATHOCTH MPAKTHYECKN pasHel Hynio yixe mpi k3 7 & n.

PaccmoTpy THIHAHYIO Mpouenypy B8IGOpOTHON 0TOpAKOBKH HamenwH:
M napran wayram o16paroT 1 Wameni W TWaTeNtHO NposepAroT Wx. Ecan
4HCN0 GPAKOBANKEIX CPEIW MPOBEPEHHBIX WINENWH NPEBLILIALT KPHTHIECKOE
swasenwe m, To GpakyroT soro mapTHio. Oeiano m <& 7. Tlostomy, seivw-
CNAA BEPOATHOCTE OTOPAKOBKN MAPTHH, Monbsytorca (opmynof (1.3.15) mna
BepoATHOCTH MpoTHBOMONOKHOMO cobeiTa. Cornacko eft

P(K >m)=1-P(K<m

1-E R, 9)

70 ecTh TpeSyeTcA CYMMHpOBATS He GecKoHeuHOS YHCNO, 3 Bcero m + | cna-
raewsix. Tak BepOATHOCTE, WTO W3 CTa WIYPYNOB X0TA 661 OmiH EyaeT Spa-
KOBAHHBIN

P(K >0)

a2 wTo wx Gymer Gonbue meyx paswa

—Po(15) 20777,

P(K >2

1 =Pg{1.5) = Py(15) = P4{1.5) = 0.191.

Remark:  3axon peaxux coburalf onySanxosan Iyacconon » 1837 ro-
Ay B paboTe, NOCBALERHON NPHIOKENTAM TeOpHH BEPOATHOCTEN K CyaebHOM
npaxTaxe. Oxnako goaroe bpews saxon JTyaccosa ocTaBanca Ges JOMKHO-
ro srumanns. Ero npusanue matapyror 1398 rofow, Korta oHapymuiocs
MopasiTensHoe COMNaCe TOr0 3aKOHA CO CMEPTHOCTSIO B 14 Kasanepuii-
cxix Kopycax Pepmann ot yrapa KonwTowm ¢ 1874 mo 1894 rox. Hannme
IpyNIMpOBATICE Mo KOPMyCAM I rofaN, TAK MTO MONHOE WX HHCHO Ge0
N =14 x 20 = 280. Beero noruéino 196 canzat, 70 ecrs b cpeanen 5 ro1 b
Kopnyce rutino 196/280 = 0.7 uenosex. Baas 570 sHauenne 3a A, #3 3aKoHA
Hyaccona Hafiaem, 4To BEpOATHOCTS OTCYTCTBHA CMepTelf B rog B KOpmyce
pasna

Po(0.7) = 07 = 0.497

a BepOATHOCTH NOHGHYTS OT Yapa KOMKTOM OIHOMY H ABYM CONTATAM Ko~
nyca 5 rox Taxosa

Pi(0.7)=0.7x e =0348,  Py(07) = % % (0.7 x 707 = 0122,

9N



[image: image95.png]Ouenmy uncio caysaes orcyrcraus, omsolt u syx cueprelf B Koprycax b
roI, MOMHONHB yKASARHEE BEPOATHOCTH HA SHCIO HAGTHOTEHHH:

Mo~ 0.497x280 ~ 139, My ~ 0.348x280 ~ 97, M, ~ 0.122%280 ~ 34.

B peansnocrs 6610 Mo = 140, My =91 1 My = 32, o Ganee sen xopoto
cornacyerca ¢ ouenram, ocnosanmsi Ha saxone Hyaccona. W

Remark: B nawane asaguaroro nexa 3axomomepHoCTH peaxix ciywail-
ux coSwmnil naywanucs farckmy Matemaruxow Dpmanrom. On ssacamn,
4TO BEpOATHOCTH HACTYMEHHA DeIKHX COGWTHI B OTpaHHYEHHOH cepmm
HCTWTaRu AKKypaTHEe OMHCKBAITCA yceenHmM 3axonom Tyaccona

a3 a3k
PN =CN e O ;,%) . m (20)

2.3.4 3axon Tyaccoma B duanxe

Muorowncnenntie npumenehia saxowa TTyaccona s Guanke wanKCTpH-
pyeT samava o pagwoakTHBHOM pacnafe. ITyeTo CHETINK & YaCTHI TOMelleR
BG.AWIN HCTOUHHKA PATHOAKTHBHOCTH. MINIMKATOp coeTwmKa UKCHpYeT wi-
€0 @ YACTHI, MOMABWHX B Hero 3a Bpema £ Halimewm sepoatocts Pi(t),
4T0 32 370 BpeMA CHETINK 3apernCTpHpYeT K wacTuu. 1A 37010 pasoGuen
BpeMA HAGMIONEHHA HA 7 WHTepBAnos Af = t(n, TAKWY, 4T0 BEDOATHOCTH
pervcTpaum omHON  YACTHIE! 32 Af OYEHD MANA, A BOSMOKHOCTBIO Peri-
CTPAUNH GOMbIlero YHCNA YACTHI W BOBCE MOXHO MpeneGpetn. Kpowe Toro
ECTECTBENHO ONAraTh, 4T0 BEPOATHOCTD PETHCTPAUNH OINOH YACTHIE! MPO-
NOpUHOKANLHA [INTENGHOCTH HHTEPBAN

t
~vAt=vo.
prv v
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[image: image96.png]Fig. 2.12
BepoATHOCTH PErHCTpALIAN & & HACTHL, B 32BHCHMOCTH of o1, C po-
CTOM K HX MAKCHMYMH CMELIAIOTCA B CTOpOHY BanbuiM vL.

Ha pUaWKH PATHOAKTHBHOCTH ACHO, 9TO WCMYCKAWA ( YACTHI B He-
NEpEKPHIBAICUIMECH MPOMEXYTKN BPEMEHN CTATHCTHYECKW HesaBuCHMEL A
3HANNT cpasennBa cxema BepHYNnW [N n He3aBHCHMBIX WCMBITanwH, rie
POb yClexa HIPaeT PerCTPAlHA CHETIHKOM G WacTHUB! 33 Bpeva Af, a
Heyasy - OTCYTCTBHe eruCTpaIWH B 3Tom npovexyTke. Tpuuen n Gearpa-
HHYHO BENHKO, BEPOATHOCTS PErHCTPAINH p = vAL HewesaoWe Mana, 3

@)

Wueer mpowssonboe swavenvie. Moxcrasws A (21) & saxon Myascona (16),
HalileM BEpOATHOCTH, 9TO 33 BpeM#l ¢ CHETINK 3aperHCTpHpYeT k YacTHI

Pult) (@)

Tlapamerp v XapakTepHsyeT PaTHOAKTHBHOCTS OKpYXafolel CPetl i Hie-
er AcHult Guasnveckult cumicn. O pasen cpedvetl wacimomme perwcTpatiK
a wacTwu (wx cpeawemy wncny sa emwwwuy spewent). Tpacwk seponTHO-
cTelt {22) SaperwcTpHpOBATL 0Ny, MBe W GoNee YACTHI, B SABHCHMOCTH OT
Geapazweproro spevienn vt, mobpaen wa Fig, 12.

Ocranoce obasiTe, wTo saxon (22) Mpekpaco cornacyerca ¢ acmepH-
MeNTOM B CambIX PasHOOGPaINEIX UINTECKHY CHTYAUMAY.
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[image: image97.png]Tipuwmep: Tlyers kontenTpauns monexyn rasa paswa g. Halinew seposr-

HOCTS, 70 BHYTPH Wapa PATHYCa T MoneKyN HeT. 3ech
4
A=—mrtp.
3

TogeTasns 370 awasenne A s (15), nomysm

Po(r)

exp<-"ngrﬂ) L ox 23)

3

2.4 3BaxoHBI GONbNIOTo YHCIA HCTILITAHUH

Tlomuto ofeyKEHHOO TONBKO-9TO 3aKOHA PEAKWYX COBHITHH, WheeTeA
ellle AL, CBAANAEIX ¢ WCTBITAHWAMH BepHynim, BaxHefuny npefensheix
COOTHOWEHWH, NONESHEIX MpH AHANK3E GONBUIOND THCNA HESABHCHMEIX HCTE-
Tanuti 23 1. ToNbko B OTAWHE OT 22KOHA. PEKHX COGHITIN, OHW CHpasen-
DHBEI e MPH p — 0, & TP NIOBEIX HAMEPE SAMARNEIX SHAIEHAX BEPOATHO-
CTH p YCMEXa B OIHOM HCMBITAHHK.

2.4.1 Jlokammuas reopema Myanpa-Jlannaca

Kitowesoe Mpesents Hoe cooTHOWER e, Ha KOTapoe OMHPAIOTCA GCTATLHBIE,
naer noxanvnas meopeata Myaspe-Jlanaace. Myasp moxazan ee s 1730 rony
ans enywan p =g = 1/2. Benensa Myaspow e nonpobo obcym wento
3T0T wacTHeIN caywall, a 3aTem chopMYAHpYeM OBILY 0 TEOPEMY, CTPaBEIH-
ByIo mpi nio6ax 0 <p < 1.

Jlns ynoBcrsa BRIKmatoK MpMMeN, 4To THCIO MCMBITANWN veTHOS W pas-
o n = 2N. Kpowe Toro seeien Wossil apryvewt m = k — N, paswsit
OTKIIOHEHHIO OT MONOBHHE! HeMbITanki. Beemew ewe onwo obosHadente

Pan(N +m) (NZiIm) % m

A seporTHoCTH, wTo ey valtan semmia M = K — N npiwer swaverwe
m. Bammuess P(m) s nsnol opwe

(@2N) <|)”‘ .

N +ml(N —m)f \2

P

Pm)

Towroxxws wwcnwTens w anaverwatens wa (V1) Gymew mwero

vy

Plm) = Fo i (v =

@)
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Byfient cauTas fanee, 970 m <€ N, TAK 970 Bee COMHOKHTENN B YHCAHTENE
W aHaMenaTene Gawskw K exwHite. Tlonsayacs 3THM, 3aMeHny npowBete-
A B (4) BEIPAKEHHAMN, ALWMITOTHYECKH CMPABENAWBEIMK P ™ <& N,
BpOfe Tex, 4T0 ME! HCMONB30BANK B 1-H FAABE W pelEHIH AN 0 COBNA-

Plm

P(m) =

@

menwu mwett poxcaenns. TloapoGHo obcyauw MpoHSBemeHNA B SHAMeHaTeze.
Tlorapucpmiupys ux, nonysus

|nﬁ< ) ZIH<I+N)

=] =

JTorapudMs1 B CyMMe 3aMENHM HIBECTHEIMH ACHMITTOTHRAMM

In{l 42) =2 +0(@%) = |..<1+%) —+o(§;).

ToacTasus wx B cymuy, MPHIEM K ACHMITTOTHIECKOMY COOTHOLLEHHIO
n 7 n 2
i 1 '
1 (1 7) - .
"E, W ; v* 1’V§7+o e
Tontayacs hopuynofi cyuus: aphcweTuteckol Mporpeccut, oy waes
m Fi m{m+ 1) m
I T+ = —_— -
"LE!( +N)] 7 tolw

(rciona HMeeM HCKOMY IO aCHMITTOTHKY MPOH3BENeHA B 3HaMenaTene (4)
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[image: image99.png]Todwo Tak e HAXOUAT AHMNTOTHKY YHCINTENA B Mpasolt wasTw (4):
w1

TG -)=oo 572 oo ().

=

ToncTasis mocneme T8a cooTHowERHA B (4), MOAYYHM OKORTATENEHO,

Poexp (-7"‘7;) [1 +0 (%2)] . ®)

Haliztem acumnroTiky BepoaTHOCTH (3) Hynesoro swasenws caywalvol
senwsuns M. [na 3700 senossuy gopagay Craupaunza

- ]
N = VIR N [1 + o(v)] (N = o) ©

7
Owa wanexwo paboTaet mpw niobaix N, naswwan ¢ N = 1. Batom ybexnaer

Tabmmua 4, rae mams axTopwans w pesynsTaTBl pacveros mo hopuyne
Orupnunra. Tocnennan maer

@N) 2 VarN 2NN e (W) 20 (W) e

Orcioma i s (3) weens
Fo

13

@

Toncrasis 570 3Haverwe 5 (5), MoAy Iy OKORYaTENBHO

P(m) = Pay(m + N) = \/;Wexp (—%1) [l +0 (:;—2)] L®

Dra acHMnTOTHECKaA OPMYNA i COCTABIAET CollepKaNHe NOKANbHON Teo-
peses Myaspa Jlannaca & wacThom cnyae p =g = 1/2.

CooTHowenwe (8) osnawaeT, wTo ecnn m* < N2, To npn noxcveTe Bepo-
aTHocTelt Pan(m + V) MoxHo mons3osarsca npuGawxennolt dopuynolt

Pay(m+N) = -1) (m < m" = N3, ©)

1
Vs ( Kl
Tloasepkres, mpi N > 1 37a popuyna Mo cyTH CMpaseqnBa Ans k-
BBIX ™M, TAK KAK BXOMAWAA B Hee 3KCTONEHTA CTAHOBHTCA Masoff 331010 10
Toro Kak m focTHraeT rpamwuy m* = NY? npumennvocTH acHMnTOTHYE
cxolt popyiyas (8). Do suaro ws Tabnwus 5, e ana paserx N ganer m*
W COOTBETCTBYIOUHE SHANEHNA SKCMOHEHTE B dhopyne (9).
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Tabna 2.4: Tounsie swasents axTopwances i ix mpHGHKen-
Whie awavenns o popuyne Crupawnra. B wixwelt crposice s
NpoUENTE owHGKH Be1MCnENHA baKTOpHANa Mo 3Tol (opuyne.

N 4 110 [20 [ 50 | 100
™ 252 4.64 | 7.37 | 1357 2154
exp(-m*/N) | 0.20 | 0.12 | 0.07 | 0.03 | 0.01

Tabnuua 2.5 3astennn IKCTOHEHUWANLHOND MHOXHTENA B (6)
AN KPHTHYECKOTD SHAYEHA 10" W PASHONO YHCNA WCMEITAHWH.

T

Fig. 2.13
BHHOMHaIbHOE pacTipeneneHHe (BepTHKANbHIE OTpesKH) W Fayecosa
wpwBan ann caywan n =8 (N =4) wp = 1/2.

BepHeuca & HexomweIM wneny yonexos k i Mommowy wwcay wcmermaswii
. HalosHi, oW CBAZMEI ¢ BCMoMOraTensHBIMM Benwsyuwamy m u N pa-
[

E=m+N, n=2N =
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) (a»),
re
L 2
VP2
ymunn Tayeca, a )

(102)

(10b)

(10)

Remark:  3ameran, uto n 5 (10a-c) e obasarensno TonxHo GTs HeT-
num. ernocrs (n = 2V) Geina MyxHa aM TobKo AU ynpomenna BH-

raazox. B
Remark:

Xors npuSnuncennan popmyna (10a-c) suTexaet n3 coorso-

wienns (), acaMnToTHUECKH CnpaseaTHBONe Mpi R — 0O, OHA XOPOWIO AT-
npoKcuMHupyeT GuHOMHANBHOE pacTpedenente u MpH He oYeHs SansuIX 7.
B >1om yBexaas rpacpux ma Fig. 13, rae nsopaneno GumowmansHoe pac-
npexenenne 1 ero rayccosa annpoxcumanna (10) (cnzounas xpusas) ana

n=8(N=4).8

poz

o

Fig. 2.14

BHHOMHANLHO® PACTIpETEneHHE (BEPTHKATLHIE OTPESKH) M ayecoBa

KpHBan npH 1 = 25, p =

/5 unpy = 4. Hecuorpn a ywepentioe

3HAMEHHE NAPAMETDA NPy, TPAGHK TEMOHCTPHPYET Xopolliee Cornache
GHHOMHANLHEX BepoRTHOCTER W annpokcumaunn Myaspa-Jlannaca.
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[image: image102.png]TIp MpoN3BONBHEIX BEPOATHOCTAX yCMexa p W Heymasw ¢ (p+¢ = 1) cipa-
BelNNBA ANANOTHYHAA ALWMITOTHYECKAA (pOPMYNA, COCTABIAIILAA Coflep-
xanwe obuel Teopews: Myaspa-Jlannaca. Onyckan rpoMosIKie BEIKNAIKH,
MpHBeleM MPHONKERHYIO OPMYIY BEIHCIEHHA GHROMNANGHOTO pacnpe-
menewws mpw Gonbwix 7pg:

1
VAR

Pulk) = #lz)s (apg > 1). an)

Bnecs 1(z) sanara pasencraom (10b).

2.4.2 Hurerpanmnnas dopmyna Myaspa-Jlannaca

Ha MpaxTike Yalie HCTOML2YIOT He NOKANbHYIO, 3 uNmezpatNYI0 (op-
wyay Myaspe-Jlanaace. Jeno s Tow, w70 npi 7 35 1, koraa dopuyns: (10),
(11) cmpaBeanINBEl, BEPOATHOCTE OTAENBHBIX FHCEN YCMeXoB &, MPOMOPLIO-
wanewan 1//n, Gnmarca k mymwo. ToaTomy oSe1mo WHTepecyroTCA BeponT-
WocTbIo, ¥To wHeno yenexos K Momamaet & wexoTopsil oTpesok K € [k, kal.
BepoATHOCT OGBEMWHENNA HeCOBMECTHEIX COBSITHH PaBNa. CYMMe X Bepo-
ATHOCTeN, & 3HAYHT BEPOATHOCTS MOMACTH B 3ATANHBIN OTPE3OK pasHa.

h
Plknka) = 3 Palk).
=3
Topcrasws croma, sywecto P,(k), seipaxenne (1), monyanm:
I
ERMICALEN

=4

Pk,

2

e

Az = T4 -7k

ez

TIpi 7 3 1 cyMuy MOKHO 3aMEHRTD WHTETPATON i M0A630BATEE A bopMynol

\/%jexp(—a;:) dz. (12)

P(ks, ko)

s
o / ez
3necs BBenent obosHaTERH A

(124)
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[image: image103.png]opuyna (12) w ecrs wnrerpanswas dopuyma Myaspa-/Tanmaca. Te we
Meree, MpHMeN A e, OBXOLATE Gez BBINHCIICHN A HNTETPaNoR, 2 NOMB3YIOTCA
Tanuaum pynrumn

o) ﬁzaxp (-’{) dz, 13)

W HaxomAT TpeSyeusie sepoaTHOCTH Mo hopyyne

K
P(ks k) = P (a < m” < b) = 8(5) - ¥(a). (14)
Vnorsa ssecto $(z) (13) mpusnexaior creunansayto by Ko
erf(z \/l;b/exp(—zl)dz. (5)

Ee ofoswavene ecto abbpesnatypa monworo wassaswn: Error Function.
Tpemsayuan dywcums $(z) supamarcs vepes erf (z) pasencraon

¥(z) % [l terf (%)] . (16)

a cooThowenwe (14) npHoSperaet g
2
v/

i)

a7)

Fig. 2.15
Tpadmiw dyukum $(z) w erf(x), wenonwayemsix B MHTerpankHoR
dopuyne Nyaspa-flannaca.
Dymicupn erf (z) wweecn 50 Beex waTemaTnseckwx mporpammax. Tak 8
nporpassie MATLAB ee suasiaror kowanmoft
> erf(z)
a & nporpaviue MATHEMATICA xosanolt
Exf [x]
Tpaduwen dynwunt $(z) w erf (z) mawer wa Fig. 15.
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[image: image104.png]2.4.3 3axon Bommmux Yncen

B nepsoff rase 65110 TaNO CTATHCTHYeCKoe ONpElENeNTe BePOATHOCTH,
commacHo KoTopouy BEpOATHOCTS cobsITHA A paswa mpexeny

im & 18)

s

P(4)=

roe K 4WCno WCMEITaHWH, W3 MOAHORG YHCHA 7, B KOTOPHIX WMENO MECTo
cobuie A. [Jo cHX MOp OIHAKO 66110 HEACHO, B KAKOM CMBICIE 3ECh TOHH-
MaeTca cxomuMocTs. Temeph Mb1 FOTOBE IaTh MOWATHIO CXOMHMOCTH B (18)
cTporih MaTemarHyecknh cMbicn. PAcCMOTPHM HepaBeHCTBO

K

7-p(4)‘<5, 19)
B

rae € >0 Hanepen saganwoe wncno. TIpi 7 3 | MOXHO PaccynTaTs BepoAT-
WOCTS BEIOnHer A 37070 HepasewcTBa Mo popwyne (17). B maswow cnywas
ML HHTEpECyeMCn BEPOATHOCTEIO, 4T “IHCAO yemexos K MexuT B mHTepsane

nP(4) =ne < K < nP(4) +ne (20)

Coomsercrayrouwe swasenma a i b us dopuyn (12) paswst

s\/I, bme .
e B

Toncrasus wx & (17), Hafirem sepoATHOCTS BEIMoneRHA HepasencTsa (19)

P(%—P(A)‘<s) elf(s ﬁ . 1)

Bnect yurena wewetwocTs dynkum erf (z).

Tpasas wacts (21) npw 7 = 00 w & > O crpevwta & exwnmtie. Ta-
Kt 0BpasOM MBI YCTaOBHN SamevaTenRElt hakT: Kaw G Mano wi Gxao
& >0, aeposmmocm ewnoavenu wepasencmea (19) cmpestumes x edumse.
F10 yTaepiente wocT Hassanne axona Bomvuruz Yicea.

O6s1r0 Baxon Bonsurinx ricen opMynMpyioT, NPHBNEKaR MO ATIE Cro-
Bunsocmas no seposmmocmu. B obilie cnyvae ero onpenenAKT Tak:

Cayatinyio nocaedosamenvriocms {Zy, Za, ... Zy. .. } nasweaiom czods-
UEHCK 110 SEPOITMNOCTN, TPU 7 — 00, & JEMEPMUNUPOSINNOL SEIUNE 2,

ecau npu awbon £ > ) aeposmmocmy eunoavewus nepasencmea |z = Zu| > &
cmpestumes % wyar.

Taxuu opasom, CTaTHCTHUECKan YCTONWHBOCTD coSsTHA A oamawaer,
4T ero OTHOCHTENILHAN TACTOTA CXOWTEA Mo BepoATHoCTH K P(A).
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[image: image105.png]2.5 TIIpuMepbl HeMpepbIBHBLIX BeAM4YMH

Hau yiKe 3MH30IHYECkH BETPENAnNCS HempepaIBHEle cny waliEle Beani-
WEI, MPURHMARWHE A10Goe SHATENHE B HekoTopoM NTepEane (2, b) Wi Kaxe
Ha Boett wHcnosolt oc. Tak Mel OCBOHNNCE ¢ PABHOMEPHO PAcTpeNEneHHBIMK
BenmuMHaH, HyieeM MpeacTaBnenHe o pacnpeneneniax Taycea w Kown. On-
Ko HeMpEpHIBHEIE BENHYNNEI 3ACNYXWBAIOT Gones CepLeNOTD BHHMANNA:
© W MoMOWEIO opMYIHPYIOT BaKHEIE 32KOHE! HHINKH, KOHOMMKH, HH3Xe-
wepmsix nprnosxennti. Tlouivio Toro onw wMeroT cremnduveckue caoficTsa,
oTcyTeTBytoume ¥ anckpeTnerx Bemrin. Bee 370 3acTannfer 3anAThCA ci-
CTEMATHYECKHM H3YSEHEM HeMPEepSIBHBIX cy TaNHEIX BEANTHH.

HastHew ¢ IeTanbnoro oScysXenin KOMKpETHsIX pacnpetenennii nenpe-
PHIBHELY BENNWHN, T3STO BCTPESANWINECA B MPHIOKENHAX.

A0

Fig. 2.16

Tpadui pacnpesenennn Tayeca. Ero napamerp i 3a0¢T UeHTp CHi-
METPHH, 3 0 ONpRIENTET XaPAKTEPHYIO WHPHHY f(z).

2.5.1 Pacnpenenenne Taycca

IeNTpantHos MecTo B TeopHH W MPHIOKEHHAX JANHMAOT 20YCCORN Ge-
e, Pacnpenenentie rayccosolt senwamel X TaKoso

o= e (2240 0

2 ero WHTerpanbHas hyHKLA PACTpEIENEHN A HeeT BHIL

F(z)_P(x<z)_w<1"‘
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[image: image106.png]Tayccoso pacnpenenenie MoMHOCTSIO 3amarT MpaueTpst (4, 7), Huero-
e ACHEI reOMeTpHHECKHH CMBICT: f €CTD UEHTP KONOKON0OGpasHOrD rpa-
ik pacnpenenentia (1), a o pasko ero xapaxTeproft wnpiwe (cu. Fig. 16).

DTH NAPAMETPEI HMENDT ellle H MPOIPAYHYIO BePOATHOCTHY IO W TEPIpETALNIO.
Tax 4 pasno cpeaneti senwnne X. Toxamew 370, samncas (1) s dopyre

O CEYIN

e

®)

B HOBBIX 0BOSHAEHHAX CPElHes PaBHO.
)= [er@in = [ oo -ps.

Tlepefiziew & ocneXNes HATErpane K WHTErPHPOANMIO o Y = T
y+p, de = dy). B wrore nonyuuu

3= [ viwa+n | oy

3mech mepBEIN HHTErpan pasen HynKo H3-3a YeTHOCTH f(y), a BTOpOl equHHLE
5 ciny yenosws wopuwposki. Onemosarentho {X) = 4.

Fo

Fig. 217

Tpadukn pacnpenenenun Tayeca nph g = 0 W pasuux a. C pocrom
0 KpHBHE CTAHOBHTCA WIMpe, H B TO Ke BpeMA HHXKe, YTOBH He Ha-
PYIWANOCH YCNOBHE HOPMHPOBKH, COTACHO KOTOPOMY MOWAb N0%
KPHBHMH paBHa eHHHUE.
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[image: image107.png]caywalinsx penmann ects eme o1Ho obuwenpunATOE HamMenosanne, Hx Ha-
BHBAIOT NOPAMLADNMMU GEMUNUNLMU H HCTIONB3YIOT A rayccoBolf Benms-
R o cpeanum 1 i ancnepcuelf o coxpauiennoe ofosnauenne N{u,o). B

Tayccoso pacnpenenetme HHTIE He pasHo HYIKo. HTo IHANHT, 470 Havie-
penmie awavenna rayccosol Benmsmmel X MOTYT GEITh CKOMD YromHO BemN-
K. OEWaKo WA MPAKTHKE FayCCOBHI BenHSHKE! PEIKO BBIXOLAT 3a. HEKOTO-
philt orpanHvennsIl WHTepBAN. DTOT HIBECTHEIN FKCMepHMERTaTOPAM (hakT
BEIpakaeT aHamennToe npasuso mper o. TIPHIEM K HeMy, BHINHCINE Bepo-
ATHOCTB, 4TO OTK/IOHEHHE rayCcoBol BENHTHHEL OT €€ CPElHEro HANEHHA He
Gonbue 35. BHPast HCKOMYI0 BepOATHOCT Hepes HHTErpanbHyo hyHKMIO
pacnpeaenenun (2), Gynem umetn

P (X = 30,44 3])

V2,

BeponTHoCTs MPOTHBONGN0KHORO COSITIA, 4T0 HavepenHoe anasenire X Gy-

erf (l) = 0.9973

eT MeXaTS 3 MPEIENAMH YKAIANHOTO HHTEPBAMA, Pasia
P(IX — 4| >30) = 0.003

Heasaw cnosasw, nwws B Tpex wa TicAun waepennii X oTknonseTca of
wa senanny, Gonsuyto 3.

OBcyunt B 3aKNKNEHHE XAPAKTEPHCTHYECKYID (bYHKINIO rayccoBol e
nwsuns. Owa paswa

ol

= exp (i = Jo™at) . ®

OrBevaowan elf xapakTepucTHYecKan GyHKIHA cayqalinoll KOMITOHEHTE rayc-
coBON BenHdHKE TakoBa

B(u) = exp (-1o*uT) . @
Conocrasus ee pasnoxenwe 8 pan Telinopa mo crenenas u

F-) - v Ll 2k
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=
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[image: image108.png]Walizens 6uLyIo popMyNY A BoeX UEHTPANLHEIX MOMEHTOB FayCCOBBIX Be-
At
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Bech nemonsaonano obuenpuHATOE oboamaseN e
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2.5.2 DKCHOHEHIHANLHOE H POJICTBEHHLIC
pacnpenenenn

B TeopHi i MPUNOKEHAX BAXHYIO PO HPAKOT PAcTpeteneni s, Mpo-
nopumonansHEie akcronenmwanbHol dynkunn. Crom oTHocHTER I 0bey-
xnennoe sriwe pacnpenenenne Iaycca. Hixe e Bkpatue obcyans apyrie

pacnpetenenia Takoro pona, HarGones YACTO BCTpESAIOUIECA B MpHIOIKe-
Wi,

BrcnokeHuMATE KOS paCTpenenente

pezssvaline BaxHos Inw caMbx pasHooGpazHBI: MpH0KeNHH, pacnpe-
[AeneRHe HeMpepBIBHBIX cnyYaliNBIX BEHYHH BHITEKAET H3 32KOHA PEIKHX CO-
Gurmit (3.22). Hamowmuna, Py(2) (3.22) paswo seponTocTw, uTo ¢ MomenTa.
BRAIONENIA CHeTINK & TALTH (B6IGepent ero 33 WAvANo oTcHeTa BpeMeNH
¢ = 0) o Texywero wouenTa ¢ B cveTuk momano k wacrwu, Barnawem ma
VKA3aHHBIE BEPOATHOCTH ¢ IPYrof TOYKH 3PEHNA, INIA Hero BBemeM cny<iali-
Wyto senwsmy T, PaBAYIo AANTENEHOCTH HHTEPRAN OT MOMENTA BKAIOYENH
CHETIHKA Ko MepBOre MOMATANHA B Hero & wacTHusl. (WeBNINO, BepoATHOCTE
Toro, wto T > t, pasua sepoathocTn Po(t), 470 3a Bpess ¢ cueTdHK He 3a-
perucTpuposan wacTi:

P(T>8)=Peft)=e™ (t>0). ®)

Orcioma cpasy HAXOmWM WHTerpanbhyio i mwdipepentmancuyio byHKumH
pacmpenenexus cnyvaknolt senwumns T

F(t)=P(T<t)=1-PT>H=1-
9
) %;t):ue’“ (t>0). ®

TnotwocTs seposocTeh f(2) (9) WassisaroT axcnonenyuaavHaat pacnpede-
aewens, o wmern ywcn ¢*. Tpapwicn dynrunt (9) mawes na Fig. 18
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Fig. 218

Tpadukn MuTerpanbHon u audbepeHumanshol dyHKUMA pacnpete-
NEHHR SKETOHEHUMANLHO PacnpeneneHHol cnyalHoR benuumy T.

Jlerko CocSHTATS, T CpeHes SHASEHE i IS KCMOHEHUHATILHOTD pac-
Npelenen A oNHHAKOBE i PABHE!

(Ty=o=? (10)

o
2 ero xapaxTepicTIecKan YHKINA TaKoBY

v

9(u):u/e"“’“dt_7. an

v—iu
4

Remark: Dxcnionentuans noe pacnpesenenne npeicTanaser coboll THm-
Hulf O6pAsYHK pacTpereneHnll HEOTPHNATENEHEY CTYYARHEX BETHYNH, Xa-
PAKTEpHX A CAMAIX PASTHUHKX MPHAOKEHHH, OT HIHKH I SHOTOrHH 10
3KOHOMHKH 1 Teopun oYeperelt B unTepnere. B

DKcroHeHIWANbHOE pacnpemencHie (9) WMEST ellle OIHY BAXHYID HHTEp-
MpeTaumio. YKaXeM ee, ANA Hero pAcCMOTPHM MOMEHTE! b MOMAIANHA &
HACTHI B CHETHH.

Hl2 HeSABHCHMOCTI PErHCTPAINI YACTHI B HEMEpeKPHBARILIEC TPOME-
JYTKH BpeMENN CIIEIYeT, UTo HHSETO He WSMENWTCA, €CAW 32 WO OT-
cuera BaATe moboll ovent ¢4, Cnemosatentwo, pacnpenenenns (9) saonwo
ABAROTCA pacnpemenenmavm daumenvnocmedl unmepsaaos aeamcdy nocae-
dosamenvwunis momenmants peaucmpayi T = tyy — ¢y, Nlonobrste paccy-
SKHEHA CTPABEMINESY 1 B IPYFX MONOGHBI CHTYAIHAX.

Tipumep: Hanowmi, seipaentie (3.23) naeT BepoaTHOCTS Toro, 470 BHY-
TpW wapa pamwyca  Her Monexyn raza. Ilombayacs HeaaBHCHMOCTSIO Momo-
KeHWH MOy, COBMECTHM UEHTp wapa ¢ omwol n3 wix. Toraa, cornacko

107



[image: image110.png](3.23), BeponTHocTs, wTo cnywalinoe paccTosHwe R oT uenTpanswoll o Gan-
xaliweli monexye Gonbuwe ., paswa npasoll wacTw pasewctsa (3.23). Coor-
BeTCTREHNO, MHTerpanbHan 1 mndepentantHan byHKIH pacnpeteneni s
KpaTvalluny paccTOAHWN MeXIy MONEKYNaMH TAKOBE!

Fir)=

=Polr) =
(10)

F(r) = drorexp <"x

12)

An

- 219
TTAOTHOCTS BepORTHOCTER KpATHARIIMX PACCTORHHR MEKAY MOMEKY-
NaMH rasa IHHHYHOR KoHueHTpaUHK (¢ = 1).

TpadiK MIOTHOCTH BepoATHOCTEN KpaTwalWInX paccTOAHNH MeXIY Xao-
THAECKH PACMONOKEHHBIMI MONEKYIAMH 123 ¢ eIHHHIHON KOWUEHTpaINel
(¢ =1) man wa Fig. 19. %k

| DV S—

B npasyro wacte pasencrea. {12) sxomt swasenwe Temsa dywsuu. To-
CKONBKY MBI ele He pa3 ele BETpeTHMCH C Hell B TankHeflies, Kaany onpe-
enenne Tolt by KU W KpaTKY'O cMpasky o e= caoficTsax. Tlo onpenene-
Wi, rauwa ynkuia pasna

a3)




[image: image111.png]Hwrerpan cnpasa cywectayer Tonbko npi a > 0. Oawaxo awanwTwvecky
MponanxeHHen ramma dyHKINI J0OTpelenaioT Ha BCko KOMMIEKCHYRD Moc-
KocTe, 32 MeKnKoYeHten Tovex @ = 0, =1, =2,. ., (e OH WMeeT MontocL
Tpadpuk ramvia hywkuw Bons feficTanTesHON oo naoSpaen wa Fig. 20.
TTpw pacvierax ¢ MpwBneseHien rambia. by HKHHH GEIBAIOT Mone2HEIMK 2 fie-
RYPPENINOE CEOTICINE0, COTNIACHO KOTOPOMY

T(a+1) =al(a) (14)
W cBONCTBO CHMMETPHI
Na)r(1-a) = = (15)
B 4acTHOCTH, H3 peKyppenTHOro cooTHowenwna (14) crenyer, 4o
Tin+1) (16)
2 cBONCTBO CHMMETPHH TaeT
a7)

Fig. 2.20
3aBHCHMOCTL raMMa YHKUMH OT BELIECTBEHHOND APTYMEHTa.

BameTiu eue, 9T0 B TeopHH ramua hyHKUHH TOKASHBAETCH CTPABETH-
BOCTE WHTErPANBHOMO COOTHOLIEHTA

T aomt gmre gp T
{1 w==2 (18)

cpasennwBore mp & > 0 W MKGOT0 KOMIIEKCHOMO 7 € NONOXWTEnbHON
peanswolt wactoro Rey > 0.
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[image: image112.png]Tanwa pacnpenenense

Tak HaIHIBAIOT MAOTHOCTH BepOATHOCTEN HeoTpHIaTEntHON CnywaliHolt
senwanE X, HMerolee BRI

Szl = w5 e (@>0). (19)

Haliziew ee xapaxepucTuuecyto dynkuno

r
T(a)

o) = 71“’” etargs (g >0).

Briuncans sxomAuml clona WHTerpan ¢ novowsko opuyas (18), Gymem
wweTs

20)

Pacnpegenense BeiiGynna

Pacnpenenenits, GnHsKie 3KCTOREH LHANGHBIM, BOSHWKAIOT MpW aHanHae
NMPONONKHTENLHOCTH PaBOTE! TEXHIYECKINS MPHGOPOB, MPOUECCOB. CTaperit
W OpYTHX pomcTBeHHHIX ABnenui. OGCYMNM HeKOTOpHlE CBASAHHEIE C HHMK
NORATIA, AN Yero BBETEM (Y HKINIO, MOTONHHTENLHYIO K HHTSFPA/EROMY
pacnpenenexmo

RO =PT2t)=1-F(). @)

TpuwenuTentho k cnywalinofl npononxuTensHocrn pabors: npuSopa T, ona
PasHa BepOATHOCTH MPHGOpY GHITE HCMPABHEIM IOMbLE HaMepeX 32TAHHOMD
spewenn ¢, Toatomy R(t) (21) wasemaror ghyracyuets enmcusanicn (survival
function). Do yGmsatouas < poctom ¢ ynkuna. Uem GuicTpes oma cma-
aer, Tem Gombuwe onacocTs MpuGopy Bokope BEATH W3 cTpos. TlosTouy
OTHoWEH e CKOPOCTH YGBANILA by HKINN BELKWBANWS K Hell cauol

1 dR(t)

A= a e @

wassmasor ywruneli omacoctw (hazard function).
Al sxcronenmansRoro pacnpeenenitn (9) by HKIIR OMACKOCTI MOCTO-
anma: R(t) = v = const. [lnn npuGopos, XHBOTHEIX W Aomel, A7 KOTOpAIX

XapaKTEpHS MpOUieCcsl CTapeni, 3T (YHKUNA WMEST TeHIEHINIG K YBEnH-
wenmo pocTon £. Ecam hyHKUNA OMALHOCTH HaBecTHA. MW AKOGHIX £, Mo Hell

1




[image: image113.png]MoxHo paccunTaTs (yHKuNO BELXHBasMoCTH. Bossuen K MpuMepy mocTa-
B L L rmpe—

A) ;:w (a>0,8>0).

Torna pywwuns seixnsanwn pasna

R(H)

Tlo R{t) nerko onpeienwTs nIOTHOCTS BepOATHOCTEN MPONGMKHTENbLHOCTH
pabore npuGopa:

O U P, (-ﬁ) (t>0). )

dt 8 8

Tocnemwroro wazesator pacnpedeaswuest Betibyana (Weibull distribution).
Tipw a = 1 o0 mepexomuT B 3KcnoNeRuWANLROS pacnpenenente (9) ¢ wsmen-
cusmocmwio v = 1/6. Tipw & = 2 pacnpenenenwe BeliGynna npespauerca s
wssectos pacmpenenenie Penex

£t = %: exp (-%) . (29)

Omo cooTsercTayer numelino pactyuel rywkum omachocTH. Mt ewte nerpe-
THwca ¢ pacnpeenenmem Penes B cBAIN ¢ (pINECKNMI W HHKeHEpHBIMH
PHIIOKEHH AMH TEOPHH BepOATHOCTEN.

2.6 @YyHKUUM cny4yalHBIX BeJIHYHH

K omwoli we THmwsmeIx mpoueayp obpaSoTii crywaliMeix enwun or-
WocHTeR emwelinoe MpeoGpazosanme. Y Ke yMOMHHAnGCh K MPHMERY, UTo
NPHEMHIK 3MEKTPOMArHWTHEIX CHTHAZIOB COEPXHT HeNWHENNEI JETeKTOp,
npecSpasyrowmti caysalinsit curran X o HeKoTopowmy 3akony ¥ = g(z).
Towmyio nukelinoro netextopa (2.17), Wa MPaKTHKe HCMOMB3YIOT KBAPA-
THawsil y = 727, scnonenuwAnsHs Y = aexp(—bz) u apyrwe Hemmnelinse
yerpoficTsa. B wrore sxonwan cayvalinas senwanna X npeoSpazyerca B sei-
xomnyro ¥ = g(X), craTncruseckne cooficTea koTopoli TpeSyeTca BRIACHNTS.
ToTpeSnocts & awannae seposTHocTHBIX cBoficTa hymiu cnyvalinex Be-
ANHN BOIMWKAET We ToNbKo B 3MekTpOTEXHUKe. O MpHMepaM HE OPYTHX
o6mazTell M1 BCTpeTHMCR WinKe. A NOK WIyHHM OBLLUE 3aKOHOMEPHOCTIH
TPancrOpMALNK BEPOATHOCTHEIX CBONCTE hyHKUMH CAyHaliHbIX BENHINH.
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Fig. 2.21

TpadHKkH CTPOro MOHOTOHHIX (YHKUMA, BSAHMHO-OIHOSHANHO OTO-
GPANAIOUMX SHAHEHHA CIYHaRHEIX BenHamn X 0 Y. JKHDHHMH or-
DESKAMH MOMENEHH YHACTKH, Fe BHNONHEHN HepasencTsa (2) W (5).

2.6.1 MonoTonnse pyRKIHK

Ocymnyr Bwavane kax comansi pacnpenenemns ¥ = g(X) c pacnpe-
AenenuAMK ncxomwoll BenwwHHEl X nA CTPOTO MOHOTOHHO BospacTasoleh
Gy y = g(z). Ee xapaxrepnsii rpachwic nan ma Fig. 21 cnesa. Pac-
CMOTPHM B epRYIO 0epett HHTerpanbHyto (hywkuio pacnpenenenia V. Tlo
onpenenermto (1.5) ona paswal

Fr(y) =P(Y <y)=Plg(X) <y). U]

na eTporo mMoHoTonHo BospacTarowel byHKunK ¥ = ¢(x) 3KBHBANEHTHEI
cnenyroume nepaencTBa.

Y<y < ¢X)<y < X<g')- @)

Bnecs 32 = g!(y) oScawavena oSpamwan k y = g(x) dymwuna. Taxww
oGpazou b yKazanmou cayvae

Plg(X) <y) = P(X < g7 (¥)) = Fxlg”'(¥))-

(6benWHAA KOHell 3TOFO PaBEHCTBA C HAWANOM pasencTsa (1), MpHIem K
WeKowoll popmyne, BEIpaNaRIeH RRTEraAnHyIo GyRKINO ¥ depes wATe-
rpantayto dynkuno cnywalinolt s X:

Fr(y) = Fxl(g'@))- ®)
320 n BG0LY MAKE. 26 MOTYT BHTL PASHOITENNA, GYAEM HENOTESORATE HHAEKCH:.

Onn noworyT paanmuaTs pacnpesenennn pacix cnyuaRnix nemmwn. Tax ofosnavH M
wimerpantyto rynkumo ¥ kax Fy . a nomnocts ecportaecteh X Kak fx

n2



[image: image115.png]Jlnpcpepentinpys nocnewes pasencTso Mo y, Walifew cBAID MuoOTHoCTEN Be-
posTHocTelt X n ¥:

45 ‘(y)

Frly) = fxle" @)= @

BrancHus KaK npeoGpasyIOTCA PACTDEIIENEHTA B CRY4as CTPOO WOHOTOR-
wo yémmaromet ymcunn ¥ = g(X) (cm. rpaspmi cnpasa wa Fig. 21). dnx
Hee SKBWEANEHTHEI HepasencTEa

Y<y =  X>g'@), ]

4T0 03HANAET PABEHCTEO BepOATHOCTEH

P(Y <y)=P(X>g'¥) =1 -P(X <g”'¥)-
Bstpasis wx wepes HHTerpancAtie dyHKINH PacTpEIENeNIA, NONY i
Frly) =1-Fx(g™ @) ®)

Jwdpcpepentmpys (6) no y, npunem k amanorwsnoli (4) opwyne, conasisa-
foell nnoTHoCTH BeponTHoCTell ¥ u X:

o= = prta™ ) 22 Q)

Owa Tonbko swakow oTmwaeTea o (4). Munyc obecnemmsast neoTpHIaTens-
HOCTD MIOTHOCTH BEPOATHOCTEH, MOCKONBKY B MAHOM CNYWas MPONSBOTHAT
oSpatwolt bywkunn ¢ (y) MeHbwe HynA.

O e popuynes (4) w (7) s owy, cnpasennwsyio anx noGex crporo
sonoTonmsIx hywRu:

45 ‘(y)‘ ®

o) = 1xts™ 0|
aaw weckomswo npmsepos ncnonssosarm bopwynet (3).

Tlpumep: Obcymum Brasane TpancOPMALNIG MIOTHOCTH BepOATHOCTEH
anw npocTeliuelt AuweltHol byHKuH

y=atb

B s7om cnywae pasencrso () mpuHmMaer sHa
1 b
frlw) = 1 fx (” )

n3




[image: image116.png]Mroxurens 1/|a| & mpasoli wacTw pasemcrea ofecniewmsaer BEIMOMHeHHE
YCnoBUA HOPMHPOBKH fy I KOPpEKTHPYeT e= paswepHocTs, ecam X ¥ e
AuaWHE! pasHol pasmepHocTH.

TTpn womenmpoBaniin ey waliNbix THcen ¢ TpelyeMBIMM CTATHCTHYECKH-
s cooficTBaMH THMHINA cnenytowan mpoSnewa: Wweerca remeparop cny-
qalineix wicen, seimAROWIH cayHaliHEle YHCAA C ONHHM PacTpelenenien, a
HAI0 Moy SHTE cnywalifyio MOCNEoBATENBHOCTE, 0GMANARILYIC IPYTHM pac-
npenenenmen. HTy Mpobnemy Merko pewnTs ¢ Momowsio opyryn THMa (3).
Jlnn onpemeneHHOCTH Gylem CHNTATS, YTo WCMOMByeMan MATEMATHYECKAN
TPOrPaMIa reHEpHPYET MOCMIEIOBATENEHOCTS THCE, PABHOMEPHO pacTpele-

nenweix ® wirepsane (0, 1). B nporpasse MATLAB wafop n Takwx wwoen
{Xiy+os Xa} BE1SEIBRIOT KON

>> zerand(1,n)

Hatiew ywumo y = g{z), npesbpasyromyio wwena {X;,..., X,} s
nocnenosaTensHocT

> yeg(x)

“Hcen ¢ y xHoN WHTerpansHol dbynKkuwel pacnpemenenis Fy (y). dasstoro
2ameTiM, 4T0 A% pasHoMEpHO pacnpesenennbix & uTepsane (0, 1) senman
X uwesst Fy(z) = c. Coorsercraenno pasenctso (3) cpasy maet pewmentre
samas

) =¢'ly) = y=Fl). ®)

Bnecs F(z) ywwuns, obparran & Fy(y).
Tipuwmep: Halinew dywiunio y = g{x), npeobpasyrotyto pasnowepHo pac-

npenenentoe 5 wrtepgane (0,1) wmeno X & weoTpumatenshoe wncno ¥ ¢
3KCMONENUNANLHBIM pacnpelenenten

Fly)=1-"  (>0).

B 370m cny«ae nepsoe pasewctso (9) samiwerca s e
1
z=l-e &=  y=--h(l-2).
v

3ameTns manee, wTo cnyvalinse senuunnel X w1 — X omunakoso pacnpeme-
NeRBI, MONYHM OKOHYATENGHO

y=g() —%Inz. *

n4



[image: image117.png]TNpumep: Hatinem dykumo y = g(c), Mpeobpasyrouyro pasHoMepHo pa-
npenenenutie B wnTepsane (0, 1) wncna X B rayccost cnysalibie BenueuHel
¥ ¢ nynessim cpemwint  exwmwawolt mucnepenelt (u = 0,0 = 1). s (9) ¢
yuetom (5.2) ueen

= %[l-{»elf (%)] = y=Iefinv(2z-1).

Brecs 3anmcTBoBaNG ofosnasienwe mporpavel MATLAB, rae saz = erfinv (y)
oSaanariena ywkuns, oparnan k yniumm owmbox y = exf (z). Kk

Tipumep: Tlyers kopane Geperosoll oxpane: CToWT B Mope Ha yranewwin
4 o Gepera. Ha kopaine BpaasTes MPoXeKTop, BKIMYAACH B CoBepIIEHO
cnywaliNble MOMEHTE! BPEMERH W OCBElAA A MFHOBEHWE TOUKY Geperosolf
i (cm. Fig. 22). Haltw pacnpenenenwe cnysalinoli xoopmmarer X
ocBeuiaemolt Towkn Gepera.

Coast

Hamoctpaunn Kk 3ana4e o Kopabne, ocbeuatoien Beper.

Tlyers ® caywalineifi yron Mexay HAMPaBNENHeM MPOKEKTOPA B MOMEHT
BRAKYERHA W MpAMON, coemR AOwWeN Kopabns ¢ Gamxakiell k Hemy TowkoH
Gepera. Wz ycnosus acwo, wTo b pasnomepHo pacmpelene B WHTepsane
[=m/27/2]. M1 xe noxa paccwoTput Gones obuyto samaty, canTan wTo
$ HMeeT NPOHIBONBHYIO MNOTHOCTL BepoATHoCTel fo{i7), PABHYIO HYIO BHe
ykasanworo wwTepsana. Halifiem wHTerpanswyio hyHKUNIO pacnpemencHis
cnywalinolt koopuKaTs X, 3amerws, wTo X u d cBA3aHEl paBeHCTBOM

<o (7)
woan (5.

X

htan® - L3

15



[image: image118.png]CeoRaTensHo WeKoMAR WHTerpALHAR hyHKIWA pACTpTeneNHA paska.
ety

P<w<“m :) [ frae.

i

Fx(z)

TloacTasus croma pasHomeproe pacnpenenenie fo (i) = 1/, nony«uny oxoH-

sarenso i 5
Fy@ =L mm< ) +1

Jndpdpepentmnpys ero mo , walizew nm0THOCTE aeponnomn enywalinoft Ko~
OpIWHAT OcBelleRRON TouKH Gepera.

[
male A’

fx(@

D10 yaxe wamecTHoe Ham pacnpedeacnue Kous. Mai nysue mofiwew ero reo-
MeTpHYECKHH CMBICII, 3aMEHHB MPOXeKTOp NamTiof, ceeTalel Bo Bee CTopo-
we. Torma ocsetenocTs Geperosoli nuwwH, yosEaIOman 0GpaTHO MpOMOp-
UMOANLHO KBAAPATY PACCTOAHNA, GYET MPOTOPUNOHANLHA. PACTPENEHHIO
Koun.

B obuiem cnywae pacnpenenenven Kown wassisaror

1 s

@)= e

(10)
 Hero Her cpemHero i AWCTpCHH, MOCKONLKY COOTBETCTBYIOUE HTErpans!
pacxonaTcs. TlapaueTps: e f W 0, MONHOCTLIO ONpeIENAMME pacnpete-
nenwe Kownr (10), naseisator yewmpos (location parameter) w macurmatom.
(scale parameter) pacnpenenenna Kown. ¥

Tipuwmep: Tlyers X -coyvalinan senwanna wa Bxofe SKCTOHEIHANEHOND
setexropa. Torma wa ero BbIXoe HABMIOMALTCH BenWdHHA

Y =eftm, an

Bnecs s >0 wm 2amanwste koncTanTsl. TlyeTo Kpome Toro BXomHaR Beni-
wanwa X rayccosa ¢ g =0, 0 = | n nnTerpanswoli bynkumel pacnpesenens

=%+%e.f(j§). (12)

TogeTanns croma oSparnyro dyHiumo

Fyla

Iny-m
PR ki

16



[image: image119.png]Hallzem HHTErpanbHyIo dbyHKUNIO PACTpEnenerit cnysaHol BenHawHHE! Ha
BHIXOfTe 3KCTOHENINAILHOMD TeTeKTOpA

Felg) = 4 Jort (2222 . )

Fludppepentnpy ee 1o y, IPHIEM K MAOTHOCTH BepoATHOCTEH

(—7“"2:17")1) . (14)

D10 pacnpenenente wazsiBarr aosepuairceck Hopazavus. OWo wacTo
BCTPENAETCA B HHIKEHEpHBIX MPHIOXEHIAX f 357y KHEIET MOTPOGHOTD o6~
cyxaenna. s (10) BHANO, 4TO SKCTONEHUMANBHBIN TETEKTOP MPeBPALAET

friy)

nponasansAyo Benwnny X B neompuyameavyo ¥. TlosTomy whrerpans-
Wan hyHKUHNA OrapHpMHYECKH HOPMANLHOND pacnpetenenns (2 Buecte ¢
Hefl  NNOTHOCTL BepOATHOCTEN) ToXTeCTBeHHO pasKa. Hymmo npi y < 0. Ee
Tpashii i rpadHKc NorapupMITECK HOpMANLHON MOTHOCTH BepoATHOCTEN
(14) npum = 0 1 s = | waoSpaxene: wa Fig. 23.

LFw . 7o)

MHrerpanban GyHKUMA M NIOTHOCTD BEpOATHOCTEN NorapHMHde-
CKH HOPMANILHO PACTIpEIENEHHON CNYHaRHOR BENHAKH.

BRvncaiM woMmeNTs! orapicMveck HOpUASHON BemamEl

(V") = (e Xy o gnm (e Xy (15)

Hs onpenenesis xapakTepucThseckolt dywkuww (2.29) Buaro, wTo cpenses
SKCMOHEHTBI cily YaliHOl BE/HTHHE! asHO

(%) = O(=ia). 16)
TIPHMEHHTENLHO K HALIEMY CIY AR OTCION HMESM:

Ofu) = exp (-1u?) = (e Fy=ep(ints). an

nz



[image: image120.png]TogeTanns mocnemwes pasencrso & (15), nonywy okon-aTenHO
. Lnfn st
Y™y =exp (3n(ns® +2m).)
B 4acTHOCTH 17 MepBBIX BYX MOMEHTOB OTCIOMA HMeeM

My=exp(74m), (V) =exp(A’+m) . *  (18)

Remark: Moents: nonesns: ana Konnectsensolf oenxi caoficrs cay-
qafinwx sennunn. Kpowe TOMo HX CPABHHTENIEHO JIETKO H3MEPHTS B PKC-
nepumene. [To>ToMy MHOTHE CKIOHHE HFHOPHPOBATS (hyHKIHH pacTpede-
NennA 1 BCeNeno TOBEPATCA BABOJAN, OCHOBAMHEIN M3 AMATIIE MOMETOB.
Hopolf 0aHaKo CTATHCTHYECKHE BIBOIK, ANENTHPYIOLINE K MOMEHTAM, MO-
ryT sBoauts 5 saliayxaenue. Ipozewonctpupyen 10T yapysarowli axt
Ha npUMEpe NOTAPHGMIECKH HOPMANSHOTO PACTpETENEHIIA ¢ NAPAMETPOM
m = —s*/2. Toraa cpeanse ¥ mocroanno, a sropoli Moment 1 aucnepcus Y
KCMOMeRIANE HO PACTYT € POCTOM S

), DY =exp(s”) = 1.

Kasanocs 6 oTcroTa credyer, 470 ¢ pocrom s ciyvafias seansnsa Y sce
CHIbHEE OTKIORALTCA OT CpeaNero 5 CTopony Sansuimx sKasennst ¥ » 1. Ha
ene, Kak suano u3 (13), BepoaTHoCTS Ciywalinoll pemmiune ¥ npessicuts
cpeanee Hatene BHCTPO CTATAST K HYAR

y=1, (¥ =exp

P(Y > 1) =1-F(1) 19)
Baecs ucnoassosana fonosnnTesHAA K erf (yHKINA
erfe(z) = 1 - erf(2). (20)

Hrnsinn caonam, wew Sabie 5, Tew Gamsue “sepoaTHocTHan macca” cxa-
nansacrcs » ofmactn wansix y < 1, a amawnt sce pexce n pexce ¥ Gyzer
npeswmars 5 nensTamuax yposens (Y) = |. Sxcromenumansasii xe pocr
MowenTo orapucmirecki HopmansHoro pacnpexenenns (14) obycronnen
Bee Ganes Meanenmmm crazamuey ero xsocta ¢ ysemsenuen s. pacpux
sasncHyOCTH OT 5 BepoATHOCTH NpeBsIenIA cpeanero yposns (19) aan ma
Fig.24. ®

ns
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Fig. 2.24

TPadHK BEPOATHOCTH, 4T NOTAPHGMHHECKH PACTIpeIeneHHaR cny-
HaRHaA BENHAHHA ¥ MPEBLCHT CPATHE SHAYEHHE, B SABHCHMOCTH O
s (np m = —5*/2).

Remark: Monsayscs yiobusn ciysaew, onpexenm nomathe meduar.
TpumennTens Ao K npoussonsHolf caysalisolt seansmne ¥ Meuarof Hassi-
BAKT TAKOH YPOBEHS Ymed, UTO C pABHON BOIMONHOCTSIO ¥ MpHHHMaET 3Ha-
“4eHuA KaK 6QnbIINE, TAK U MEHSIINE Ymed. U3 ONpenenenu surexact ypas-
Henne 413 MeaHan!

Fge) = &
Wned) = 5

B wactsocrs, cornacso (13), Meawana TorapeMHSECKH HOPMATSHOTO pac-
npeaenens paska Ymea = €. B obcyraennom sume ciysas m = —s*(2

MeaHaRa GHCTpO CTpeMHTCA K A0 ¢ pocrom 5. Tlocneanee oswataer, uro
€ POCTOM 5 “BEpOATHOCTAAA MACCA” COCPETOTAUNBASTCA B0 BC Goiee MATOH
oxpectrocT atana Koopmar y = 0. B

Remark: Tomuvo Meanansi, npi OGCyXISHI BEPORTHOCTHEIX CBOHCTS
CAyHAHHEIX BENHYHH MPHBIEKAOT MOHATHE MO Ymod. TAK HASHBAKOT Ko-
OpNHATS SOKATEHEX MAKCHMYMOB IIOTHOCTH BeposTHocTef, [z wora-
PHGMIECK HOPMATLHOMO PACTpEIETen S MeNARA 1 WOTA Cosnaaror. W

Remark:  Yxasen oy 3 npiins, Mo KOTOPAM TOrapHMIIECKH HOp-
MasHOe paCTpeNenEntE HTPAST BAXCHYIO PO B HANEHEPHHX I UIMIECKIY
npunoxcennax. Ono BosHuKaeT npn amamise monexenus cucren (devices) o
cayuatiusmn napaverpam. B npocTefimen cayyas nosetense noto6Hol cu-
CTeMS ¢ TevenIEN BpEMENI OTHCHBASTCA AlihhepeNLITATE HIM ¥ paBHeRIEN

ay
SoleXny. Ye=0=1

9



[image: image122.png]napawerp xoToporo (kosgpunent npu Y 5 npasolt wactu) cayuaen. Peme-
nite Tanworo ypasnenus Taxoso

Yit) = est¥ e

1 ¢ TowHOCTSIO 10 3aMens at ma 5, a bt HAm coBmATaeT ¢ MorapugMIECKH
HopmansHoif seauunnoit (11). B

Bepreuc « obcyxaenmto opuyst (8). Ona canasisast pacnpenenenne
senwann ¥ = g(X) w X, ecow bywunn g(x) crporo wowotonwa (w xena-
Tensho Berony muddpepenunpyena). Ecan cTporan MooTonHocTs Hapywa-
ercn, dopuyna (8) worna Teprer cubicn, a MoTHOCTS BepoTHocTel fy (y)
NPHXOTWTCA HAXOHTS W3 MepBIX MPWHIHIOR, OGPALIAACS K PABEHCTEAM A
BepoATHOCTe crlyYaliHbIM BeNHIHHAM MPHHATE Te HIIH HHEIE SHANEHHA.

E» 4

. 2.25

Pacnpenenennn cnyvaiHoR BeqHdnHE ¥ Ha Bhixome nuHeHHOrO fe-
rektopa. TITpHXOM H30BpAKEHH PACTPETENEHHA BXOTHON FayccoBol
Benmante X. JKHpHAR CTPRNKA Ha NPaBOM rpacHKe CHUBOIHSHDYET
Aenbra dyHKuMIO.

Tipuwmep: TlponnarocTpupyes crasantoe Ha MpHMepe AHHeHOMD QeTeKTo-
Pa, npuwuHT seficTana KoToporo omncesaeTca chopuiynoli (2.17). [na se-
AwHNE! WA, BEIXOTe MUHeNNOTO JeTeKTOpa BHNOMHeNe HepasencTEa ¥ < O
nesoawoxmo, a amaunT F,(y) = O mpw y < 0. C mpyroli cTopons1, Mpi mrcSon
y > 0 sunonweno pasenctso Fy(y) = Fy(y), Tax Kax mpu y > 0 Hepase-
T80 ¥ < y akeweanenTHo HepasencTay X < y. Cnemosatentho, mpu nroix
y W Terpanswan bywkuwa pacnpenenenis ¥ omwceisaeTca dhopuynol

mrt={ iy 150 )

Ecnn X swakonepevennan, a Fy(0) # 0, To wwterpancwan dywxawn (21)
Tepmnt ckasok npw y = 0. K mpuvepy, ecow X rayccosa ¢ paBHEIM Hy-
mo cpenwin (1 = 0), To crasiox Fy(y) npw nepexone sepes Touky y = 0
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[image: image123.png]pasen 1/2. Manectno, wro nponzsowan dymiunn F(y), Tepramelt cravox
5 HeKoTOpOlt ToNKe Yo, conepiHT cHRrynApHOe cnaraewoe [F(yo)}3(y — o),
Tiie KBQTpATHEIE CKOBKH CHMBONNINPYIOT BenmumHy crawia. F(y). Hyes 3o
BBHILY, BEIMHUEM MIOTHOCTD BEPOATHOCTeN Cry«alinol BENHYHHEI HA BEIXONE
nuHeliHoro eTekTOpa

friy) = p8y) +9w)fx(v)- (@)

Bnecs oadpprumen

Fu0)= [ ix)de

pasen BepoaTHOCTH BXOIHON Beniswne X GuTs oTpuiaTensHolt. Tpaduin
Fy(y) n cooTseTcTaytowett maoTHocTH BeposTHocTH [y (y) B cnywae korma X
rayccosac g = 0 n o = I, nan wa. Fig. 25.

2.6.2 Hemonotonnsie bynKupn

Toumsio oy aeRHBIX BEIle MooTONHSI: by cnywaliNeX Beni-
“nn, wa, npakTHKe BeTpewaroTCR U HeonoTonwse (ymum ¥ = g(X). Tu-
MHAHEIM MPHMEPOM 3fech CAIy XHT KBATpaTHYHG metextop. Ecaw wa ero
sxon nonaror X, To Ha seixone wveror ¥ = 7 X% Beiachus Kax 8 aTom
W IpYriX MOJOGHEIX CHTYAIWAY CBA3ANEI MOTHOCTH BepoaTHoCTel X 1 V.
flna 3Toro Waliiem BepOATHOCTS, 4To cnydaliHas Benwswwa ¥ mpuHMaET
3HAYEHWs, 3aKNfoveHHble B WHTepsane [y,y + dy). [ns warnamwoctw Gy-
[EM WANIOCTPHPOBATD PAcCY KIEHWA HA MDHMepe HEMOHOTOHHON (WKWK
Y = g(X), wobpaentofi wa Fig. %.

Jln (Seckonewo) wanoro dy w wenpepsiHoN cnywalinoli senwmme ¥
BEPOATHOCTD €& MONATANKA B YKA3AHHEIN HHTEPBAN BEINHCAAICT N0 ACHMITTO-
Tiueckol opmyne

P(Y € [y +dy)) = fr(y)dy. @)

21



[image: image124.png]HAMOCTPAUNA K PACHETY MIOTHOCTH BEPOATHOCTH CNyMaHON Benk-
4MHL ¥, 300HHOR HEMOHOTOHHON yHKUMER ¥ = g(X). FKHpHEMH
CTPATKAMH YKA3AHA ODHEHTAIMA WHTEPBANOB dy W 5.

Eynem paxrosats pasencrso y = g(X) kax ypaswenwe onocuTensio X.
B obilem cnyvae oMo HmesT HecKonsko Koprelt T4 = g; (y) (Ha Fig. 26 Tpu
wops). Tlpn aTom cayualinan sennwnna ¥ oxamerca s nwTepsane [y, +
dy), ecnn X nomager & nioGolt w2 k WHTEPBANOB, MPRMEIKAMWIK K KOPHAM
ypaswenna y = g(X) (ew. Fig. 26). Jnuwes aTwx wrepsanos pasws:

)

CooTBETCTBENHO, BEPOATHOCTE cnywaliHol BennHHe ¥ MOMacTs B WHTepBan
[,y + dy) paswa cymme BepoATHOCTEN HecoBMecTHEIX cobmiTui: nonaanwi
X & k ynowmyTeix wntepsanos na ocn X

frly)dy = ; Fx(we) [dei|

Orciom ¢ yrerom (24) nonywaew

43" (v)

& )

frly) = ;/x(y;‘(y

Bnect cyMMUpoBaNKe BeTeTCA o BoeM KopHAM ypaswents y = g(z) oTHoCH-
Tenho <.

Tlpusep: Bocronbayesica opuynolt (25) A BHIBOTA NGTHOCTH BepoAT-
WocTelt cayualinoli senwmns ¥ = 7X? (7 > 0) wa ssvome keagpatwinoro

22



[image: image125.png]nerextopa. Tak Kak mpw y < 0 ypaswenwe y = 72 KopHell He HMeeT, nnA
orpwnarensiex y wweem fy(y) = 0. Tlpw y > 0 cymectyer msa. Kopwn
1

+ \/? s
ki dy | 27

TloncTasie Wy ByecTe ¢ MPOH3BONEIMK B (25), MANY M OKONYATENLHO

9, y<
K= %[/x(—\/%)wx(\/g)] yro, X @

Remark: OSparum swumanme, uto ecan fx(0) #0, 10 fy(y) crpemmrea
K Gecromeunocrn npuy — 0. Fro caA32HO € AHOMANS AN CHATHEM HHTEpBA-
108 dy, o cpaswennro ¢ nnrepnanamn dz, s oxpectrocT Touxn T =1, y =
\I70Ba BEpOATHOCTH MOMAJANILA B 5T HATEpBANM GhAH paBHE, MIOTHOCTS
Bepoatnocteit fy(y) sunyxaena crpemurca x Gecronenocru. ¢ moToBmm-
MIt GeCKOMEWHBINI CHATHAMI UHTEPBANOB, MOPONCIANOWIMI CTPENIEHIE K
GECKOMEUHOCTH MAOTHOCTEN BEPOATHOCTEM, MI ellie pas BCTPETHMCA B Cle-
ayrowenm npumepe. B

EX w>0)

Tipumep: Ms yaxe ncenemosany cramncTnveckue caolicrsa cnywafinoro rap-
wonmveckoro crwana X = Asin§, re § paswowepro pacnpenenentan &
wnrepsane [0,27] daza. B wactwocTw, yie Walizena ero xapaKTepucTHte-
ckan dywiunn (2.40). Berucaww Teneps mnoTHocTo BeposTHocTel aToll
cnyvalinolt BenHIHHEL.

Ouesnano, soawoxnsie anavenis X nexar s wnrepsane X € [—4, A],
BHe KOTOPOTD MNOTHOCTS BepoATHocTel fx(z) paska Hymw. BRyTpi 310r0
WHTepsana. ypaswente ¢ @ uMeeT B2 KOHA i1 W 73, MOKasAHHEIE Ha
Fig. 27 cnesa. Tawiw obpazom, cornaceo (25), WeKoMan MIOTHOCTS BepoAT-
Hocreft paswa.

@)

Brech Mo OTBENAET MOAOANTEALHEIN, 3 MHHYC OTPHIATENEHEIN IHAYEHH-
a4 cos i
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[image: image126.png]Fig. 2.27
MANIOCTPAUMA K MOCTPOCHHIO MNOTHOCTH BepoATHOCTER cnywaRHoR
Benuunne X = Asin®.

Tax Kax vonyam npowasonwsix (28) OMANAKOBSI, 2 NMOTHOCTS pasHoMep-
Wo pacnipenenentoll dazer mocTosnwa i paswa 1/2m, n (27) nueen

fx(z) (el < 4). (29)

Tpaduk t0ro pacnpemenenms ana cnyvwas A = | waoSpaxen na Fig. 27
cnpasa. ErocTpemnentie K Geckonesnoctn mpw T — A obycnosneno saven-
nenwes hyHKUINN T = A Sin 7 B OKPECTHOCTH IKCTPEMANBHEIX Tovuek i = /2
Wi =32
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[image: image127.png]TnaBa 3

CoOBOKYIHOCTH cJIyYalHBIX
BeJINYHH

Cnyvalinbie ABREHHA OBEIHO OMHCHIBAIOTCA HENOH COBOKY THOCTHIO B3aH-
MOCBAZANKEIX CnySaliEIX Bennsin {X,,..., X,}, W B03HUKaeT noTpeGHOCTE
B HCCMETOBAHHH WX COBMECTHBIX BEpOATHOCTHEIX cBolicTs, B mawwolt rase
NOCNEN0BATENEHO WANArAOTCA METONE AHANHSA MOTOGHEY COBOKYMHOCTEN.
Kak npasino, Wiew YNOMAYTEIX METOLOB YIAETCA HAFIAMNHO [OWECTH HA.
npiepe mapk cnysalineix senwswn X V. TlosTomy nonpobusie Beknan-
Ki GYIYT MPOBOTHTECA MPeHWYWIECTBERRO 1A 3100 CAYHaA.

3.1 CoBMecTHBIe BepOATHOCTHBIE CBOlicTBa

TIpeskae BCero O3HAKOMHMCA € OCHOBHBIMH MOATHAMH i CHOCOSAMH Be-
POATHOCTHORO OMHCANNA COBOKYMHOCTEN CAYHaNHEIX BENWINH.

3.1 Murerpanbuas GyHKIHA pacupedesienus

Kax w g7 ool cny<aliHol BeNHHHHEL, CTATHCTHYECKHE CBONCTBA COBO-
KymHOCTH {Xu,..., Xn} MOMHOCTSIO oMpemenaioTeA cosmecmmott n-sepolt
unmezpansott ynwets pacnpedeneniix

Flanan...o) =P(Xs <t N Xa <N N Xa<za), (1)
PaBRON BEpOATHOCTH Mepeceveni coGBITHN, COCTOALLNY B TOM, 4TO MepBas

cnyvalina sennamHa X, MeHblle T), BTOPAA Tz W HAKOREL NOCISTH AR MeH-
e &, 3a9aCTYIO MOCTATONHO SHATH BEDOATHOCTHBIE CBONCTBA BCero BYX
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[image: image128.png]cnyswalineix senwsun X V. B wiOPMALNA O HUX COTEPXHTCA B HHTe-
rpanswolt byHKuUMK pacnpenenenua

Flz,y)=P(X <znNV¥ <y), 2)

paswoli BeposTHOCTH Nepecese cobsmuti X <z w ¥ <y.

yray|

BC c

X (x+Ax -X

Fig. 3.1
HAnioCTpauAA K BHBOOY BOPMYAN 417 NIOTHOCTH BEpORTHOCTER.

Buipasnu wepes F'(z,y) BeponTHOCTE, 470 B OIHOM W TOM Xe HCTEITARHH
cnywalinsie senwswne X w ¥ nomamawor 6 wwtepsans X € [z,z + Az),
Y € [y,y+ Ay). [nx 31010 BBemeM TpK chyualinbx cobbITHA

Ar{z< X <z+Azn y<Y <y+ay),
B:{X<zNY<y+tdy}, C:{X<z+AznV¥ <y}

Onw waobpasens: wa Fig. 1. Ovesnano, nexoman BeposTHOCTS pasha Bepo-
ATHoCTH cobtiTin A, a BeposTHoCTH cobsTit B, ' w nx nepecevenns BC
wanpamyto censanst ¢ F(z,y) (2):

P(B)= F(z,y+ Ay), P(C)= Flz+Az,y), P(BNC)=Flz,y). (3)

Halitem BepoATHOCTS oG benWHeR A NepesHcaeRKEIX cobsmt. Ha prcyh-
Ka BHIIHO, 4TO OHA PaBHA.

P(AUBUC) = Flz+ Az,y +Ay). (@)
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[image: image129.png]C nmpyroft cTOOHBI, M0 AKCHOME CIOKEHHA BEPOATHOCTEN, ¢ YHETOM Heco-
BuectrocT cobeiTiit A w B U C, wmees

P(AUBUC) = P(4)+ P(BUC).
[anee, cornacho Teopewie CNIOXEHHA BepoATHOCTEN,
P(BUC)=P(B) +P(C) -P(BNC).
Cnenosarensio
P(AU BUC) = P(4) + P(B) + P(C) ~P(BN C).

BLipass BepoATHOCTH B MpaBoll YacTH paseHcTsa. wepes (yHKUHH pacmpe-
nenestun (3), (4), npimeM K wcxowolt opuyne

P(A)=Plz<X <z+Azn y<¥ <y+Ay) =
Fla+Azy+2y) - Flz,y+ dy) - Flz + Aay) + Flzy). ()

3.1.2 CoBMeCTHaR IIOTHOCTH BEPOATHOCTEH

Halienwan seposTnocts (5) nonagamns & npasoyronswm A (cw. Fig. 1)
T03BONAET ECTECTBENHEIM 030N ONPETENHTE COBMECTINYIO TAOTINOCTIY SE-
PposmNOCTIEL COBOKYTHOCTH ABYX ClywalinsiX Bennnn. [leicTeTeNbHO, MAOT-
WocTs “epoTHocTHoM Macce” Ha mnockocTn (X, V), KaK n mnoTHOCTS A0
Goro sewectsa, paswa npegeny npw Az — 0, Ay — 0 BepoaTHoCTH MoMaTa-
wia (X, V) B mpavoyronow A, seneswoli Ha ero naouas Az Ay:

= lim A _
fey)= i reay =
lim FE@+ATY+AY) - Flay+ Ay) - Fle+Azy) + Fley)
andy-0 Achy .

T3 MaTeMaTHYECKOTS AHANH3A HIBECTHO, 4TO 3TOT Mpeen PaBeq BTOpolt chie-
wankoll npowssomolt F(z,y) Mo = n y. Taxww oGpasom cossecmMaz naom-
Hocm seposmmocmet] cayvaiinwr seauun {X, Y} paswa
P F(z,y)

Fady

Ee eue naseisasor Jsyreproli naomuocisio sepoxmmocmed.

flay) = ®)
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[image: image130.png]3.1.3 CrarncrHueckhe cpeanne

Buipasnu unTerpansuymo dynkunto pacnpemenenns cosoymwoctn {X, ¥}
Wa sasike cpexnmy Mo ancauGnro. To amanorwn < (2.2.9), F(z,y) paswa cper-
HeMy OT MpOH3BENeHHA eXHRHANBIX yHKUNH

Flz,y) = {0z - X) By -Y)). )
Jlndpcpepentnpys ofe 7aTH paBeHCTEA o T W Y, 2 3aTeM MOMENAB MOPATOK

chchepeRUNPOBANIA i CTATHCTHYECKOMD YCPEIHEHH A, NaNY M CpeIHes o
aHCaMBI0, pasHoe IBYMepHOH MIOTHOCTH BepoATHOCTEN

Hany) = 8(X - 2)5(¥ -9} ®)
OuesnanO: 0GOBLIEHTE 3TOND COOTHOILIEHHA HA COBOKYTHOCTS 7 CySaNKEIX
senwun { X, Xa,... X,} MaeT wx n-MepHyo MAoTHOCTE BepoATHOCTEN

(L o0 - - ®)

Sanice yHKUMH PACTPeNeneHia ¢ MOMOWBIO CTATHCTHYECKHX CPEmHIX
VO0GHA ANA BEIBONA MHOTHX BAIKHEIX CBOWCTB COBOKYMHOCTEN crywalHbIX
ek, Haliiem, K MpiMepy, KaK BHIPAXAETCA ¢ MOMOIGIO MIOTHOCTH
BeponTHOCTEN cpemHes N0 ancaMGai byHKHK §(X), Xy, X,). Cornacko
BEIKANIEIBAROUEMY CBOHCTBY TenbTa-(hyHKUMH

Xa) :/---/y(z,,zz,...,z,.)l:[ (X -z bz
- &

[T NN

(X, Xay

YepemHis 370 pasencTso Mo ancabo { X, Xz, ... X} W noven s wecTastir
ONEpAINH HHTENPHPOBAHHA H CTATHCTHYECKOTO YCPEMHERHA, BYIEM HMETh

(X Xy X)) =

/y(z,,zz,...,am)(l:[ S(Xe -z d'e = (10)
P =]

/---/y(z,,z;,...,1“)/(1,,11,...,z“)d"z.
2

B wacTHocTH, cpemes 0T ynKumH 18YX cnyvwaliHEIX BenWHH pasHo

x v = [f atey) fev)dsdy. )

Remark:  Gopyass (10), (11) AeMORCTHDYIOT raBHoS MpeHMyIIECTSO
IOTHOCTEM BEpOATHOCTEM NEpex HATErpaAnsHNMH GYHKUHAME pacnpedens-
Hus: 34as WIOTHOCTS BEpOATHOCTEH, MONKHO HANTH CpexHes m0BOH Gy KL
CAyHANHLY PemIYHH, BN UHCIA yrOMARYTEE HATerpans. B
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[image: image131.png]3.1.4 OGmue cBolicrna conMectnux byHKuuil pacmpe-
Aenenmst
YVraxem obuuwe cBoicTBa hyHKUNA PAcmpeNeneHis cOBOKYNHOCTH cny-

walinerx emrann. TIpeie Beero oTMeTHM, 970 KaK i NioGas BepoATHOCTE,
F(z,y) nomunnaercn nepasencraam

0< Flzy)<T. (122)

Bavern manee, wT0 ¥ < 00 ecto nocToseproe coStimne. Tostouy, o
nomws & (2) y = 00, Meny M 0IHOMEpHYIO bYNKUNIO pacnpenenenis cay-
watinoll senuanne X

Flay=c)=P(X <zn ) =P(X <z)=Fylz).  (12b)

Benexcrene paswonpasna X u ¥, cnpasennnso ananorusoe ToxzecTso

Friy), a2b’)

Fiz = co,y) (¥ <y

Beipaxasiee, Byecte ¢ (12b), CAOUICME0 COZATCOBTNNOCIIY UNIMEZPLABHIE
$yroyuts pacnpedenenus. EcTecTsenwo, 37H cBoliCTBA BEITEKAIOT H W3 oNpe-
senesus Fiz,y) (7) kax cratucrudeckoro cpenvero. B camom ene

Beo - X)=1.

Orcrom i us (7) swoss mpixomy K Toxmectsy (125).
Tonoxus o6a aprymenta Fiz,y) PasHEIMH GecKOHEUHOCTH, MPHIEM K
ewe omwomy obuemy coofictsy F(z,y):

Fa

)= P@)=1. (12¢)

00,

Haowen samerns, w10 (X < —00) # (¥ < —00) HemoaMoXHEE cOBHITH,
Gynewm wvers
F(=co,~0) = P(2) = 0. (12d)

Tlepescain o6ue caolicTBa coBMECTHON MIOTHOCTH BepoaTHOCTEN f(Z,3),
ommpascs Ha craTncrneckos cpeates (11).

‘BaMeTHM BO-MepBEIY, 4TO CpEIHES M0 AHCAMGIIO SHAKEHHN NIOGOH HeoTpH-
uarensrolt rywkumn g(X,Y) > 0 He Moxxer GuiTh Mebue nyns. C apyrol
<TopoHHl, Kak BHAHG W3 (11), AAA 37010 HEOGXOWMO W JOCTATONHO, YTOGHI
6bINa BCIOMY HEOTPHUATENLHON COBMECTHAR MNOTHOCTL BepoATHOCTER

fl@y)20. (13a)
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[image: image132.png]Cratncriueckoe cpennee dyRKuNT oxvore cnywaltnoro aprymenta g{X)
suipaxaeTcn pasencTsoM

(XN = [ s@ix(e)do.

B 70 e spew, cornacto (11), 370 cpemnes pasxo
(60 = ff gte) @) dody.

Ha nocnemwink meys pasencTs W MpowssonbHocTH g(c) cremyer, wTo

fx(z) = / flay)dy. (13b)

D70 u aHANOrHIHOE eMy paBeHCTBO

)= [ e (13)
BEIPAIKAMOT C80MICINE0 CO2ATCOBENNOCTAL COBMECTHEBIX AOTHOCTEN BEPOATHO-
cTeht. Hakowen, noncrasws 6 (11) g(X,Y) = 1, npunem k ceolicTay Hopuu-
POBKH COBMECTHON MIOTHOCTH BepoATHOCTEN

0= ] stoshasty

(13¢)

3.1.5 VcsoBHbe BYHKIHH pacupedesienus

Hanowmm, yenosnas seposocts P(A|B) nponssonswerx cnywalinsix
cobsimuti A w B pasna
P(4n B) 0
P(B)
Orcroma kak wacTHEIE ciywall BRITEKAeT ompeleneHne yCnoBHsIX (yHKumH
pacnpenenenin. B camom fene, BasbMen YCIOBHY K BEPOATHOCTS

P(X <aly<¥ <y+ay)

P(A|B) =

Toro, 4To B MANWOM WCTHITARWH cnydalwan senwwna X Gymer mewbue T,
NpH yenoswi 4To Apyran ciywaliKan senwsiwHa ¥ B TOM Xe HCTHITANWH Mo~
mager B wHTepBan [y, y + Ay). Cornaco (14) nmeen

P(X <zny<Y <y+4y)

PX <ely<¥ <y+dy) === ST

(15)
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[image: image133.png]BHamenaTent B MpaBolt 4acTH 3ToN GOPMYIB! BHIPAIKAETCA YEpEs KHTErPans-
Kyt byHKURIO pacTpeneneni cnyalinol sennamne ¥

Py <Y <y+4y)=Friy+ay) - Fr(y)-

Awanorwano  «twcnuTens (15) pasen PAsHOCTI COBMECTHBIX WHTErpanbHEIX
ymrumtt

P(X <2y <Y <y+ay)=Flany+ay) - Flzy).
TloacTaswe npassie wacTi mocneix sy pasencts b (15), Gymem nmers
Floyt &y) = Flay)

Frly+ay) - Frly)

Tpenen 370r0 Bapaenin npi Ay — 0 maeT yenoswywo byKumo pacnpe-
menenws cnywatinoli senwwwes X mpw yenoswn, 4to ¥ = 3

Floyt dy) - Flay)
i, Frly+Ay) - Friy)

Haliiem npenien npasolt 4acTh, A7 4er0 NOIENHM THCARTEND  SHAMENATEND
wa Ay

P(X <zly<Y <y+Ay)=

Flely) =

Flny+on)-Flsg)
— By
Fx(=ly) = fim, mirsyra -
a
Tobayce Tew, 70 Mpsen YACTHOTD paseH YACTHOMY Mpelenon H 3aMETHB,

10 MOCnEMHIe PABHE! MPOSBONEIM WHTErpAnbEIX byKuWH pacnperenc-
A

lim FE@y+8Y) = Flay) _ IF(zy)

s Ay
i Y8 - Fr(y) _ dfv(y) _
dim, Ay % -0

MPHIEM K OKOHYaTENEHOMY BEIPAXEHHKD A ¥CoBHON WHTErpansHol (yHK-
i pacnpenenenia cnysalnolt senwanns X
1 0Py
Rl o
Haliftem ycnosHyko mnoTHOCT BepoaTHocTelt caydalinol senwdus X,
npw yenosiw, w10 ¥ pasko y. udibepentnpyn (16) o z w scmosmis sbi-
paenwe (6) 1A cOBMECTHON NNOTHOCTH BEpOATHOCTEN, GyTeM HMeTh

Fx(zly) = 16)

fley)
rlely) =p © a7)
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[image: image134.png]TlonoGHo ToMy Kak ycnoswas BepoaTHocTs (14) obnamaer Beemin o
cBONCTBAMM 0GHINHOM, GeayCnoBHON, BEPOATHOCTH, YCIOBHAA MIOTHOCTS Be-
posTHocTelt (17) yaosneTsopseT Bcem ceolicTBAM 0GBIMHBIX MIOTHOCTeN Be-
poaTocTel. A wmenno fx(z|y) HeoTpuuaTensan by KA, TONHH AOWA-
ACA YENOBWIO HOPWHDOBKW 10 7. B MOCHenHeM HETDYIHO yGemnThCA, HHTE-
rpupy# obe wacTi pasencrsa (17) Mo T # BLTOMHWB CBONCTBO COFIACOBANHO-
i (13b') coBmecTHON MAOTHOCTH BepoATHOCTEN

= 7 fxtewde
P iy )

Kl T )

Remark:  OSparuw srumanne, uT0 yenoswas nuoTHocTs sepoaTHOCTEH
F(z|y) sasncut or asyx nepemennnx T n y. Onn nmeror npuAmEIMHATEHO
pasmuili cmeicn. FToSH MOTHEPKAYTE 570, T MAINBAKT GPIYMENMOM, A Y
napesempow f(z|y). Yemosmas maotmocs meposrHocTeli, Kax ¢ymxuna
aprymenTa, noI4KAETCA 0SuIMM CBOficTBAM nroTHOCTEH BepoaTHocTed. [Ta-
PaMeTph e yCuoBHON MAOTHOCTH BEPOATHOCTH BRPANKAIT yCAOBHA, NPH
KOTOpEX OHA ONpENENeRa, W M0 UM YC/OBHAA MIOTAOCTS BEPOATAOCTH HE
o6mana yaonnersopaTs yrasannsim caoficrsan. W

Mpumep: B navane pasgena (1.4), 10cBAUEHHOMS reOMETPHYECKOMY HCHH-
CNENHIo BEpOATHOCTEN, MEI OGCYIIHAIN 33Ta4Y O NOCPEICTBERHOM CTPEIKe, Ko-
Topsift HHKOTIA He MPOMAXHBAETCA, CTPENIAA O Kpy Mol MHLIEHH PATHycoM
R, Ho ¢ pasHoli Bo2MOXHOCTER MOMaaeT B NioGymo Touky smwenn. Cobsie
CTHM UEHTP MHIWEHW C HEHTPOM 1eKapToBOH CHCTEMBI KOOPNWHAT W Halltew
COBMECTHYIO MAIOTHOCTS BepoATHOCTel caywalinsix koopminar (X, V) Tou-
KH, kYA MOMATAET MpW OtepenHOM BHICTpene (HCMEITANIK ) MocpemeTRERHSIN
crpenor. Wz pasnoli BOIMOXHOCTH MOMATANIA B MHOGYIO TONKY MHWIEHT BEI-
TeKaeT, ¥To coBMeCTHAA NIOTHOCTS BepoaTHoCTel koopmuHar (X, ¥) mocto-
AHWa BHYTPH KpyTa paanyca R w paswa nymo se ero. Tpnew 1z ycnoswa
wopwuposku (13c) cnenyer, wTo BuyTpH KpyTa f(z,y) obpatHo mponopumo-
wanswo ero nnowanw 7 R2 Takuw oSpason

Flo) = o 00 =2 =) 09)

Haliziem ofwomepHIe moTHocTH BeposTHocTell koopmwwar X w V. B
CHAY CHMMETPHK COBMeCTHON MroTHoCTH BepoaTHocTelt (18) Mo X u Y, onw
ommaxossi. TT03ToMy OFPANHYHMCA MoCTpoCHHEM MW MIOTHOCTH BepoAT-
woctelt fx(z) koopanwars X. Cormacwo (13b), (13)

@)= VRS (). (19)
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[image: image135.png]Taxnu oSpasom, koopanwara X (a swecte ¢ neli 1 ¥), Hepaswomepwo pac-
npenenena swyTpH wHTepBana |z < R.

v

g

Tlocrpoetne onHomepHon (cnesa) W yenosHoR (cnpasa) nnothocreh
BEPOATHOCTE KOOPAMHATH X TOMKH NONAJAHMA B MHUIEHb NoChen-
CTBEHHEM CTPEnKoM. BHCOTA MepBol K3 HHX NPONOPUMHOHAN bH -
He BEPTHKANLHORO OTDESKA BHYTPH KDYTa, IpOSKTHPYIOUENOCA B Tok-
KY £, & BIOPAR NOCTOAHHA BHYTPH WHTEDBANA ~MPOSKUMH Ha oCb £
JAKIOUEHHORO BHYTDH KPYTa FOPHIOHTANLHOTO OTPE3KA ¢ BEPTHKANb-
HOM KOOPIHHATON .

Hanporns, ycnoswas nnoTwocts BepoatHocTelt fx (z|y) (17) nocronna
BHYTPH WHTepsana paspewenwix sHasewntt [z| < AT -3, a cam sror
WHTEpBAN Cy KAETCA € POCTOM MApAMeTpa y:

AR -2t )

fxlely) = =5 =

W -§

PHcyHKH, TOACH AOWHe MoCTpoeHie onHoMepHolt fx(z) u ycnoswott fx(z|y)
nnoTHocTel BepoATHocTel KoopawHaTel X mame wa Fig. 2. %

20)

3.1.6 HesasucHMbIe CTyalHble BesHIHHLI

Tycrs Teneps X u ¥ cratucruveckw wesasucuer. Tlo Teopevie ywroxe-
HUA 1717 BEPOATHOCTH HE3ABHCHMBIX COBHITHN, WX COBMECTHAR WHTErpanbHas
Y HKUWA PACNpE/iEneHH PALIATALTCA HA NPORIBEIEHHE HHTErPANBHEIX Pa-
Npemenentil He3ABHCHMBIX CAYHRNHBIX BENHANH:

Flay)=P(X <zn¥ <y) =
P(X <2)P(Y <y) = Fx(z) Fr(y)-
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[image: image136.png]Benen 3a wTerpansHolt Gy HKuHEH, MPOH3BETEHHIO ONHOMEPHEX MAGTHOCTEM
BepOATHOCTEN PABHA. i COBMECTHAA MIOTHOCTH BEPOATHOCTEN HESABHCHMEIX
cnywalinsix senwus. Takuw obpasom, ecnu X ¥ weaasucussr, 10

Flay) = Fx@) Frly),  flaw) = fx@) frly)- @)

B wactrocTH, kak suano otcrona n w3 (17), ecam X u ¥ nesaswcuvies, 1o wx
OIHOMEpHAA H YCIOBHAA MNOTHOCTH BEpOATHOCTEN COBMATAIOT:

Fx(zly) = fx(z)  (ans wesaswcwwmx X wY). @)

EcAi CTaTHCTHYECKAA HE3ABHCHMOCTS CAywaliHbIX BENHHH 3apanee ove-
BHa, o hopuryne (21) HaXomAT WX comMecTHEE (yHKUNH pacTperenenia.
Ecnn e ects coumennn b nesasucisioctn X n ¥, 7o (22) nenonsayror kax
TecT Wa ux HeaaBHCHMOCTS. B YaCTHOCTH, paccHoTpeNHEIE BEILlE KOOPIWHATS!
X # Y TOUKH NOMATAHIA B MUILIEHS NOCPENCTBERHEIM CTPENKOM CTATHETHYE-
K 3aswcHu, Mockonbiy Hx oomepnan (19)  yenosnan (20) mnoTHocT
BepoaTHOCTel pasnwunsl. TIpHMepsl COBMECTHEIX MOTHOCTeN BepoATHOCTEH
HE3ABHCHMBIX CRYFalHBIX BENHIHH MAHE HHIXE.

Npunep: Tycrs X u ¥ paswomepro pacnpenenens: s mnrepsanax X €
[2,8]# ¥ € [c,d). P70 awaunT, 4To nx omHOMEpHBIE NMOTHOCTH BepoATHOCTEN
pasws:

fxle) = bl - a) - Bz - b)],

frly) = 75z - <) - bz - d)].
Ecnn k Tomy xe X W Y CTATHCTHYECKH HeSaBHCHMBI, TO WX COBMECTHAA
MNOTHOCTE BEPOATHOCTEN PABHA MPOHIBENEHHIC YKA3AHHEIX ONHOMEDHEIX Be-
poTwocTelt. [lpyriren crosamw, f(z,y) MOCTOAHHa BHYTPH MpAMOY FOMbHH-
«a (z € [,b), ¥ € [c,d]) w paswa wynro swe ero. K

Tpunep: Tlycrs (Vi, ¥, Vi) npoekusn, wa ocn (2, 3, 2) nekaprosolt cu-
cTews1 koopmuHaT, cnywalifoli CKOPOCTH KBHXeHNs Monekyns raza. Ma du-
IWHECKHX Co0BpaKeNHH ACHO, YTO B MOKOAEMCA Fa3e YKA3AHHBIE TPOSKUNH
CKOPOCTH CTATHCTHYECKH HESABHCHME! W 05O AT ONHHAKOBOH MIOTHOCTHIO
BepoaTHOCTel f(v). A SHAYHT COBMECTHAA NMIOTHOCTS BepOATHOCTEH MPoeK-
it ckopocT (o503MaIM €8 (0, vy vs)) pasia

Plonvy ) = fo:) f2,) F(2)-

C mpyroft cTOpOHEI, B rase HeT BHITENEHHEIX HATDABNEHHN W (s, vy, vs)
HON:KHa GHITS HHEAPHAKTHON OTHOCHTENEHO MOBOPOTOR, TO ECTS TOMIAHA. 32-

BIOST /ML O BENUYHHEL CKOPOCTH MoNeKyYIIE b = /o2 + V2 + v}
o vy ve) = plyfol +of +03).
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[image: image137.png]OnemoBaTentHo, coBMECTHA MIOTHOCTS BepoATHOCTEH MpoeKuHH cKOPOCTIH
MoneKyIIE: 06A3ANa MOMIMAATECA (bYNKIUNOHAIILHOMY YPABHENTIO

() Floy) fiwe) = $OoT+ 0L+ 02

MoXHO MOKa3aTh, YTO pelleNWeM IAHHOTD YPABHEHWA ABIASTCA rayccosa
nnoTHocTs BepoATHOCTEH

f) (2%)

1 v?
(-2
Varot P\ T2

B
< npomsBonEHolt mucnepceti o, Vs craTHcTHwecKolt UIHKN HIBECTHA. cpes-

HAR KHHETHYECKAA 3HEPriA MOMeKyN rasa

00 2 4 4 o)

(23b)

Bnecs k -nocroswwan Bomouwana, m -wacca vonexyner, a T aScontoran
Temneparypa rasa. Takum oGpazon, Bxomauas & (23a) wcrepcus W rms
mpoeKuHi CKOPOCTH MONEKyN rasa PaBbl

L 7
2m " 2m’

o (2¢)

CnefioBaTENE O, OKOHYATENbHOE BHIPAXEHHE [inA COBMECTHON MIIOTHOCTH Be-
POATHOCTEN MpoEKIHH CKOPOCTH MONEKY Fa3a TAKOBO

.
() op (-t 4o7+eD) - (24)

Ono ussecTro 8 e mon Hassanwen pacnpedeaenix Mancaeana.

P00, 04 02)

Tlpunep: Tloneswsin man manbreliuero TPHEpOM COBMECTRON MAOTHOCTH
BepOATHOCTEN COBOKYTHOCTH HE3ABWCHMEIX CAYYANHEIX BENWYHH ABNAETCH
nnoTHocTh BepoATHocTel rayccosoll cosokymHocTH {X)..., Xa} ¢ Hynese:-
MH CPETHMI W OmHRAKoBEIMH micnepcrai oF. TInOTHOCTS BepoATHoCTEN

KA W3 WY N0 OTIENLHOCTH 3202eTC BEpaKenien (25.3). Mx npows-
BeleNHe TAET HCKOMY IO COBMECTHY 0 IVIOTHOCTS BepoATHOCTEH

aa) = (J;?a)“exp (-2; Zz:) . ()

Kax n Tpexvepoe pacnpenenenne Maxceenna (24), oo wHsapwantHo or-
HOCHTENEHO MOBOPOTOB MeKapTOBOM CHETEMBI KOOPINWAT {Ty,...,To} B 7
seprow npoctpanctee R". Yroe momsepknyTo 3707 bakt, nepemmen (25)

flzy,-
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[image: image138.png]5 BHme

@1y a) = alr), (26)

8 2
y'“(r):(\/;”) exp(—Q%)v LERVEE SR S0 S

3.2 @yHKUUM COBOKYMHOCTeH

B 3Tom pasfiene M1 yCTAHOBHM CBAI CTATHCTHWECKNS cBoficTs hyHKIH
COBOKYMHOCTEl CnyYaiHIX BENWSHH C BEPOATHOCTHEIMI CBONCTBAMM HCXOT-
Holt coBOKYHOCTH.

3.2.1 Murerpanbuas GyHKIHA pacupedesienus

YacTo B MPHKNATHEIX 3AMA9AX WHTEPECYIOTCH He Beell COBOKYMHOCTBIO
CnyYalNEIX BENHIHH, & NI HEKOTODON dy HKUWeH COBOKYMHOCTH

Z = g(Xy, Xay oK) )

K npimepy, B craTHeTHaeckol (bHIHKe BAXHE He CTONBKO COBMECTHBIE CTa-
THCTHYecKHe cBONCTBA MpoeKUKH cKOPOCTH Monekyn rasa (V;, ¥, Vi), ckons-

Ko BenHHNa cropocTH
NI @

Toxa e Kak HallTH WHTerpanbHyio hyHKUNIO pacnpefiencHi hyHKIHH
cnyvalinex BenHdHH Ha MpHMepe (BYHKUWH IBYX apryMeHTos

Z=g(X,Y). 3)

Hs onpeenesi (2.15) cnenyer, 4to wnTerpanswas yNKuus pacnpemene-
HiA cnysafinoll sennains Z (3) pasra

Fz) = P(Z <2) = {Blg(X,Y) - 2)). @

Baipasit BXOMALEE CHOMA CTATHCTHYECKOR CPElHE. Yepes COBMECTHYIO MIOT-
HocTh BeponTHoCTeR aprywentos X w V. Cornacro (1.11), (4) mmeew

P) = [f e dsdy. ®
&

Bnect D(z) sasucAwar oT 2 06nACTE WHTErpHpoBaKIA B MAOCKOCTH (T,y),
File BEINOnHENO HEpaBeHCTEO

Do gley)<z.

136



[image: image139.png]Tipuwmep: Pacnpenenennen Maxcaenma & dismice HazsBaroT He Tombko
TpexmepHoe pacnpenenenwe (1.24) npoeKuwH CKOPOCTH MoneKyn rasa BIOnL
ocell AeKAPTOBON CHCTEME! KOOPIWHAT, HO W OIHOMEDHOE PacTpeTeneHte Be-
nwstiwe ckopocTH Monexyns (2). Haltziew ero, omwpasce wa. Tpexmeprsit
ananor apuynes (5). Cormacwo ei wTerpanswan dywiums pacnpemenenns
cKopoCTH MonexynsI pasHa

Flo)= ///Y'(v,,v,,v,)dvvd”yd”t ©)
A

WHTerpany Mo BHYTpeRHOCTH Wapa 8, PANNYCa v, UETP KOTOPOrS COBMATAeT
© UEHTPOM [eKapToBOH CHCTeMEI KOOPIWHAT {Vy, vy, v,}. Tomcrasus croma
coBmecTHyo MoTHOCTS BeponTHOCTel (1.24) U Mepelin K WHTErpHPOBAHII
0 cchepHIECKI KOODHHATAM, CBEfleM WHTETPAN K OTHOKPATHOMY

m \E F m o\
e () [ or(-5e5) .

Jlndpcpepentinpys oe wacTn pasecTsa Mo v, Hllen MIAOTHOCTE BepOATHO-
CTell BeNMHHEI CKOPOCTH MOMEKYA rasa

r =z e (-5)- )

3necs ana ynoGcTBa anansa Aaa MOTHOCTH BepoATHOCTel GespasmepHolt
cKopocTH, KopmupoBaHKOH Ha rms (1.23c) MpOEKIHH CKOPOCTH B MPOH3BOIL-

oM Hanpasnenw
am

U=v 8

u z ®)

Tpadpuk pacnpenenens Maxcrenna (7) Geapazweprofi cropocth (8) Monexy-
61 raza nan wa Fig. 3. Owamw xapaxepaytor pacnpesenenne Maxcenna
(7) Tpesn pazHeIMm BenHHHaMH. ITo, Bo-MEPBRIX, CPEINAA CKOPOCTE

W= \/%Zul exp (-;) du= \/gz 1.506.

Bo-sTopaix, HamGones BeponTHas cKopocTs (Mona pacnpenenenins Maxcen-
na)

Umod = V2 2 1414

Haxonen pacnpenenentie (7) xapaxtepiayior cpednexsadpamiriott cropo-

cravio
Tu= 0 =vB=122
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[image: image140.png]Fig. 3.3

Pafnpe,menenue Makcsenna (7) Gespasmeptoh ckopocth (8) Monekyn.
BepTHKATLHIMH HHHAMH YKA3AHH (B NOPAAKe BOSPACTAHHA) MOTA,
CPETHAR BENHUMHA W CDATHEKBATPATHHHAR CKOPOCTH MOMEKYN raa.
BHIHO, 4T MEpeuHCNHHEE MMCNOBHE XAPAKTEPHCTHKM cnysaiHoR
CKOPOCTH He CHIIbHO OTAHYAIOTER APYT OF ApyTa.

Tipuwmep: Halimes nHTerpannyio byKIMIO pacnpelencHinn MaKCHMYMa
comoxymwocTH cnywalinsix senwam {Xy,..., X,

Z = max{Xi,.... Xa}.

CobiiTie Z < 2 SKBHBANEHTHO TOMY, 4T0 B TANHOM WCTEITAHIN Be BenH-
w1 {Xi,..., Xa} okassisarorcs wentwe 2. Cnemosatentio wekowas nHTe-
rpantan ykunA pacnpenenenna paswa

Ko< 2)=Fla..,2),

T F(23,...,Tn) COBMECTHAR WHTETpanbHaZ YRKIUNA PAcHPEnEneniin cny-
wafineix BenwHn {Xy,..., Xn}. B 4aCTHOCTH, €CnI OHN CTATHCTHWECKH He-
saswciy W paswomepHo pacnpenenenst & wnTepsane (0, 1), To

Fradl2) =P(X, < 2,

Faasl2) = 2", fumlz) =02 (0<z <), ©)

2 cpetes anavenne HaNGOLWEN 12 7 PABHOMEPHO PaCTpeleNleHHEIX Beni-
n

anw
&=

¢ pocTom n npHGnuNaeTen K exwnute.
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[image: image141.png]3.2.2 y™pacupemencnne

Ecrectaennoe oGobuente dopuyns: (5) wa n-veprsii crywali nmeet sug

PR = [ fon e )
A

BHaK WHTEraNa aech CHWBONNBNPYET NHTETPHPOBAHE MO Ti-uepHoll o6na-
1w D(2), rae BENonHENo HepaBeHCTEO

oo ) < 2. an

Tpuvenin popwiyny (10) 0 BevHCnenws WHTerpansHol dy KWK pac-
MpeTeneHHA W NAOTHOCTH BepoATHOCTeN cnywaliHoll BenHuHHE

v=3 1%, )

Tiie {X3,..., Xn} HE3ABHCIMBIE FaYCCOBB BN, COBMECTHAR MIIOTHOCTS
BeponTHOCTH KoTopsix samana pasewcTsow (1.26). B mamwon cnywae D Bry-
TPEHHOCTD 71-MEPHOMG WAPA. © UEHTPOM B HAYANE EKAPTOBOH CHCTEMBI KO-
opmkat {zi,...,Tx} W pamnycom /7. Tomsaynce cuumerpreli maoTHoCTI
seponTHoctelt (1.26), crement wTerpan (10) k oxwokpaTHOMY

Vi
Fus)= [ ) Su) b (13)

4

Buect WrTerpHpOSANWE BTETCR MO KOWHENTpHSECKM hepRYECKI CrIORM,
anemenTapHEl obseM KoTopsix pasen dV = S(r)dr, re S, mnouams m-
nepnosepxHocTH n-wepHolt ceptt paauyca 7. Mssectno, uTo oHa paswa.

Pk

) =5y

-1 (14)

B wacThocTw, < yeTon caoficTs ramvia Gy HKUHH GTCIONA. CAIEYIOT SHAKOMBIE
popuyaer nnomamw ccpepst 8 1D, 2D w 3D npocTpancTeax

Siry=2, Safr) 2

am?,

2, ()
Tpommdpcpepentmponas oe wacr pasewcrsa (13) mo y, watinem maor-
HocTo BeposTHocTel caywalinolt senwsmms ¥ (12)
1
2y

fulw)= #(/5) Sal ) - (15)
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[image: image142.png]Toactasws cooma AsHse Bopaxenns £a(r) (1.26) u Sa(r) (14), nonywnm
oxouATENEHO

1) = st e (=) @20 06
D70 pacnpemencHie WHPOKS HCMOMLSYETCA B MaTeMaTHYecKoll CTATHCTHKE,
Il OHO HOGHT HasBame ¥'-pacnipedeanix ¢ n cmenewamu coofodw. 3a-
T e, 570 oo ABRACTR A B ST Y3 POTpESTBMETORA WM
ramva pacnpegenentis (2.5.19). Tpadmiw mnoTrocTn seposTrocTel {16) npi
o= | n pasneix cTeneneli caoSoms: isoGpaxens: ma Fig. 4

i

Tpadmkn X-pacipenenenun ana pasHux crenened cobontd W npH

YacTael cnysalt mnoTwocTw sepotHocTelt (16) mpi n

! v
2o = s oe(-2%) )
MOXHO TPaKTOBATS KaK MIOTHOCTS BEPOATHOCTEN rayccosa WYMa, MPOMy-
lenroro wepes ksagparnunsili metextop (¥ = X?). Kowewno, snavenne
pacnpenenetun (17) He OrpaHHSHBAETCA THCTO HHIXEHEPHEIMH TPHAOXKEHH-
A, K Hemy MPHXONAT, HANDHMED, MPH H3YYEHHH KBAHTOBOMEXaHHUECKHX
XapTiwecknx cocrosnuti. B 3Tom cnyvae X Wrpaer pons cnywatinoli senn-
wuHs: BonHosolt (ywkumm, a Y = X? es nnotwoctH. Pacmpeneneswe (17)
NPHMERHTENEHO K calywalinol MIOTHOCTH XanTHuecKol BOAHOBON (yHKUNW
wassisaror Porier- Thomas distribution.

Remark:  Obparum smuvanne, 4o 5 cnywas n = | mroTHOCTS Bepo-
arnocTeit fu(y) umeer Secromeunyro ocobenrocts npuy = 0. Juan > 2
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[image: image143.png]>7a ocobeniocrs nponasaer. Bazes Toro, ¢ pocroM n IIOTHOCTS BEPOATHO-
creit fu(y) Bce cunsHee mpukmMaeTca K Hymmo B oKpecTHocTn y = 0. Pro
533280 Co CBOMCTBOM NEOMETpHH R-MEPHOTD MPOCTPAHCTSA, COCTOALIN B
TOM, 4To weM Goms L er0 PRSMEPHOCTS T, TeM GMCTpes yMeRbIASTCA 6ber
obnactelt ¢ ymensmentem nx AuAeiinLx pasmepos. ITpoTeMORCTpHpYEM 570
CBOMCTBO, HCCMETOBAB BOMPOC: B MPOCTPAHCTBE KaKOM PASMEPHOCTH BHIOI-
Hee beero nokymars anenscuns. ycrs 5 amobom npocTpaRcTse Tonmisa
KoMy psi ANETECHNA COCTANTAET OTHY JECATYI0 patiyca anenscina. Hasecr-
Ho, 70 obbew anemscuna pasuyca R 5 n-MepHOM NpocTpancTBe pasen

Va(R) = (” R (1)

Hafizem ornousenme osema MAKOTH K Momnomy obsemy anescana. Ono
pasmo

—

# waxcmwansso 8 1D npocrpascrse Ry = 0.9. B poawow 3D npocrpancras
MaKoTn cymectaenno mensue: R = 0.729. Haxomeu 5 10D npoctpancrse
Ruo = 0343, a awaunt oTsomente oSsema MAKOTH K OSbeMy ACero anemsci-
Ha npakTirecKH B 82 pasa Membie weM B 3eMANX Marasumax. Yutatenrs
nonesno sanommnTs Ha Gyayues, 970 B NpocTpaNCTSAX OteHs Gansimolf pas-
MepHoCT ouTH Becs oSnen anenscuna npHXOTHTE Ha ero Koxypy. B

Fig. 3.5
Haobpasenne oBnacth D, bepOATHOCTHAA Macca KOTOpOR PasHa HH-
TerpanbHoR GyHKUMH pacnpenenenta Fz(z) cymms Z = X +¥.

141



[image: image144.png]3.2.3 Pacnpeaernenne cymmbl

Tpuvenin opuyny (5) K HAXOXTeHNIO byHKUNH PACTPETENeHHA cyM-
MBI CRywaliHEIX BenHYHH
Z=X4+Y.

B mantow cnywae o5nacs D, waoGpaxennan wa Fig. 5, nexnt nuwsxe npavott
2= X +Y. CooTeercraenno, msofinoli nnTerpan (29) cromwres Kk MosTop-

Wowy N TerppoBanHto
/ [/ flay)dy| do

[lsdppepentnpys obe 4asTH PaBEHCTBA O 2, NONYYWM MAGTHOCTE BEPOATHO-
cTelt cymmaprolt Bennsnnsl Z:

Pz

B)= [ ez (1)

B 9acTHOCTH [UNA HE3ABHCHMEIX CIArAMEIX , COBMECTHAR MAOTHOCTE BEPOAT-
HOCTeN KOTOPEIX PACTAMAETCA WA NPOHIBENEHHE, OTCIONA. HMeeM

)= | @ e -z )

D70 anamenuTsIl unmezpan caepmi. (MepalN s CREPTIH HMEST MHOMD 06-
wero ¢ yumoxenten. Toatouy Gyem wenonsaosars hopiy 3amueH cepTRH
nnoTwocTell BepoATHOCTEH

f2(2) = fx(2) @ fr(2), (202)
Flle CXOHEI C CHMBOZIOM YMHOXERHA X SHAK § CHMBONHSHDYET CBEDTKY.
4
fix) A=)
Va
a2 a2 a2l

HAmocTpauma K noctpoenmio pacnpenenenua Camncona (21).
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[image: image145.png]Tipuwmep: Halines o popuryne (20) mnoTwocts seposTnocTelt cysvis Z =
X1+ X1 neaaswcumeix w pasnowepHo pacnpetenennsix b nnTepsane (—a/2,a/2)
Benwsmn. VX MI0THOCTH BepoATHOCTeN pasHs!

Lokl<ss

fle)= { i ki

Wuterpan ceepricn (20) B manwom cnysiae ymoGHo BeHCAATS rpacbuseckn.
Ha Fig. 6 usobpaxens: rpacucu f(z) u f(z - z). Buaino, 4To npoussenenne
s1ix bynkuuh, 5 cnysae 0 < |2| < ¢, 06pasyeT npAMOyTONLHKK BEiCOTON
1/a* w aawrott a — |z|. Ero nnowans paswa wekoviot fz(z). Tpw |2| > a

npawoyronswukw f(z) w f(z - <) we nepexpsisaiotcs, a fz(z) = 0. Tawuw
06pasOM, MIIOTHOCTE BEPOATHOCTEN CYMMBI HMEET Tpey ronbHyo opuy:

{rear sz @

f2(2]

Ee nworna nassisaror pacnpedeacwues Cusncona k.

Tipuwmep: Bsiswcmn, onwpasce wa dopuyns: (20), moTHocTs BepoaTHo-
CTW cyMMB! HeaaBHCHMEBIX CnaraemsIx

Ta= im, (22)

KaIoe W3 KOTOPEIX HMeeT SKCTONeHUNAnLHOE pacnpenenentie (2.5.9). 0o
amastiu 2a. f(t) mnoTHOCTS BeponTHocTelt cywmsl (22) 7 cnaraewsix. Owe-
BWIHO, WA, MOTTHHAETCA PeKYPPEHTHOMY COOTHOIEHHID

Fa®=fB8AE),  Al)=ver  (¢>0).

Bowity HeoTpHIUATENE HOCTH CoySallHEIX BENHANH Th, CBEPTKA. NDHAWWAET B

Fa®= [ A=)

TloncTasws crofa 3KCTONERUMANbHOE pacipenenenie fi(t), Gymem HueTn

fanr(t) = ue’”‘//ﬂ(z)eV'a.

TMoosepenno Gepa n = 1,2... , Hony i okoHwaTENLHO
0 g
A=y t>0). )
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[image: image146.png]Remark: OSparun saumane, o npasas wacrs pasencrsa (23), ¢ To%-
HOCTBIO 0 3amenn k HA 1t — |, COBNATAST ¢ Mpasofi HACTBKO COOTHOWIEHHA
(2.3.22). Taxum obpasow, rpacuxu ma Fig. 2.12 saoano apusrorca rpacpu-
Kawu nuornoctelf sepotrocreit (23). M

3.2.4 Tlpeobpasosanne pacupedesicHHH C IOMOMLIO
AenbTa-pyRKIHH

TIpw Waxoxenwun moTHocTel eposTHoCTeN hyWKUWH coy<alHEX Be-
AWK 9ACTO YI06HO MONE3OBATECA OMpEfeNeHHeM NIOTHOCTH BepOATHOCTEN
KaK CTATHCTHYECKOMD CpemHers oT nenta-byHKIt, W cBONCTBAMH fenbTa-
by, Hanpusiep wasectrolt dhopuynolt

(ke —a) ﬁ«s@ -“) . (24)

Hrtske Tass) MHWEpSI, MAMOCTPPYIOLLIE CKa3aMHOE.

3

Tlpurep: OTeluen MIOTHOCT, BepoaTHOCTEN nHHeNHON KoMGH At
Z=aX+bY +e

cnywaltwsix senwann X Y ¢ nnoTHocTsio seporTHocTe f(z,y). Owa pasia

F2(2) = (8(z = aX = 8Y = ) = [f 5z - 0z~ by = ) avy) dady.

HsGasumcn ¢ nomoupro nensTa-bywuwn o7 waerpana. no y. Hemonssyx
pasencreo

6(1—a1—by—c):ﬁ6<y—%)

W BEIKanbIBarOES CBONCTBO e Ta-dhy HKIINH, MOMYHM OKOHYATEMBHO

fale)= ";‘7 (=

Mpra= 1, ¢ = 0 ameen, Kak wacTHEll cnywali, gopuyny (20). H
Halitem aHanorm 4 BIM COCO50M MIOTHOCTS BepOATHOCTEN NPON3BEEHA
cnywalinsix senwswn Z = X V:

Fale) = /7 8z - a9)f (5,y) dady = /7 ‘175 (v-2) s@)dody.
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[image: image147.png]TlonbayAch BEIKANEIBAOINM CBONCTBOM, MONYYHM OKOHYATENBHO

7 \l\ ’(15) do- )

f2(2)

Tpunep: Hatinew ¢ momouwio (25) nnoThocTs seponTHocTel npowssene-
A HE3ABHCHMEIX FayCCoBBIX Benini X i ¥ ¢ HynessIMi Cpemuiumn W o-
Hakosolt ancrepcwett o2, B 31om cnyvae

1 24yt
)= gz e (55

a wwterpan (25) npunwmaeT sum:
pan P

o N g
f2e)= s [ow [-# (17+;7)] £
i

BarnAMYs B CMPABONHIK WHTETPANIO WK MPHGETHYS K YCIyra Mporpasvis:
MATHEMATICA, nonysuw

)= 2 ko (). )

3pece Kolz) monduunposansan dywkus Beccens 1oporo posa ynesoro
nopama. Jnn cpaskw ykaxen ee acHMmTOTHRN:

Ko(2) ~ In (%) (2 =0);

(2 -+ c0).

Tpacitk mnoTHoCTH BepoaTHOCTEN f2(2) (26) npi o = 1 waoGpaen wa Fig. 7.

Fig. 3.7
TINOTHOCTS BEPOATHOCTER NPOH3BETEHHA FAYCCOBIX Ny HaRHBIX BeNH-
“MH € HYneBLM CpETHHM W eTMHRHHOR AWCTepcHeR.
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[image: image148.png]Jlns MORWMAHWA YapaKTepHEIX 0cOBeHHOCTel MIOTHOCTH BepoATHOCTEN
npowssenenna Z = XY, ynowo paxrosats Z nunelivolt dywkunett ¥ oo
cnywaltns kosppumentom X. Mansie swaventin kosdprumenta X mopo-
KIAOT BeCKORENHYIO NIOrapHich MHYECKY RO OCOBERROCTS, MIOTHOCTH BEPOATHO-
cTelt (26) & okpecTHocTi # = 0, a Gonbuie X OTBETCTBEHHS 33 MemEHHoE,
B CPABHEHHH C rAyCCOBEIM Pacmpefenente, caante k Hymio fz(z). J

3.2.5 Pacnpeaenenne Croioenta

TIpHsemenr, [ MONHOTE KADTHHE, ellle i MIOTHOCTS BepOATHOCTEH 4acT-
woro caywalineix senwnn Z = X/V:

-6 (: - é)) = (VI5(X - V2.

Bripasis mocnelnee cpelfes fepes COBMECTHYIO MIOTHOCTD BepoATHOCTel
F(z,y) W nenonayx sEIKansBAROIES cBolicTO MERLTA-pYHKUNH, Mony W

f2(2]

()= | W Sz dy. @7

B cramwcTike Gombuyio porte wrpaet pacnpedeaenuie Crviodenma. Tax
Ha3HIBAOT MIOTHOCTE BEPOATHOCTEN YaLTHOrG

Xo

- 8]
e )
rre
= X1
\n s ¥ (29)
a {Xo, X1y..., Xn} COBOKYMHOCTE 7 + | HESABHCHMBIX rayCCOBBIX BEMHSHN

© HYNIEBBIMI CPIHIMH W OJWHAKOBEIMM TucrepcHabin oF. Hallzem HeKoMy®o
nnoTHoCTS BeposTHOCTEN Mo hopuyne (27). Wven mBumy, 4To wwcawTens &
(28) pacnpenenen o rayecy, a Takixe 470 | HeoTpHUATEnGHa, Momy M

a8 -52) e, o

3necs fu(u) nnotrocTs seposTHocTel cnywalinoli senmuwne U (29). Coor-
BETCTBYIOWYIO HHTErpanbHyio by HKIUHIO pacmpeNencHia Hal e, 3aMenns
BepxHii Mpemien WHTerpana cnpasa 8 (13) Ha y/nu:

Vu

[ ) suryar.

4

Fylu
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[image: image149.png][lndpdpepentmpys pasencrao Mo u, waliTew MIOTHOCTE BepoATHOCTEN

folu) = VAga(VAu) Salv/w).

Toncrasus coma ga(r) (1.26) u Sa(r) (14), nonysum okonvarensho

n /2 2
Julu) i(‘fii) w exp (—;7",) (w>0). 31

Towecrus mpasyio wacte (31) s (30), Gynew wmers,

fule) = \/: s )/u exp( 1‘"*’1))41“. 32)

Baswenmocte fu(2) oT apryvenTa z nerko ycTawoBNTs yixe cefivac, He BhI-
wncnan whTerpana b npasofi wactw pasencrsa. Ilowaen 370, mepelinn K
HOBOM MepeMeNHOH HHTErpHpOBAHHA

n + 2

B wrore nonywi

Brecs

o
Tocnemwuli wHTerpan ssipaxaeTcs Tepea rauma yRKINIO:

Ger(2tY).

TIoncTaBHB €= b NPTy liee PABEHCTBO, MONYHM OKOHYATENbHO

D10 Tak HasmiBaemoe pacnpedeacnue Cmviodenma ¢ 1 CeneNsM caobod.

Yiamew HexoTopsie XapaKTepHele ocobenmocTi pacnpemenenns CToro-
enTa (33). OHO YHHBEPCANLHO B TOM CMBICIE, 4TO He 3ABHCHT OT AWCTEPCHI
o? kommonent {Xo, Xi,..., Xo}, popuupyromux senwanny Z (28).

fal2) ®3)
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[image: image150.png]Tpw n = 1 pacnpenenenie CToiomenTa coBnamaet ¢ pacnpenenentien Ko-
wir (22.46), 2 ¢ pocToM 7 ACHMNTOTHECKH CTpeMHTCH K rayccoBoll MAOTHo-
cTH BepoATHOCTEN:

» (

Tpaduk pacnpemenenns Croromenta mpw 7 = & u mpementhoro rayccosa
pacnpenenenws (34) naoGpaen wa

lim )

34)

o

= =3

. 3.8

Pacnpenenenne CToioneHta npH n = 6 W npatenthoe pacnpenene-
He Tageca (3). Buano 4to rpadukh ovens Gausn. Cyuiectsentoe
OTAHE NOXANYH MWL B GoNlee MEINEHHO CNATAIOUIX XBOCTAX pac-

npeaenennn Croionenta.

3.3 OroGpakeHna COBOKYMHocTeH

Bawe ofcy xaent: caolicTsa onHol caysalinol senwsns Z (2.1), pasko
bymunn waSopa senwann {X1,..., Xo}. B npunoxennax Grisaet weobxo-
MO HCCnemoBaTh TPaNChOPMALNIG CTATHETHYECKHX CBONCT COBOKYTHOCTH
CcnywaliWEIX BENWYWH NPW WX OTOGPAXEHWN B LPYTYio coBokymHoCTS. Hexo-
TopHIE BOSHHKAKOUHE TPH 3TOM MONE3HbIE COOTHOWIEH A 05CY KIAMOTCA HIfKe.

3.3.1 BaauMHO-OHO3HAYHOE OTOGpasKeHHE
Jlnx ynoGersa Brknanok mepelew K BekTOpREIN 0GosHaTenWAM

{Xn Xa}y =X, ... . Yal=Y. {1
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[image: image151.png]Tyers maro oToSpaxente cayvalinoro exropa X 8 ¥
Y =a(X), @

3AaHKOE METEPMHHHPOBANKON BeKTOpHOMN by HKuWel

y=alz): {n=a@.. oo =anlon. )l (3)

Eyiem 17 ONpeleneHHOCTH CHHTATS, ¥To oHa. Beroy Andihepentupyena,
PaBeHCTBO (2) OCYIECTBIAET B3ANMHO-OTHOIHANHOE OTOGPAXENWE OGNACTH
0, soawoxneIx anavennti X wa.o6nacte (2, soavoxHsix awasenm ¥, Taxoe
T cymecTayer oSpatoe Auddpepenumpyesioe oTobpaxente ,

X =B(¥). @

Jlns 3Toro neobXomuvo W 0CTaTouHo, 4TG5 BCIOAY B {2, G5 oTNEN oT
Wynn W orpanwven akoSwan oTobpaxenta:

<)l <o, ]
re
EN o8
B
Jy)=det) ®)
LN £y
E R ~

BuicHist Kak BHIPAKASTCA COBMECTHOX MAIOTHOCTS BepoATHOCTelt fy (1)
cnywalinoro sekTopa Y wepes coBMECTHYIO MIIOTHOCTS BeposTHocTel fx(z),
KoTopyio Byem cHTATH HaBecTHON. [N STOro HalifleM CTATHCTHYECKOS
cpewes o1 pynrcunt g{a( X )), rne g{y) npossontKax byHKUHA BEKTOPHOTD
aprymenta . Cormacwo dopuyne (1.10) nweess

{o(a(X)) = (oY)} = [ of
4

Nix(z)d'z. @

Tlepefizin K HOBEIM MepeveNHEIM HHTETpUPOBAAIA

¥ ) e ==5)

W 3aMeTHB, 4T0 3NeMeNTapHEIE 0B BeMB! MpeolpasyIoTCA MO MpaBMNY

o= |Jy)ldy, ®)
Gynewm et
[Ceg)] =/y(u)/x(ﬂ(u)) Vw)ldy. ®)
L4
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[image: image152.png]C apyrol cTOpoHE!, To Xe camoe CpelHee BBIPAIKALTCA Yepes COBMECTHYIO
MAOTHOCTE BepoATHOCTH fy(y) caywalinoli cosokymrocTi Y pasescTsom

) = [ smm ey
Gy

Cpaswusas ero ¢ mpembIyUEM W yHTEI-
BaA MPORSBANBROCTS G(y), MPHXOINM K HCKO-
solt popuyne, coASHIBAIOEN MIOTHOCTH Bepo-
ATHOCTelt cnywalinix BekTopos ¥ w X

Hrl) = IxB@) VW 00

Tlpumep: Tlocrasus THIHWHYIO anA WHXe-
HEpHEIX PHIOKEHHH CTATHCTHYECKYIO 32125y,

Fig. 3.9

Tyers Z = 4V’ kowmnexcroe wncno, peans-  IAMIOCTPaUMA & Wecnegosa-
WHio CTaTMETHKN KoMnneKc-

HaA W MHHMAA 92CTH KOTOPOTO PaBHE!

Y, 1y

Horo 4wena Z.
u

X+4a, V

roe X w ¥ raycoose BenWNHE C HYNEBSIM CPETHUMW W ONWHAKOBON AHC-
nepewelt 0%, a @ meTepuWHWpOBaHHAA Benwunna. Ilo TeM WAW WHEIM (u-
IMUECKHM WIN HHIKEHEPHEIM C00GpAKEHHAM OBKITHO YIIOGHO MpefCTaBNATE
KoMTIeKEHoe W0 B BKCToeNIIANEHON popue

Z=Re®.

roe R abcomotwan semwinwa, a § aza cayvalinoro wncna Z. Tpebyer-
Mo nasectwoli craTweTHKe cosoymHocTn {X, Y} onpesennTe naoTHocTs
sepoTHocTel A B.

B nanwow cnywae orobpaxenme mnockoctn (X, V) wa obnacte soswox-
weix awavennti {R € (0,00), ® € (=, 7)} samaerca napolt dynrumtt

T=reosy—a, y=rsing (12)
© AKOGHAHOM

J = det sy —rsing | (13)

sing reosy

Tyere f(z,y) cosmectwan mnoTHocTs BeposTHocTet semirui {X, Y.
OBoswavny mnoTHocTs BeponTHocTe cosoxymHocTir {F, §) sa w(r). s
(10), (12), (13) cremyer, wro orw csAsans pasercraom

%) (4)

(i) =7 fr cosp = ar
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[image: image153.png]TloacTaBHe Ciofa MNOTHOCTD BEPOATHOCTEN HE3ABHCHMBIX FAyCCOBBIX BEMH-
wnw {X, Y}

1 2 +y
fo) = e (525
oy oxoRsaTenEHO
T 2 + ¢? = 2ar cosyp
)= g enp (TSR] (%)
re(,00), y&(-mm).

OGcymnyt coolicTsa Halinenworo pacnpenenenis. Tlpn a = 0 owo pacna-
HaeTes Ha npowssenente peacesckozo pacnpedeaerus R

lexp(-i), »>0, (16)

ot 207

wn(r)

W pasHowepHON MaoTHOCTH BepoATHocTel B

w.,(y»)z;r, pe(-mm) a7)

Taxiu obpazow, npw @ = 0 abcommoTHas BennvmHa i pasa KoumnexcHorD
ancna Z (11) CTaTHCTHYECKH He3aBHCHMEL.

wir)

Fig. 3.10
Tpaduin obobuentoro pacnpesenciun Penen npu o = 1 W pasHix
OTHOUWEHHAX CHPHANA K WIYMY.

Ecom a # 0, 70 R n & okassisaroTcs saswcHMEIMH, 2 W MAOTHOCTH Be-
posTHOCTell cymecTsento TpancopumpyroTca. Iokamew 310, Bsrmcams
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[image: image154.png]omHoMepHEIe noTHOCTH BepoTHOCTEH R w & npw a % 0. Hwterpupys co-
BMECTHYIO I0THOCTS BepoaTHocTelt (15) Mo paspellenHbIM sHavent AW pasel
W nambayacs TabaHansIM WHTerpanom

1
oS de = 18
=] ()
rite To(2) womndpuunposannan dywiuma Beccens Hynesoro nopaaKa, Gyaem
e .
" 24 d ar
wnlr) = Zexp (- o~ )In <.71) . (19)

D1y nnoTHOCTE BepoATHOCTEN WazsIBAIOT ofobuennA pacnpedeacruent Pe-
ez, Ero opa sasHCHT 0T GepazmepHoro MapaseTpa s = afo, KoTopsik
B HHKeHEpHEIX MPHIOKEHHAX TPAKTYIOT KAK OMINOUIENNE CUZNEAL K UYMY.
Tpacpik mnoTHocTH BepoaTHocTel (19) npw paskeix s mans wa Fig. 10.

W 0)

o

R 1 B

Fig. 3.11

TTAOTHOCTS BEPOATHOCTER (st KOMINEKCHOTO YHENA Z ANA PASHEX
oTHoWeHHR cATHana K wyMy s = afo. TIpH s = 0 oHo Bpoaa-
etcn B pasHomepHoe, a ¢ pocto |¢] bce Banee cocpetoTatHBaeTeR b
oKpectHorTH p = 0.

TTpocnemi Teneps, KaK MEHACTCA ¢ POCTOM 5 IGTHOCTS BepoATHoCTel
cnywatinoli azsr §. Hrrerpupys (15) no scew 7 > 0, monysms

wly)= pe [1 +J§ze (1+ef (7;))] (z=scosy). ()

Tpadpmin 370ro pacnpemenenns npisesens: wa Fig. 11. %.
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[image: image155.png]Tlpusep: Bo MHOTWX MPHNOIKEWAX BAXHO 3HATH, KAK MpeobpasyioTCH
NAOTHOCTH BepOATHOCTEN MpH NWHEHHSI oTOGpAXENHAX caysalHEL Beni-
e

HIH B BEKTOPHO-MATPHINBIX OGOSHANEHHAX

Y=AX (A= fasl)- @)
Ecnn aetepuunant warpuisl A He paser Hymio, To WheeTca o6paTHoe oTo-
Gpaxenne

X=BY ()

rae B obpatian k A marpuua. TTpw 3Tom feTepmuHanT obpaTHOro 0TOGpa-
xenwn (6) BRONY OIUHAKOS W PaseR MeTepMHHANTY WaTpHIE! B, 2 popmyna
(10) npwobperaet sna

frly) = fx (By) [det B & (23)

3.4 Koppenauum cnyyaiHbIX BeJIHYHH

Tyers X n ¥ sasucumsie cnysatinsie senwanmsr. Tumwansih ans uroro-
“nCnenwBIX MpHoXeHWH BoMpoc cocToNT B cnenytouten: Moxwo nw, o wa-
Mepenmoli BenimHe X, MPelcKa3aTs, Kakoe SHAEHHe B TOM e HCMBITAHHH
npuver ¥, wemonsays saswcnocts ey wiv. K coxanenmio obsivmo He

CYWECTBYET IETepMHHHPOBANHON CBA3H MEXIY WCCAGTYEMEIMH cnywalHel-
M BenHIWHAMK. 3ABHCHMOCTE MEIKIY HWMW MPOABIACTCA CIRAMUCTIUNECKY
W BMIpAXASTCA TeM, 4TO WX COBMECTHAN MNOTHOCTL BeposTHocTell f(z,y)
He ACMANAETCA HA NPOWIBENENNE MIOTHOCTEN BePOATHOCTEN KAXMON U3 Be-
nwaun Mo oTgentrocTH. Tew He MeHee WHOTMA YMAeTCH MoGoGPaTE TaKyI
HeTepuHHpoBaKHYIO yHKUNIO 7(z), 410 BeMoMOraTenbHAR oy alHAR Be-
nwana Y7 = p(X) [0BONLHO X0pOWO MPOTHOSHPYET WCKOMYID BEMHWHHY
Y. BuGop noxonsuet bykuni (z) CHIBHO 3aBUCHT 0T KOHKPETHBIX cO-
BMecTHEIX CTaTHCTHeCKIX cROfiCTE coBokymHocT (X, V). TloaTomy monpos-
HO OBCYINM 3ech JIMWE BOIMOKHOCTE AUNELNOZ0 NPOZNOIUPOSINIR, KOFIA
HCKOMYIO ¢y Rl Y 10 BenHaHHY ¥ AmMpoKCHMUPYIOT Niweliol dynKkunel

Y =aX+b, U]

BEIGHPas @ w b Tax, 4ToH cTana MUHHMANGHON cpednexsadpamuHes ousb-
™

=y =Y. @

BosHHKAIOUIE MPH PELIEHH 3ATAYH THHEHHOTD TPOrROSHPOBANT A BAXHEIE
ORATHA TEOPHW COBOKYMHOCTEN CayYallHE1X BEnHHHH 0By XIAOTCA HIKe.
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[image: image156.png]3.41 Koppensuma u KoBapHamps

Tpesne scero nogcrasuss npasyio wacrs pasencrea. (1) s (2)  packpoest
oy wesos cpemes
(Y —aX — B = R
= (¥ +a3(X?) 4 B — 2a{XY) - 20{¥) + %B(X)}. ®
TToMMMO yiKe WIBECTHEIX MepBEIX [BYX MOMENTOB CoyaiEx Beamsns X 1
¥, cioma BXOAHT CTATHCTHYECKO® CpefHes

9= [ e ety @

nponasenenwa X w Y. Ero wassiator xoppeasyueds cnysalineix senwann.

Munwwanshoe sHasenme cpenmexsanpaTHnol owmGkw (2) Halizew, pe-
LUK Mapy YPaBHEHHH OTHOCHTENBHO & i b, BEITEKAIOWNX 3 YCIOBHH 3KCTpe-
srywa dymrcum (3):

e Bt al{X%) + (X} = (XY},
{87' ' E'} A { a{X)+b=(¥).

Orcroma wmeem:

w, b= (V) —aX). ®)
Bnecs wenonKa08aNG yixe 3HAKOMOE 0GO3HANEHWE AHCTEpCHH X
= (X = (X7 = (7).
Ocobore BHWMaRNA 3acayKHBAET SHCTHTENS BpAXenHa Ana a. Tlonos-
WO AWCMepCHt, ON PaBeN KOPPENAUNH crywaliwsix KounoenT X 1 ¥
Cov(X,¥) = (XY} = (X}¥} = (X - (XY ~ (¥ = (XV). (6

Tostouy, o ananorww ¢ ancnepenedt (variance), Cov(X,Y) nassisaror wo-
sapuayuet (covariance) cnysalineix senwsnn X n V.
Toncrasns (5)  (6) & npasyro wacts (3), walinem srusansHos awasenne
cpemHexBATpaTHUHON O HGKH.
ming® = o%0? (1 - ) . @
Crona BxomuT Geapaswepras senwwima.
_ Cov(x,¥) _ (XP) ®
T we, 0Ny :
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[image: image157.png]wassmaeman wooguyuenmont oppeastuu X w Y. Ma neotpruatenchoctn
£? cnemyer, 4T0 Ko3(HUNEHT KOPPENAUNH NEXHT B Mpemenax

—1<p<. )

Ha (7) suawo Takixe, 9To vem Gonbwe o aScontoTHoN BeHuNHE Ko3d-
HIUMENT KOPpEMLALINH, Tew MeHbIE, TPH BUKCHPOBINHELX 0y 5, OWINEKE
nunelinoro nporwoauposasa (1). Taxwu oSpazow, koacdpumenT Koppens-
WHH KONWYECTBEHHO BRIPAXALT CRRenend AUNEHNOT 3QSUCUMOCTIY BEIWTHH
X n Y. Tpw p= 0 owa npomagaer sosce, a |p| = | ozwasiaer, wro wemay X
# Y HMeeTCA IeTEPMUHHPOBAHHAA NUHEHHAR 3ABHCHMOCT.

Jlobasuy ewe, 40 ecam p = 0, To cny<atinsie senwsnns X n ¥ nazsisa-
10T HewoppeauposantaLaL, B MPOTHENOM CIIytas NN ABIAIOTCH ROPPEAUPO-
sawmaais BenwanHanK. (MEBWINO, CTATHCTHYECKN He3asHCHMBIE cnyvalinbie
BenmunnEl 3201H0 1 Hewoppennposansl. OGpaTHoe BooSie roBOP He BepHO.

Fig. 3.12
Cronap peanusaun (X, ¥) W rpadmk nusun perpeccn (1) 6 cnysae
PABHAIX JHEepCHR CHIHANA W YMa.

Toncrasis (5) 6 (1) w yswTeiban onpenenente Kosdxpumenta Koppens-
i (8), 3aMHuew ypasHeRTIE ONTHMANLHOTD AHHEHHOTD MPOTHOSHPOBANKA &
OKoHYATENbHON (hopUe, HAMNANHO BIPaKAIOUEN €ro CyTb:

, - o =

V=t Zp0x - () = )+ 2 09)
TepBoe cnarassioe cpasa mpemcTasner coSolt Kax 651 “Hyznesy 1o HTepamio”
NHHENHOTO MPOTHOSHPOBAHH A, COMIACHO KOTOPOH MPOTHOSHPYEMOE SHAMEHHE

Y’ MPHHHMASTCA PasHEIM cpemHemy oueHHBasMol cnywaliHol Benmime V.
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[image: image158.png]Bropoll unen KOPPEKTHYET HYNEBYI HTEDAINIO ¢ YHETOM KOPPENAUNH Me-
sy X u V. Tpaviyro, sananwyio ypasweswes (10), Haswisasor ausueds pe-
epeccuu ¥ ma X.

Tlpusep: Cchophynipyem XapakTepHY® 1A WHXKEHEpHSIX MPHAOKEHHH
2agavy nuwelinoro nporwoanposamis. Tyet ¥ (coywafinsif) curwan, wo-
Tophilt HAmo w3MepHTH. B mpotiecce MpHeMa CHIHAN HCKAXAETCA, TAK 4TO B
HeficreTentHoCTH HaMepARoT cvech X = ¥ + N curnana w wyma N (noise).
Tpebyercs otiennTs 2Hasente cHrmana o wasiepennoft senante X. Obsrno
WCTONHHKH CHIWAZ. W WY Ma. PAZMAHE, I WX MOKHO CHUTATS HEKOPPEAPO-
sammemmn. Kpose Toro, He orpamwamBan oSWUHOCTH, MPUMeN cpemHie cur-
Hana W wyma paswsivi Hymio. Torma ypasHeRWe oMTHMANEHOTO NHHEAHOTD
nporHoIHpoBaKHA MpHMET B
2
v=-2_x, an
olto?

roe o mucnepena curwana ¥, a o mwenepena wyma N. Ha Fig. 12 kpyx-
Kauw waobpaxens Toukw Ha miockoctw (X, V), monyvennsie remepamwelt
cTa rayccossix cnywatineix wwcen {Y, N} ¢ Hyneseiw cpemsnM  eqnRmaHON
awcnepereli. CooTeercreyroman nporpamsa MATLAB raxosa:

P randn (1, 100) ;

P randn (1, 100) ;

2> plot{y*n,;

>> hold on

3> y=linspace(-4,5);

> plot (y,y/2)

Tau e nposefiewa Mpavan NUHeNHOTO MPOTHOSa, 3ATANHAN B JaHHOM
cnywae ypasnenmen ¥/ = X/2. Kk

Tlpurep: Bossven cnysafinbie senwme

X=

nd,  V=cosd. (12)

Onw ecTio carsans ypaswenmen X+ Y7 = A% Tew ne wewee

=0 = =0

W nuHeliEIl MporHo3, cRomAwMNCA 3Mecs K pasenctsy Y = 0, monKocTso
neadpexcTiBen. DToT bAKT KOHCTATHPYIOT, rosops, WTo cnyvalinie Bemn-
e (12) cmamucmuecky sasucua Ho wexoppeauposa. K.
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[image: image159.png]3.4.2 Kosapuaumonmas MaTpuia

Me1 MpHEM K ellie OHOMY KIKGHEBOMY MONATHIO TEOPHH BepOATHOCTEN,
WECHey R AHCTEpCHTo NN HON KOMGHRAIWN ciySalHEIX Bennann

a3)

Bnecs w manes {ay,...,a,} waBop aeTepumHMpoBaNHEIX KoadxbrumenTOR.
[ucnepcun ¥ paswa cpemmeny Keampary nuwelinolt kovGunauww (13) cay-
wakinsix cocTasamowmx X;

DIy’

<(iaﬁ‘)1>. ()

Tlonsayach Tem, 4To cpeaHes CyMMBI PaBHO cyMMe CPETHHX, & TAKXKE onpe-
nenexiem kosapiainn (6), sammwen (14) 5 sine BoliHol cyvmst

% =ii,m()?n)?,)a‘a,- ()

B wrore w1 npuwan k keanparnanolt hopvie koapcpmmentos {ay, .., az}.
Fe HaseiaioT noacocumensro onpedeaentotl, TAK KaK OHa HeOTpHIATENb-
wa nna mobex {ay,...,aq}. Kosdmuwenter keanparwarofi dopures (15)
0BpasytoT RosTpUONNYI0 MIMPUY

C=

|0 e = Cov(Xi, %) = (XK. (16)

fes

Ha ee fwarowanw pacronoxes mucrepcu senwsn {X,,..., X,}, a cava
MATpHIA CHMMETDHYHA. B CHIY OWEBHIHOMG CBONCTBA ee 3nemenTos (16)

ey =axi- )

Benen sa ksanpatwinolt popuolt (15), Kosapwatwonryto marpiuy (16) Tax-
Ke HAIHIBAROT norcoCUTREADHO Onpedennot.

BaMeTHM B 3aKMOHEHTe, IO CAM KOMMOHEHTS! BekTopa X HeKoppeni-
poBaKEL, To ecTb ecni Bee

Cov(X:, X)) =

G #3),

To AHCMEPCH A CYMMBI OKA3HIBAETER paBHON
D[¥] =} af DIX;].
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[image: image160.png]YKaen BAKHOE 17 NORHMARHA ANbHeHIIErD CIETCTBHE TOND COOTHOME-
HitA, BITERAMeE MDH Beex oy = 1: JUCHEPCUR CYMMN NEROPPERUPOSINNNE
Cayuativnur seauun pasne cysme Jucnepcutl caczaemas:

D[ZX‘] =X DIxJ. (18)
= =
PaHes ME1 YCTAHOBHAH, YTO CPeflHee CyMMBI CyYalifEIX BEMHYNH PABHO CY M-
e wx cpenmix. Temeph BEIACHWIOCK, Y70 MOTOGHBIM aMevaTenBHBIM CBON-
TBOM 0GNANAET W AWCEPCHA CYMMBI, HO ZIMLIL HEZABHCHMELX CIAraeMBIX.

3.5 3Baxon Bonbnmx Yucen Revisited

B pasnene (2.4.3) yxe o6y xmanca 3axon Bonswmx Uncen mpivens-
TenbHo K BepoATHOCTH MpoWIBOMBHOTG cobsiTHA A. B Gones wmpokom mo-
HUMANWI 3TOT 3AKOH ABIACTCA OIHHM 3 (hYHIIAMEHTANGHBIX 22KOHOB, 0Gb-
AcHATOWNY camste paznooSpasneie menenwa. Tak o CHHMAET MpoTHBOpeHHe
MEKIY Xa0COM MHKPOCKOMHYECKWX [BHKEHHH MONeKyn okpyXarued cpe-
51 W BOIMOIXHOCTEIO ONHCATE €2 MAKPOCKOMHYECKoS MOBETENHe AHHAM e
KM 32KONAMH, HANPHEP Y PaBHENHAMH rasomHHaMHKH: XoTs oTIenbHEIe
YACTHUEI ra3a WMeRoT Cy YaliHble CKOPOCTH, OAKE 0YeHb TOUHBIE HIMEPEHH
Hasnesws P rasa faroT BIONKE onpelenenHsie, He c1ywaliNbe, aHasenwa P.
BameTunt, Ha 3ape CTaNOBMIEN N DHINKH BOIMOKHOCTS HIMEpEHHA TABIEHHT
HCMIONIE308.1aCE KAK HEOMPOBEp KHMBIN APryMeNT MPOTHB MOMEKYAIAPHON Te-
opun cTpoent Bewectsa, W miun 3axon Eonsumx Yncen paccraswn sce wa
CBOW MecTa, MPHMHPHB MONEKYIAPHYIO TEOPHIO ¢ ra30MHHAMHKOHN H Py PHMH
<IN AECKHMIK TEOPH AMM, 3y HAROUNMH 3AKOROMEPHOCTH MOBETEHI CIOU-
wex cpen,

B npemeiyiem pasienc w1 BBIACHIAN, T QHCMEPCHS CYMMEI He3aBHCH-
MBIX ClywaliHEIX BENHSHA PaBHa CyMMe crepckli cnaraemsix. Tor dakt
W oKazanwoe WHKe epasencmeo YeSwureae MoaBoNAT aaTs Gones OBy
popuyamposiy 3axowa Bambuwmx Hncen.

3.5.1 Hepanencrso UeGLumena

Mexay awcnepcneli cay«alinol BENHYHHE H ee MIOTHOCTBIO BEPOATHO-
CTelf WMeeTCA BAXHAA CBA3D, BHIPAXEHHAA HepaseHcTBOM UeSbiesa
Ee)
HEDEES 0!

Joxaxem ero, cantan X HenpepsisHott cnysaliNoll BenwsHolt ¢ HHTerpUpY-
ewmolf B OBBITHOM CMEICTE MIOTHOCTSIO BepoATHocTel f(z). BameTiy omHaxo,
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[image: image161.png]“To mokazaTenbcTso Merko oobuNTE WA MpowBonLHEIN caywal, s Gl
cpeanmii keampar X Gsn orpawsen: {X%) < co.

Fig. 3.13
HANIOCTpAUAA K AOKA3ATENLCTBY HepabeCTEa Yebhiliera.

Tlo onpenenerHio, CpexHHtl KBaIpaT cayyalinoll BNHYHKE! paseH

(X% = /z’/(z)‘iz.

Pasofe oce wHTerpnposanns wa nnepsan |z| <& w obmactw, e [z| > e

ot = [ P r@ds+ [ o fie)ds.
|vlze -
BameTuw manes, 4To U3 HeoTpHATnLHOCTH f(z) W T cnemyer, uTo

[ @20,

a awasr
o2 [ 2.
|vlze

B c60i0 0tepeis OCTABWNNCA WHTErpA YIOBETROPAET HEpABEHCTBY

[ @reeze [ rea,

Ii2e 2

nockonsicy mpu 2| > & wa? > &? (ew. Fig. 13). Taxuw oSpazow seea npwwnie
« HepasencTay

ESEr O

Inize
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[image: image162.png]OBpaTh BHHMANWe HA BEPOATHOCTHEIN CMBICN OCTABUIErOCH WHTErpana:

[ 1@ a=rp(xI2e).

2

O pasen bepoaTHOCTH, 4T0 Momyb X Gonbue waw pasen &. Cneosatentio,
NMpemsIIyIliee HEPABEHCTBO SKEHBANEHTHO HepaseHcTey YeGsmesa (1).

B Teopun BeposTHOCTell WiPOKO WEMOMKAYIOT HepanencTBo YeSbimesa.
B wrolh hopue. A HMenHO, oT X MepeXomAT K caywaloll KommoHeHTe
X = X = (X). Cpenwnh keanpat nocnenweli pasen aucnepcun X, a sHaswT
nepanencTBo YeStilena woxHo MepenicaTs & BHTe

o

Plx -z < S

@)
Taxiu oSpazom eeposmNocTID OMEAONENUR TPOUISOADHOT CAYNENOT se-
s X om ee cpednezo wa seaainy, Goavuypo €, e npeswuiaem ee
Jucnepcuy, deaennoti na g2,

3.5.2 3axon Bommmx Uncen » dopme Uebuimena

Hepasencrso UeGtiliesa nossonser qaTh MpocToe W MOBOMLHO YHHBE-
canbhoe fokasatenscTso Sakowa Bonbumy Uncen, ¢ YACTHEIM coyHaeM ko-
TOPOTO MBI YXE CTANKHBANNCE B PAMKAX CXEMEI HE3ABHCHMBIX WCTBITAHWHH
Bepuynan. Ccpopuynupyes 3akow Bonswix rcen s opsie Teopems, 13-
BecTHON Kak meopema Yebnuese:

Teopeama: Ecaum {Xy,..., Xa} nocnetosarensrocrs BsammHo Hesasscs-
MBX CAyuaftHI X BETHIHH C OTHHAKOBN MH HCIEPCHAMH 02 < 00 H CpeaHIMY
{X), 70 ans mboro & > ) CMpasenTHBO MpeTETEHOE HEPABEHCTEO

JL%P(‘:TiXk%X) <5) )

=

Jlnx HOKA3ATENKCTEA. BBEIEM BCMOWOTATENHYIO Gy SaNHYIO BenHIHHY
1o
Y=23 % @

Quesnuso, e craTucTHveckoe cpennee pasko {X). ducrepcns xe ¥ paswa
cyMMe mHCepeni CnaraemMeIx

]




[image: image163.png]3ech Z BEKTOp H3MEpEHHBIX 3HAEHHH, & I YHCIO CTONGHKOB MHCTOrPaMMBI.
TIpWsiew 32 Znin GEpeTCA WHRHMASIbHOS HIMEpeHHOS SHAYEHTE, & WHDHHA

cTonbikos paswa
Zmae = Zmin
A= TR

n

e Zruax MAKCHWANENOE W3 WatepenHIx aasenth. Kowanma,
>> hist(z)

 OMYLLEHNEIM HEOGAZATENLHEIM APTYMENTOM I reHEpHPYET MHCTOTPAMMY W3

ecaTH npavoyronGHwKos. 1] pHBeTen HeCKOEKD MPHMEPOB THCTOrPAMM.

Tipumep: Tlepsoll MoCTpoNM FHCTOrPaMHY PaBHOMEpHO pasmpemencHHof &
wnrepsane (0, 1) senwmner Z o Thicave e aasenih:

3> zerand(1,1000);

>> hist(z)
Tepsan crpoka chopumpyer sexrop wa n=1000 peanwzamni Z, a sTopas
crponT wetorpamuy. Peaynbtar wobpasen na Fig. 14. %

Fig. 3.14

THETOMPaMMa PABHOMEDHO PACTDEIENeHHON BENHUMHE 7, NOCTpoeH-
HAR N0 THCAYE peanKsaUMH. Baoflb FOPHIOHTANH ABTOMATHHECKH OT-
NONKEHH BOSMOKHIIE HAYEHHA Z, 3 110 BEDTHKATH HHCNO PEANH3ALNN,
NIONABIIHX B OCHOBAHHE COOTBETCTEYIOUIETD CTANGHKA.

TocTpoennan rucrorpasvia (Fig. 14) MoXeT BBI3BATS HEOBONBCTEO BKC-
NEpWMENTATOpA, TAK KAK BEICOTHI CTONGHKOB 0BOMBHO CHABHO KONEGMIOTCH
BOKpYT HCTHHHORO 3Hasienwa 100, paBHOro yMHOXeNHOH Ha 7 = 1000 Bepo-
ATHoCTH nomagawwa Z b whTepsan aawrol A = 0.1. Yo rwcTorpamvia
Grina Gwixe o hopvie K Weenelyenol MIOTHOCTH BepOATHOCTEN, HATO YBe-
AwawBaTs “HCno 1. KpoMe Toro, MpH H3MepeHHH moTHocTel BepoaTHOCTEN
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[image: image164.png]F(2) nepaswowepHo pactpenenennsIx cnywaliEIX BenHYHK, CTAPAOTER Y1y %
wiTe “paspewatonyo crocoSnocts”. Tlocnemnas onpenenserca wcnom m
R ———

Fig. 3.15
Thetorpamma pacnpetenenn CHMNCoHa, noctpoennan o n = 10,000
SHAMEHHAM, PACCOPTHPOBAHHEM N0 11 = 30 CTONGHKAN.

Y6emuuca Wa mpHMepax, 4To pocT WHCna WCMLTaHwH, B cornachw ¢ 3a-
konom Bonbuwirx Uicen, MOBHILIAET TOYHOCTE HIMERHHA MIOTHOCTH Bepo-
ATHOCTeN.

Tlpusep: Tlocrpous ructorpassry ciysalinol senwsuns), uviewowel pac-
npeneneswe Cvncona (2.21) mpw @ = 1. Cpopuupyem 183 BeKTopa omHHa-
KOBOMH JUIMHB! 3 Peanisauill PABHOMEPHO PACNEENERHEI BelHIWH

>> xerand(1,10000);

>> yerand(1,10000) ;
2 3aTeM MOCTPOWM FHCTOTPAMMY UEHTPHDOBARHON CYMME!

3> zemty-1;

>> hist(z,30)
3pech MBI B NeCATD pa3s yBeNWWHNW WHCHO peanwsauni, WO B3ANW B TPH
pasa Gonbuee wncno cronGukos. HTorosas rucTorpammia WaoGpaxea Ha
Fig. 15. Brio, 470 0 0BOMBHO XOPOUIO MOBTOPAET TpeyTONBHY 1o GopMy
pacnpenenerin Cinwrcora.

Tipumep: Tocrpony rucrorpasey wacnsiyvra U = max(X, ¥, Z) we pex

We3aBMCHMBIX BenWNHK, paBHOMepHO pacmpemenennsix 5 wwTepsane (0, 1).
Tcrorpamma cTponTCA Mporpamol

163



[image: image165.png]>> xerand(3,50000) ;

> uemaz(z);

>> hist(u,50)
Kax w cnenosano oxwats, recrorpamsia wa Fig, 16 6anska k napabonie-
<Kol popwe pacnpenenennn U f(u) = 3u? (2.9). Pesynsrar seinonwerus
nporpassst maw wa Fig. 17. 3

THETOTpaMMA MAKEHMYMA M3 TPEX PABHOMEDHO PACTIPEIENEHHHX Be-
Awsn,

TloMWMo MIOTHOCTH BepoATHOCTEN, HA MPAKTHKE MOXET NOHANOGHTECA
WHTerpansHan (yHKUNA PACTPETENeNHA HCCNETYEMEIX Ay SalHEIX BenIHR,
CocTasu Mporpasiy MOCTPOEHWA WHTErpanbHoll hyHKIWH pacnpemeneHis
rayccosolt senwannsl. Cosnamnu sexop w3 5,000 peanwsammt:

>> neB000;

>> zerand(n,1);
‘Barem mocTpoHM FHCTOrpaMMY

> subplot(2.1.1)

>> hist(z,50)

TlocTpow 3MmHpHYECKy ko WHTerpansHyio dyHKuWio pacnpesenenis. fns
37070 choOpMHpYEM BEKTOPEI BHICOT CTONGHKOB W KOOPIWHAT WX UEHTPOB:

> [f,xc)=hist(z,50);
a2 3aTem chopMpYen BEKTOp aMmHpH<eckoll WHTerpansHol yNKuH pac-
npemeneHuA, i nocTpon rpadik

>3 Pecumsum(f)/n;

> subplot(2.1.2)

>> plot(ze,P)

Tlocne sero cpasHiy ee ¢ TeopeTwyeckol WHTerpansHol (ywuwel pacnpe-
menenwn rayccosolt senwstiwe N(D, 1):
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[image: image166.png]> Fe(lverf(zc/sqre(2)))/2;
>> hold on
>> plot(ze,F)

Fig. 317

THCTOMPaMMa W SMIMPHUECKAR HHTETpANbHAR GYHKUMA pacnpenene-
A rayccoBol cryHaRHOR BenMuMHE X =randn, reHepHpyemoR aat-
“MKOM CAyHARHEX wHcen nporpauMt MATLAB.

Remark: Dunupuueckas nnrerpansnas gynKUAA pacTpeteneni ay%-
e cormacyeTca ¢ TeopeTHWecKol, HeM IHCTOrpaMMa C rayccosolf MAOTHO-
croro neposTHOCTEfl, ITo caAAMO C Tew, HTO WHCHSHHNE METOIN Ay
npHcnocofinens: X BMHCISHI HATETPATSHBX XapAKTEPHCTHK, Hem g~
epenmmansnnx (5 Tanow cayvae nuoTHOCTH nepostaocted). W

3.6 Xapakrepucrnieckasa byHkuua
Revisited

HanGones ueHHbIe KasecTBa XapPaKTEPHETHIECKNK by HKUHH, KK WHCTpY-
MEHTa TeODHW BEpOATHOCTEH, MPOABAAIOTCA NMPW AHANWIE COBOKYMHOCTel
cnyvalinex Benwsnn. 10T pastien noceAien oScyKienwio ceoleTs cay-
SalHEIX COBOKYMHOCTEN ¢ MOMOIGH XaPaAKTEPHCTHYECKNS (yHKUHH,
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[image: image167.png]3.6.1 MHoromMepHbIe XapaKTepHCTHYCCKHe by HKIHH

Tlo onpemenennio, xapakTeprcTiveckol byHKuWeH COBOKYMHOCTH cny-
watinerx senwann X = {X),..., X+} nassisasor dywkuwro sexTopHoro apry-
MeHTa = (... Uy}, PABHYID

(e <exp(

Kak w & ofHomepHow cayas, n-wepHas xapaxTepncTuueckan dynkans (1)
oSpamaerca, B cuny yenoBiA HopMWpOBKH, B exwrwuy mpw = 0. Ecn
X MONOKNTS PABBIMK HYIIIC NI HEKOTOPAIE KOMTTONENTS] BEKTOPa. 1, To
B HTOTE MOZYYHM XapaKTepHCTHYECKYIO hyHKUHIO MeHbUel COBOKYTHOCTH
cnywalineix senwinw, ana koTopsix uj # 0.

Bamernst ete, ¥T0 KaK # B Cny<ae XapaKTEpHCTHYECKON ByHKIIH OTHOK
cnyvalinoll BENHTHHEL, MOMERTHBIE (Y HKUNH KOMITOHEHT BekTopa X MOXHO
BEIHCANTS nddpepenumpoBaHen copwecTHON xapaKTepHCTHYECKol (yHI-
unn. Tax koppenauno cnywatinsix sennntn Xy w X, waxomat no opuyne

0w
vy @
Budun |,
Buan n-wephyio xapaxTepcTveckyio pymiumo (1), nerko HalTu xa-

paxTepucTIecKyto dyHKINIO NioGol AWHeHHON KoMGHHALNN CoBOIYMHOCTH,
HANPHMED XAPAKTEPHCTHYECKYH hYHKUNIO CYMME] Cny YallHEIX BenHSHH

V=3 X )
&

Jlns 3T0ro HAZ MWL BIATE KOMTOHENTS! BEKTOPA. 12 OIWHAKORSIMH H pas-
e

ou

Suk 0

=

{XuXm}

Oy(w) = Ofu,...,u) = {exp (i) Xi )} 4
(w) = O(; )= exp (w2 X |y “

Ecaim sce kommonenTs: cnywakiworo sexropa X = {X),..., Xy} crarncru-
HeCKH He3aBHCHMBI, Cpeliee B Mpasoll wacTH (1), a BMecTe ¢ HHM i n-MepHan
xapaxTepucTueckan Gymkuns © (), pasnagaetcs Ha MpowIBetEHie OTHO-

MepHBIX XapaKTepHCTHYECKHX by RKUWH KAKIOR0 WS CAaeMEIX
CIOES | CACAN 5)

rie ©,(u) xapakTepwcTiseckan dywicuw caywalinolt senwns Xy, B wacr-
HOCTH XapaKTepHCTHECKaA YRKINA cywusl (3) ONWHAKOBO pacmpemench-
HBIX HE3ABHCHMBIX CAyalHBIX BENNYHH pasHa

Oy (u) = 0"(w) (6)
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[image: image168.png]- CTeMeNN XapaKTEPHCTHYECKON hyHKUNN CRATAEMEIX CYMMEL.

Tipuwmep: Halinew ¢ novowso (6) xapaxrepctnseccyto dynkunto (2.3.9)
Gunosmansworo pacnpemenenns (2.3.7). Hanoumuw, Guwosmansho pacnpe-
menenwan senwanna K npemcrasnva & sune cywwst (2.3.10) mezaswoumsix
senwunn, oz atowxen 3axony Eeprynnu (2.2.26). Cnenosarentho, xa-
paxTepucTieckas (ywkuns K paswa n-fi cremewn XxapaxTepmcTwieckol
ymicumm (2.2.34) pacnpenenenna Bepuynan

Ok (u,

(g+pe™).

Bamerum, 410 ecnw Ge1 e wanu popuyny (6) panbie, vl Mornw G5 Be-
BecTH GHHOMHANEHOR pacNpefiencHie o6paTHEIM MpeoGpazosanien Byphe or
mpasolt wacTH mocnemHero pasencTsa. W

Tipuwmep: Tonyam xapakTepicrinveciyro hyHKUNO MIOTHOCTH BepoAT-
WocTelt (2:23) cymmrer (2.22) 7 SKCTONEHUNANILHO PACTPENENERRBIX HESABHCH-
MBIX cnywalineIX BenHwHH. [/ 3TO0 HAMOMHHM, 9TO XapaKTepHCTHYECKAN
by HKUKA KAKTOTD CIArAEMOrO paBHa

/ pem vt gy
o

v

0,

v-iu’

Bosbesia o2 B -0 CTENEHD, MONYHHM XAPAKTEPHCTHYECKYIO yHKUNIO CYMMUB]
22)

orw) = (-2 ) *

v-iu

Tipumep: Onpemenmu xapaxTepncTuseckyto byniumto x? pacnpeseneis
(2.16). Hanouniny, owo senserca nnoTHocToro seposTHocTel cymmst (2.12)
KBAIPATOB HE3aBHCHMBIX rayccosbix cnywalinsix senwann. Hatizewm xapax-
TepHCTHYECKY 0 YNKUNIO OTIENBHOM CAArAENOrD

ot 7 2 A 1
= - dz= .
Cs 2”74 exp [~y +iua ——

Ee n-n cTenent faet xapaxTepucinveckyro dbynkunio x'-pacnpenenenis

Ofu)

w2

Oy(w) = (1 -2m0?) ™"

Bamernw, 370 wacTwul cnywak xapaxTepwerneckol dywkum (2.5.20) Tan-
ma pacnpenenenna (2.5.19). %
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[image: image169.png]3.6.2 Kymynsmrst

Ms1 yixe aHaew, TO IWCMEPCHA CYMME! HESABWCHMBIX BEIWYHH paswa.
cyMme ucnepentt cnaraeweix. XapaxTeprcTuueckan (pyHkuA nossonser
YKazaTh GeckoWeWNOE MHOXECTBO IPYIWX CTATHCTHSECKHY XaAKTEPHCTHE,
oGmagasouun nonoSweI ceoticmeont aldumuswocms Samwien xapaxTepi-
cTHweckyro bynkamo O(u) nponssonsHolt cnyualinoll senwawne X b Bime

o) =¥ 6]

e

W(u) = InO(u). 8)

Paznomuu scnovoratensuyto dywiunio W{u) & pan o crenena u

KospHUnenTE 37000 PASTOKENHA i HASHIBART KYMYARNTRGMIS CnySali-
wolt Bemwaunss X. C X nowowsto xapaKTeprcTHueckan hyHKuNA 3amce-

maern e e
o (5 Z2r) ®

o)

Ha ceoticrsa (5) xapakTepucTideckiy hyHKUMH COBOKYMHOCTEN Hesasci-
MBIX BENIHIWH CHEMYET, 4To m-H KyMYNANT CYMMEI PaBeR cyMMe Ky MYIIAHTOB
cnaraessix. B wactioct, noncrasns (9) & (6), nony<us

(10)

OTCIona BHINO, 4T0 KYMYNAHTE CyMMBI HE3ABHCHWEIX W OIHHAKOBO ACTpe-
AeneRHBIX cryqalifbiX BENHHHH PABHEI KyMYNAHTAM CIArAEMBIX, YMHOKeH-
HEIM Ha WX 9HCAO 7.

Hucpcpepesunpys (10) no u Tpeyemos 4HCAO pas W MPHPABHWBAT U K
HYNIO, HETPYIIHO MONYSHTE COOTHOWEHH A, CBA3BIBAMUINE KYMYNAHTE! € MO-
menTamn. Tak 1a# nepBeIX 4-X KYMYNAHTOB WMeeM

=y

x=p -l =0l

*a = pia = Sppia + 28,

e = fta =3tz = dtapta + 1234 — 641

Tomuepkren: Mepsbie 82 KyMYAANTA, COBNAIART Co CPTHHM i AWCTepCHel
X. Ocramwsie xapaxTepiayroT hopuy nnoTHocTw seponTHocTelt f(z). Tax
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[image: image170.png]wax popua f(z) Gones TecHo CBATANI. He © MOMEHTAMMW, 2 LEHTPAnLHEIMM
MOMeHTaMH crywalinoli BennuHHEl, mamHM opMyns cBAsH BeicwHX (TpH
& > 2) kyMynANTOB < LENTpanLHEIMH MowenTaMH. Jn% 3TOMD J0CTaTOHO B
PHBETENHEIX GOPMYNAX MONOXNTS fiy = 0, 2.0CTANLHEIE WOMEHTH SAMEHHTS
uenTpantHEIMM MowenTaum. B wTore momy sy

NS S X an

Obcymum caass kymynanTos ¢ hopoll MAOTHOCTH BepoTHoCTe. Ecan
¥ cnywalinolt senneunEl X He paBeH HyNIo MWL NepBBifl KyMYNAHT 33, TO
e XapaKTepHCTHYeCKaR BYHKUNA W MIOTHOCTS BEPOATHOCTEN TAKOBE!

O = —  flz) =5z - ).

Miwsimn criosas, sennanna X, y KoTopoli OT/HYEN OT Hyna MWD Mepssii
KYMYNAHT, TeTepMHHHpoBaNa, 3 ee awavenne pasno X = ). Tlomwepknen,
KAK W B JAHHOH BEIPOIKTEHHON CHTYAUWH, NepBEI KYMYNAHT OTBETCTBEHEH
5 OBluien Cilyas 32 cuelle e TOTHOCTH BepoTHocTel f(z) BIons otk T, it
we Bnnner a opuy f(z).

TTyeTs Temeps oTnWSHEL oT HyZIA MepBEe M8 KyMYnANTa 301 # O W 30z 7 0,
a ocTanbhbe paswel Hynto. Torma MIGTHOCTL BEpOATHOCTEN OKA3BIBARTCA
rayccoofi

! #
Ofu) = exp (irau - 24%) — f(z) = —=-exp(-Ez2F) . (12)
) e (-et)
Tlpweem ecni nepseill KyMYNAHT YAHTEIBACT CMElIEHHE MIOTHOCTH BEPOAT-
Hocreft, To BTopolt onpemener ee adpeTHBHyIo WHpHHy. Touree, sdpex-
THBHAS WINPUHA. ONpellenAeTen IS, PABHEIM KOPHID BTOPOrD KyMYZANTa:

DTOT e CMBILH BTOPOTO KYMYNIANTA, KK KBANPaTa. hcheKTHBHON WHDHHE!
MAOTHOCTH BepOATHOCTEN, COXPARAETCH 32 WM W B obuem caywae. Tlosto-
MY, AHANHSHDYA cBONCTBA MNOTHOCTEN BepOATHOCTEN, He SABHCALINE OT HX
LWIHDHREI, KAK MPABIIO MEPEXOIAT OT HCXomHON cny<alivoN senwawne X K
BenomoraTentHolt Gespasweprol senwdnie

X=Z"="X2. (13)

Owa opmposara & Tou cusice, w10 mcnepans ¥ paswa exwme.
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[image: image171.png]/ Geapasmeproli HopumpoBaskol caywalinolt senwswwer X (13) sce ky-
MynANTE GeapazviepHsl 1 pasHEl

.

#n

= i
m g

%

o

(n =34, (14)

DT oberpasiepenHEIe KyMYNAHTE HASHIBAIOT KYMYASHINAMY Koodduriu-
enmamu uexomHoN caysalinoll senwune X.

Me1 BRIACHHAN, 9TO XapaKTepHCTHYeckan (bYHKUNA, Y KOTOPOH Bee Ky-
MYNARTE! KpOMe MepBAIX [BYYX PABHEI HYMIO, OTBeNaeT rayccosoll MAGTHO-
1w BeponTHOCTeN. Okassiastca hywkuma () ¢ MOBEIM IPYIHM OTpaNW-
HENHBIM HABOPOM He PABHEIX HYMKD KYMYNANTOB TepAeT CBONCTBO MONOXKH-
TenbHol onpenenennocTH. CNEIOBATENLHO, HCTHHHAR XaPAKTEPHCTHYECKA
GYHKUNA WOKET WMETL WM MepBble AB3, HIM GeCKOHEWHOE YHCNIO He Pas-
HEIX HYZIH0 KyMynARTOB. Bre Xe YeM MeHblle KyMynanTHbIE kosdbuunenTs
(14), Tem Gaixe MIOTHOCTE BepoATHOCTEN cayaiHON BEHIWHS! K raycoo-
sott. Tlostomy kymynawTHEE KoshpienTs: (14) HCMOB3YIOT Kak Koni-
4ECTBEHHYHO Mepy 6W0CTH hOPME! MNIOTHOCTH BEpOATHOCTEN K rayccoso.
Ha npaxTifke fins 3Tol UenW MPWBNEKAMOT NHLIL B2 MEPBLIX KYMYITHTHEIX

Koa(ApHUMENTa, WieroLe CTeUHAMLHbIe Ha3BaNWA: ACUMMEmPUS
m _wn
Ka= 5 = 15a
2TFE (152)
W sweyece
%
R (15b)
L4 .

HasBasis OTPAXAIOT CMEICY STHX BEWYHK. ACKMMETPHA OTBETCTBEHNA 32
oTKNOKeHHe (OPME! INOTHOCTH BepoATHOCTEN f(T) OT CHMMETpHYHOH, 2 3Ke-
UECC YKAIHIBAET CTeNeHD OTKNOHEHNA (CHMMETpHYHOMN) bOpMEI MAOTHOCTH
BepoATHOCTEN OT rayccoBol. XOTA 3T0 He BCerlia TaK, PH OGbACHEHHH CMBI-
cna sKcuecca OGHIYHO MOBOPAT, YTO MPW Ky > 0 BEPWINHA MIOTHOCTH Be-
poaTocTelt f(z) Gonee ocTpas, uem y rayccosa pacmpefiencHA ¢ Tolf e
Awcnepcielt, a npi £y < 0 BepuiKa Gones Tymas.

TIpHBenew HeCKONbKO MPHMeEpOB MoTHoCTeR BEPOATHOCTEN W COOTBET-
CTBYIOUINY WM KYMYNAHTHEIX KopiIIenTOB.

Tipumep: Tlyers X paswomepto pacnpenenena s unrepsane X € (a,5). Ee
NA0THOCTS BepoATHOCTEN 3aaNa Be1paxenen (2.2.27), 2 xapaKTepHCTHYe
cxan ymeun paswa (2.2.38). Kysynants: nopanxa ssie nepsoro yioSho
WaxomuTs wa paznoxenns & pan Teftnopa norapudma xapaxTepucTieckol
pymicunmn (2.2.39) cnyualinoll koumowenTen X+

) = In () = In (s-:;z) _
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[image: image172.png]Bnecs £ = (b-a)/2. Pasnaran ¥(u) no cremenay u spywHywo mnw ¢ novowsi
MaTeMaTHWeCKIX MpOFpaAMM, MORYHM

5 ® 2 &

W) = ——w? =t - o O

=-% 180 T 2835 )

KaK W cnefosanc oXwiaTs, Bce HeWeTHEe KyMYNAKTS! cny<aliHoll Kowmo-
HeHTHI PaBHOMEHO pacnpefienentoll ciyHaliHoll BENWIHHE PABHE! HYNEO, 2
NepBble TP YETHEIX KYMYILANTA TakoBSI:

1 2 16
R .y .

3 AT TE
Tlonenws weTBepTelll KyMYAAHT HA KBAPAT BTOPOTO, HAMIEM 3KCIeCt pas-
HOMepHOH MNOTHOCTH BepoATHOCTEN

s

Tipuwmep: Halimes kymynanTe: sxcionenunansroro pacnpenenenia (2.5.9)

v

M =ver = O

v’

Pasnoxenwe cooTseTcTBYollel XapaKTepHCTHYeckol hyRKUNH B PAT Mo CTe-
TeR AN U TaKoBO
v
In
v —iu

Orcroma crefyeT, 470 KyMynaHTBl 3KCTOHEHUWANLHOMO DAacmpeencHua, B
Tow wHCne ero acHMMETPH W 3Kcuecc, PABHSI

3.6.3 llenTpannuas mpefenbHas Teopema

Anmapar xapaxTepuCTHECKN YRKUHH 1 oy XIIEHHOE BHlILIe ANIHTHE-
Hoe CBONCTBO KyMYNAHTOB CYMME] HESABHCHMEIX BEHUHH TO3BONAET IOBOMD-
O Nerko YGENHTLCA B CNPABIINBOCTH FIABHON TEOPEME TEOPHI BEPOATHO-
cTet, Tak HassiBaemolt Llenmpanswot Mpedenviott Teopeant (LITT), waxons-
el MHOTOUHCICHHEIE TPHMEERIA HE TONBKO B (bH3Ke, a noxanyl BoLY,
rie HabnroATCA cnyHalinble ABNCHAA.

IleRTpansax MpefenbHan TeOpeMa OEPHPYET ¢ CYWMAMH GONBIOTD -
cna cnyvaliHbIX BenHHH

Xt Xt 4 Xe (1) (16)

m



[image: image173.png]70681 He YTOHYT B HeCYILeCTBENHEIX TeXHHTeCkNX QeTanAx, Gyliem cHHTaTs
{X1, Xa,..., Xa} wesasmcmmeIan w omwnaroso pacmpenenenmem. Kpove
TOro MONOKHNM WA MPOCTOTSI, 4T0 QrPAHWHENS! Be MOMEHTHI, 2 ByecTe ¢
M W Y MYnARTS) Cnaraemix.

Tpe:x e wem cpopwryniposats Lentpansuyro Npenensnyro Teopeny, yka-
Xew ee OTHOWEHHe K APYTOMY YNHBEPCAISHOMY IAKOHY TEOPIH BEpOATHO-
crelt - 3axony Bonswnx Yncen. Tocnemwwh yTeepamaer, wTo apudern-
ecKoe CpeHes CyMMbI HESABHCHMBIX CAYHalHBIX BENHIHH

X+ X+

+Xa) a7)

CTaHOBHTCA ¢ pocToM 7 BCe Mewes cywalimeim. Towwes, ecnw awenepciw
cnaraevsix B (17) paswel o2, To rms cymu (17), xapakTepuayiowmtt oTkno-
HeHWe OT CTATHCTHIECKOTD CPENHerD, CTPEMHTEA K HYIID Kak

%

Jlns wmornx Mpunoxenll oHAKO GTKIIOHEHHA APHPMETHYECKOrD OT CTaTH-
CTHECKOTO CpeANEro MPUNIMITHAZIEHSI, W BAXHO IHATo WX BEPOATHOCTHIC
ceoficea. TpyGett 3axon Bombumx icen He faeT oTeera wa 3707 BoMpoc.
3a70 Ha. wero oTsevaet Gonee Tonkan lentpanswan Npenensuan Teopema.

Tockomsiy LTIT omicHEaeT oTkIOHeNNA OT CpelNerD, WCKARNHM i3
cymuma (16) CTATHCTWNeCKHE CpETNHe CIATaeMBIX W GYeM WHTEpeCORATHCA
NNOTHOCTBIO BEpOATHOCTEN CyMMBI CILyHaliHBIX KOMITORERT:

(n
X 7

X“:Z. (18)

Owa Hopumposana wa |/, Tak 4Tobs micnepcin X () we wesanacs ¢ pocrom
, a ocrasanace paswolt mucmepcnn cnarasmsix DIX(V] = o2, Ofcymms
XapaxTepucTIeckyIo bynKiIO cnyafivolt senwewer X1} (18):

¥ i)‘q)) =o" (\“ﬁ) . (19)

Bmecs Ofu) xapakrepucrudeckas dyHkuua cnaraemeix Xi. Beipaswu ee
wepes kymynanTe: X u nogcrasus 6 (19). B wrore nonysum

atgCNk

Onlu) = (exp

—_—




[image: image174.png]Cymmmposanie sec HATHHAETCA ¢ M = 2, MOCKONBKY MBI 3apanee HExAIo-
AR MepBEIN KyMyNART, MepellfLA K CYWMHPOBAHIG Cny SallHBIX KOMMOENT
X Ewe pas nepennwen ©,(u), Bonenus nepssift coMnoxnTens:

Oulu) = exp(—%ul)

Orcrona BHaRO, 4T0 NpH Nf6oM 3a0aKoM [u| < 00 Mpemen XapaKTepHcTH e
cKolf ymKIH HOpUHpOBAHON Ha. \/7 CymMEl cnywaliwex KowronenT (18)
pasen

20)

i Bufa) = Oufa) :exp< %ul) @)

XapaKTepucTHUecKol YHKUNH rayccosolt cay 9ROl BennewKEL A SHasHT
W nA0THOCTS BepoaTHoCTER cymbl (18) cxomuTCA MPK 7 —+ 00 K rayccosolt
MAGTHOCTH BepoATHOCTEN

1 <!
@)= ———exp (-2 . 2
ute) = e (-5 @)
D10 yreepxnente  cocrasnser conepxanwe Lentpanshott Tpenensrot Te-

openisi.

Tyre, npusemunt wac k Lentpanswot Mpenensrolt Teopese, Moxet no-
KazaTLCA KOMY-TO Yepecdyp ABCTPakTHEIM. UToGH HArnAmHe yGemWTC B
@ CUPABENINBOCTH, LATHM HECKANBKO MPHMEPOS CYMM iyl HEIY BenisiH,
W MPOCAEIWM 380NN WX MIOTHOCTEN BEOATHOCTEN € PoCTOM 7.

Tipuwmep: Tpexae scero oTwern, ¥To obcyxaennsie s pasmene 2.4 dop-
sryne Myaspa-Tannaca, ommceIBasoue acHMITTOTHIY GHHOMMANLHOT pac-
npenenenwn Po(k) (2.3.6) npw m = oo, smpaxasor LT mnw cymw wesa-
BCHMEIX BenwawH, meroun: pacnpenenente Bepwynnu (2.2.25). Cootser-
craenno, rpaspmicn wa Fig. 2.13 w 2.14 wantoctpupyror cnpasexnmsocts LTTT.
To, 70 GHHOMWANEHO PacTpeTeneNHas BeNHINNA OCTaETCH AWCKpeTHON TP
Aroou CKAIE YromHo GanbUOM 7, B To Bpew T KaK Mpelelb AN Fayccosa Beni-
4HHA. HEEPLIBHA, HE MeR AeT CyTH fena. CHTYAUNA HAMOMIHAET OTHOWEHWS
Mexay KnaccHyeckoll W KBanToBO Mexanmkoh. Cornaco mocnemwett duan-
WeCKHE BENWHNEL, K MPHMERY HEPIA BMEMENTAPHAIX YACTHIL, MPHAHMAET
Awws guckpeTHEl pAR sHavenntt. C noswumh e KnaccHueckol MeXaHHKH
aHepra MoxeT GuTh Kaxoli yromwo. Knaccwseckas w keamtosan wexamw-
Ka MpeKpacHo YXWEAIOTCA B MAKPOCKOMHSECKOM Mpelene, KOTIa PasHuIa
MEIIY CoCEINMMH YPOBHAMN IHEPIH OEND MAN2,  AHCKPETHOCTEIO MOXK-
Wo npenebpens. Mepexon o “keanToBore” K “kmascHeckomy” OMHCANHIO B
cnywae GHHOMWANLHOrO pacpeleneHis OCYWECTBIACT WHTerpansHan op-
wyna Myaspa-JTanmaca (2.4.12). %
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[image: image175.png]Fig. 3.18

TpadHkn nIOTHOCTER BEpORTHOCTER CYMME L PABHOMEpHO pacnipene-
NeHHHIX CnaraeMiX NP 1 = | {(APAMOYTONLHAK), 1 = 2 {(Tpeyront-
HHK) U 1= 8. TlocnenHAR MNOTHOCTS BEPORTHOCTEN NOYTH MOBTOPAET
PpaduK HIOGPAKEHHOND Saech Ke rayccopa pacnpenenennn (24).

Tlpunep:  Bososew cyuwy pasHomepio pacmpenenennsix s wepsane (~1, 1)
cnywalinsix sendHH. XapakTepHcTHYeckad YHKUMA HX HOPMHPOBAHHOH
cysvst (18) paswa

@)

Ha Fig. 13 waofpaena nnoTHocTs BeposTHocTel, Monyvennan oSpaTHelm
npeoSpasosanien Pypee (23) mpw m = 8, a Taxxe MpemenbHoe rayccoso

pacnpenenene
3 3
Frol) Eexp( 5 ) . (29)

Buno, 4T0 FPAGHKN rayccosa PACTPSIENeHHA W MIOTHOCTH BEpORTHOCTEH
CYMMB BOCEMH PABOMEPHO PacTpeleNlenHIX CHAraeMBIX MPAKTHYECKH oo
smagaror.

Remark: Paccyxcnas ma “rusiueckon yposne crporocru” o ancio
CHaraeMEiX R, pH KOTOPOM MAOTHOCTS BEPOATHOCTeH cymmsi (18) cranopuT-
€A npaKTHYECKH rayccosofl. Jamerns, 4o “Teno” MAOTHOCTH BepoATHOCTEH
cymmns (18) paKTiECKH ONpexenAETCA MEpBM COMMONHTETEM B Mpanoil
wacru (20). Ono cymectaenno ne passo ymro npu u| S 1/./%. Ecan ma
rpaRRNAX 3TOrO HATEpBATA OCTABLINICE COMHONCHTENS

»
exp( +ﬁn‘+...)
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[image: image176.png]To MoXHO oXuIaTs, uTO pacnpenenemue cymms 6auKo K rayccony. Kax
Bimo w3 (20), 412 37010 HEOBXOTMNMO, HTOB ACHMMETpUA  FKCECE CTAra-
ensix mozumAARNCS HepasencTBaN

[ral €6/, el < 24m. (24)

Bo Beex MpuBeneHMBX BaLIe MPUMEPAX >TH MepaBeHCTBA ¢ IHXBON BEMON-
narorea yxe npa n ~ 10. B

Remark: Mst npuuwan K yraepxcaenmro Hentpansnofi Hpeeasnofi Teo-
peME B npocTelilien Cyuas CyMME OIWHAKOBO PACTpETENEHHNX HesaBHCH-
My senmamn, MoxHo NoKasaTs oIHaKo, 4TO OHa CTpaBEXTIBA NpH rOPa3TO
Sones obuinx npeanonoxcennax. Ipyo rosops, ona “padoraer”, moxa anc-
nNepcun crarasix OrpaMHWEHS W He CANLIKOM CHABHO OTNHYARTCA APYT
or apyra, a cratucrueckan sasucumocts crarasmsx X 1 Xi cymust (16)
nponaaer ¢ yennuermen |m — 1. W

3.7 TayccoBBI COBOKYMHOCTH

Obcy waennas seme enrpanswan Npegenswas Teopema seicseqnsaet
KIK4eBOE MecTo pacnpemencHusly no Tayccy cny9aiely BeNHSHA KaK B ca-
MOM TeOPHH BEPOATHOCTEN, TAK W B MPHKIAMHSIY CTATHCTHYECKWY 321a92X.
Ewe Ganbuiyio pont 5 Teopii W MPHGKENHAX WIPAKOT 20YcCOBM COBORYN-
‘Mocmu, cBONCTBA. KOTOPHIX HCCNEOYIOTCA HIKe.

3.7.1 Onpenenienne rayccosol COBOKYMHOCTH

Tlpesxae yYem OaTh oNpemeneRne rayccoBoll COBOKYHOCTH, CENAEM BAXK-
Hoe samewane: BosiMeM fBe MOCHEMIOBATENLHOCTH HESABHCHMEIX BEHIHN
{X1,.. 0 Xa} w0 {Vi,..., Ya}. ¥ia IINIT cnenyer, 4to ecnu cymms

X Xe LYY
i
cxomATeR K rayccostw senwsHwam X # ¥, 10 i cymva

Y% (Ze=aXe+ b))

cxomuTCa Mpw n = 00 & rayccomoli senwunke Z = aX +bY. Mnsmin cno-
Basw, Buecre ¢ anevenTamm cosoxymHocTn { X, Y}, rayccosoli Gyner moSan
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[image: image177.png]wx nuweliman KowSuramn. 1o, mTerarowee w2 LT, cooicTeo unsapi-
anmmocmu omMocumeavHo AuNelinwT npeolpasosayuil GepyT 32 onpemene-
Wi rayccossix cooxymHocTell. B oSuiew cnywae HaSop cayvaiinir seauncun
{X1y..0 Xn} Maswsarom 2ayccosoit cosonynmocmam, ecai awbas Uz auned-
e mouBunay R

Sk 0]

umeem sayccoso pacnpedeasniie,

3.7.2  HeoBXomuMBbIe CBEICHHS W3 TeOPHH MATPHI

Hsysienire rayccostix cOBOKYTHOCTEN TpeGyeT SHAHWA OCHOB TEODHH Ma-
Tpwu. Hamomwuw wx. Habop senwawn z = {z,,...,2,} Haseisaror senmo-
poa, a mpamoyronsryro Tabanuy A = |las;||, e i wowep crpokw, a j cront-
1, mampuet. OBCy Iy ARG KEATPATHEIE MATPHIE pasmepon 1 X 7. Wx
MpUMepoM CNyXHT Kosapwanwonwas marpuua C (4.16). Tlomenas wectamu
CTPOKH W CTONGIEL, MOMYIHM TRQNCRONUPOSANNYIO MATPIY

Azl = A=l @

HanoMHuy, KoBAPHALHOKHKAR MATPHUA CHMMeTpWuHa, w sHasnT ( = (7.
YUHOKEHTE BEKTOPA N MATPHILY ONPENENAIOT PABEHCTEOM

Faya. ®

=1

y=dz

Awanorwiwo ssonaT craaxproe npoussedenie

@

[ —
D=AB = dy= Y timbus- )

TIpHHen 8 yMHOXeNHE HECKOMISKO Pas, HAXOLAT MpOHIBELeNHE NHoGoro -
cna mazpnu. Jlerko GoKazaTh, 470 yMHOXeHHe MATPH accoyuamuso. fna
Tpex maTpum 370 aaANHT, wTo

DEF =(DE)F =DEF). )
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[image: image178.png]Ecnin nponssenenme maTpuu pasto edumuoll sampiye

Pl

10 B wassisasor obpammott k matpuie A w nonsayioTe oSosmavennem B =
A2, Tlpw 5Tom sEINONNAROTCA CooTHOWEH A

AB=

B=A" <« BT'=A, (4B =874 @)
Orcioma w wa (6) cnenyer, s wacTHocTH, 4To
DEF =F D )

KeanpaTvoll MaTpiue CTABAT B COOTBETCTBHE 9HCAO, TAK HA3HIBASMBIN
Jemepaunarm, dbnapaouuh ceoliceamm:

det(AB) = det A detB,  det{AT) = det A. )

TonpoGHee obcym ceolictsa kosapwamonroli marpuus: C (4.16). Kax
W AKCBAA MONOXHTENLHO OMPETENIeNNan MATPHIA, OHA. HMEST 7 OPTOROPMH-
posanmsIx cofcmeenn sexmopos

¥ Vb 1) = Sty (10)
YOOBNETBOP ALY YPABHERH AM
CYn = En¥ms )

roe gl > 0 cobemeewmae wucaa warpuues C. Husxe Gymew cuwrars, wro
detC > 0. Torma cobcrennbie wncna cTporo nomoxmTents: gl > 0.
Boaswew warpiiy

I )

cTonGuamn koTopolt cnyxar cobeTsentsie exToper (10). Ha nx oproronant-
woctw cneayer, 4to GT oSpatia Kk warpiue G:

¢=nm

o=l =l = T=¢. a3)

Marpwua ¢, mna KoTopolt cnpasennuse cooTHowenna (13), HaskiBaloT op-
mozonaavnoti. Buecte ¢ G oproronansha i matpwua CT, Tax 4To

Gom = sl - %)
MaBecTHo, 4TO MPOH3BETEHHe Tpex MATPHI

gTeg=L= o8y

] (14)

177



[image: image179.png]Haet duszonaavnyio mampuy £. Ee GokoBHe aneweHTs! pasksl HYM, 2
[MArOHANbHEIE COBMANAT ¢ COGCTBEHHBIMK THCIAMH KOBAPHANWONHON Ma-
Tpuues. Yuuoxws (14) cnesa wa ¢, a cnpasa wa ¢7 w ywnTeBa cBolicTBa
oproronansheix sarput (13)  (13), MpHIEM K 3HAMEHHTOMY MpelCTasne-
HHIO KOBAPHAUWORHON MATPHUE! B BH/Ie NPOHSBENSHNA AWAroHanbHol i op-
Toromansmex MaTpHI

Cc=¢cg". (14

Hs (14), (9) w opToronanshocTw matpii ¢ 1 T cnenyer, 4To meTepu-
HAHT MaTpHUE! £ PABEH IETEPMUHANTY KOBAPHALWOHHON MATPHIE!

detC = det £ f[gz. (15)

=
Kpowe Toro s (14) i (8) nweenr
5

4

e[

gTe g = e =0L7d (1)

PaccyoTpit mpoira By KEAIPATHIHYIO opyry

> e = (=0 Q). )

Ha onpeiencnina ckanaproro npowsseena (4) i YMHOXeHN A BexTopa Ha.
satpuny (3) cnenyer cpasennwsocTs pasencTsa

(z-Q2)= ("= z) . (19)

Mpumep: Tporectupyem npsenentsie GopMy.s! Ha MpHMEpe MATPHIE!
531

C=03 4 2). (20)
12 3

Halizew oproromanswyto satpwiy ¢ ¢ nowowsro mporpavuss MATLAB.
ln 37010 chOPMUPYeM KOBAPHALHONHYK MATPHTLY

>>c=(631;342;123);
BaTem BEITONHAM KOMARY, FeHEPH DY FOULYo 0P TOTORANBHYEO MATPHIY i OG-
CTBEHHBIE THCNA KOBAPWALMONHON MATPWIE!

> [6,L)=eig(C)
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[image: image180.png]B wrore nonywi

04226 05999 0.6793] 09213 0 0
—-0.7461  0.1953 0.6366) , £ 0 2m02 0
05145 07759 0.3651 0 0 83485
Komanmer
> GeG7
"
> GTa6

WnmocTpRpYIOT caoficTea opToronanskoci (13) w (13). Bsinonwws koman-
ay
> GTCHG
yoemmica & cnpasemnusocTi cooTrowenwn (14). Kowanma
> GeLaG’
Bosspauer was Kk MaTpHte (20). ARANOMHYHO, BHITOMHIS KoMy
>> 6reinv(0)*6
nonysiy, 8 cooTsercTsmi ¢ pasencraow (16), MaTpiry

1084 0 )
= 0 03663 0 *
0 0 0.198]

3.7.3 TlaotHocTs BepoATHOCTeH TayCCOBOH COBOKYMHO-
crn

Haliztem moTHOCTS BeponTHoCTeN rayccosolt cosokymHocTH ¥ ¢ Hynessl-
MH CPRTNWMH W 221aKKON KoBApHALHORHON waTpwtelt C. [l 3Toro mper-
crasium ¥ B Bige nuHeliol koG HAHW

Y=4x (4=0) @)
CTATHCTHYECKH HE3ABHCHMBIX FayCCOBBIX CAYYaliHEIX BENWAHH

X={Xi,.... X}, (KeXd=ohbm  (ml=12,...m), (2)

KoRApUANNONHAY MATPHIA KoTOpIX pasHa mwarowanuwoft arpiue £ (14).

Y6emumca sHasane, wTo rayccosa cosokymwocts Y (21) meficTentensHo
obnanaet Tpebyemolt KoBAPHALNOHKON MaTpHIIEH. [l 3T0r HeobromHMO
HoCTaTOTHO, FTOGH BEITONHAZNCH pasencTEA

(¥

=

)=

imaj {Xm X1y = ¢
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[image: image181.png]Tocnemume, 8 cuny craTneTHueckoll HesaBHCHMOCTH KowmonenT X, MpiHw-
-
2
5= Y dimam
k=

Ha MaTpiuHoM A3bIKe 3T0 3HASHT, 4TO BEINONKERO PABEHCTBO
C=AcA. (23)

Toncrasns cooma A = G, u scnomuus cootHowenwe (14'), ybemumca, uto Y
rayCcoBa. cOBOKYTHOCTE ¢ Tpefyemolt KoBapHaIHORHON MaTpHIEH.
TIpHCTY T K OTHICKAHKI MIOTHOCTH BepoaTHOCTEN £ (if) rayecosolt co-

sokymwoctw ¥ (21). Cormacwo (3.23)

fol) = fx (By) |[det B )

rae B = ¢T vatpuua, oéparas k A (21). B (24) sxomuT nnoTHocTs Bepo-
ATHoCTeM HezancHumix Benwann X (22):

(Vo) vame F [

3necs yuTeno pasenctso (15), Beipaxaroiuee nponssenenne aucrepcnit cny-
waiHEX KOMMOReNT X Yepes IETEPMUHANT KOBAPHALWONHON WaTpwirsl. Bor-
pasww moKasaTenn SKCMOReTS B (25) Ha ASHIKE CKANAPHEIX MpOHSBETEHHH

n g7
12}

%3

fx(=) (25)

S8 (e sa).

7
=1

Kpome Toro, B ciny opToronanswoctn marpuuel T, wveen |det B = 1.
Cneposatensro

fp(y) = Ix(By) = fx (¢"y) =
1 L -1 3’
e e

Tpeobpasyen BxomAes Croma cKanAPHOE Mpoi3BeeHHe ¢ Movowso (19) i
sToporo pasencrea. (16):
(0" £y = (gL )= (-0 -
Taxuw opasom
1

o0 = o ee 5 el @)
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[image: image182.png]flo cix nop ME! cHWTANW, 17 YIOGCTEA BEIKTAMOK, YTO CPEMHWe SHAde-
wia kowmonenT ¥ (21) pasue: nynio. Bossvem Temepss cambift obuimtt cnywalt
rayccosoli cosokynHocTi ¥ = Y + g, re g = {¥') BexTop cpemmux 3wave-
wih. Wz (26) u ovesmanoro pasencrea

frly) = fply - )
Wieew oKoRYaTEnbHO

1
frim) = %) \/mew[—g(

w-w-Cw-w)]. @)

3.7.4  OmiMmCORmM paccesmHs

BrincHuy reomeTpieckyro CTPYKTYpY ToTHOCTH BeposTHoCTel (27), e-
cnenosas nosepzwocmu pashozo yposn, e fy (i) weet oxunarossie ana-
wewnn. Wz (27) swiwo, 4To ypaswenme yKkazaHHIX MosepxocTeH TaKoBo

(w-m-c'@w-w)= )
Ha wux fy(y) omvnaxosa u paswa
1 "
friw) mew(—g) . (29)

Ypaswenue (28) samcano b ekapToBol CHCTEMe KOOPIWHAT f € acno-
DIOXEHHEIMH BIOND Ocell GASHCHBIMK BEKTOPAMH

{b1y. . ba} b, 20,1,0, }.

gy

Baemews Hossie mexapross koopmwwarsl. IlomecTi wx UeTp B Towky fr,

a saTew noBepHem KecTKo cKpennennsie Gasucusie Bextopst {b . .. by}, B
WTore MonyuHw OB Ga3HC {as ..., Gn}. Cnst wexay cTapsiu (Y- -4y}
W HOBMIMH {3, . ., 5} KOOPWMATAMK OMHCHIBAETCA PaBeHCTBAMH

y=Rz+p = z=R"y-u), (30)

rlie R OPTOrOHANLHAA MATPHILA, 3MEMETH KOTOPON PABHE! CKANADHEIM Mpo-
waseaenty 7 = (b ;). Tomerasws (30) & (28), sammuew ypaswente
MOBEPXHOCTH PABHOTG YPOBHA B HOBOH CHCTEMe KOOPIHHAT

(Rz-c'Rz)=x' = (z-R"C7'Rz) 6]
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[image: image183.png]TMepexon or crapon {s,yz) K WoBoR {12} AeKaproBoR cHereme
KOOPAMHAT, NOBEPHYTOR OTHOCHTENbHO CTapoR Ha yron 8.

Tipusep: TIpoRNMICTPHPYEM MEPEXO OT CTAPHIX K HOBHIM KOODIWHATAM
5 nawGonee warnaawom caywae nnockocT (n = 2). Crapas y w nosepuyTan
oTHOCHTENBHO Hee Ha yron f HOBAN CHCTEMA KOOPHHAT T, BuecTe ¢ GazCHBI-
s BexcTopasi, naobpaxenst ma Fig. 19. OpToronancwas watpuia nepexona
T CTAPHIX KOOPIWHAT K HOBEIM MOJIHOCTEI> OMPEIENAETCA ETHHCTEENNBIM B
Aanwow cnywae yrno nosopota # u pasna

(b1 @) (b - )
(52 @) (b~ )

CoBeTyem THTATENIO MPOBEPHTS NEOMETPHECKH OYEBITHOS CBOMICTED MaTpH-
s R{B)

leos # = sin )
sind  cosd

R() = ‘! . (32)

R(B)R(B2) = R(B:2 + 02),

2 Takie CUPABENAWBOCTS OGUX CBONCTE OPTOTONAMLHEIX MATPHI, B HBY-
MepHOM CY9ae CBOTALIXEA K PABEHCTBAM

RIB)=R(-0) =R"(B). %

Monoxws & (31) R = ¢, e § oproronanswas warpuua (12), cocrasnen-
HAT W3 COBCTBENHBIX BEKTODOB KOBADWAUWOHHON MATDHIBI, W HCMOND30BAB
nepsoe cootouwente (16), npeoSpasyem ypaswente (31) K sy

PR
i R PO (32,
= <) ad o)
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[image: image184.png]Ecnw, Kak wer yenoswnncs, sce g} > 0, TO MOBEPXHOCTH PaBHOrD ypoBRr
WWEIOT BT BIOKENHBIX YT B APYFA NOTOBHEIX SMIWMCONIOB ¢ ANNRAMH
nonyocelt Kg;. VX HASHIBAIOT 3aAUNCOUEM PaCCERNI.

Remark: [Tpusenennsie nocTpoenns packpaBaIOT reoveT peCki M
oproronamssolt maTpuus C (12): Owa nosopavusaem Jesapmosy cucrery
ROOPRUNATA Y 1+ T TaK, RO HOSNE O COSTAEIOT: ¢ OCRMI CUMMETPUL
samincoudos pacceswus (32). (uenmxen TaxKe reomerpsecki CMECT C06-
CTBeHHmIX uHCen KosapHauHoHHol Matpus. Mx koprn {p1,...,pa} onpene-
naKT spexTuBAYI WHpHAY MAOTHOCTH BepoATHOCTEH fy{y) B Hanpasae-
Hiwax ocelf cMmeTpa saTHNCONI08 paccesus. B cassi ¢ > anmmnconx
Cummerpin, OTRewANOmHH SHaueHIO K = | HHOTIA HASNBAXOT 2A0SMMM 3n-
auncoudo pacceswus. [Toneswo TardKe HMETs BBy CTATHCTHWECKYR HA-
TeppeTAmIIO COBCTBERMEX UHCET KOBAPHAHONNOH MaTpHIS, OHa HCXOXHT
13 Toro, T0 oproronansHoe npeobpazosantie

Y=¢X4p (33)

BpANAET MPONIIOTHYIO rayceony cosoxymHocTs ¥ wepes mesascumie
rayccosss semumnss X ¢ aucnepcusmn {e},..., g%}, Mostomy {o1,...,en}
HAIHBANT eitie 200 MM CPedNERSQTPEMIN NI OTRAOHENUAMIL (Fms) MAOT-
Hocru sepoatnocreit fy(y). B

Hanoummmm, npi ananuse omHoH rayccoBoll BENHAHHE! 4ACTO HHTEPECYIOT-
£ BEPOATHOCTHM NONATAHNA et SHAYEHHH B CHMMETPHIRO PACNONOKEHHEIN
OTHOCHTENbHO cpemMero i WHTepBan (i — 5,4 + s), TE 5 MOAYWNPHHA. HH-
Teprana. B wacTwocTw, MpW 5 = 30 MPHXOAT K SWAMENNTOMY MPasuny
Tpex o, obcymaennomy & pastene 2.5.1. BoyTpennocTs annmnoonos pazce-
AHIA CRYSKHT SCTECTBEHHEIM OGOBULEHIEN YTOM AYTSIX WHTEPBANOB Ha Cly-
“all n-MepHEIX rayccoBsIx coBokymHocTel. Haliiem BepOATHOCTE MOMATaHHs
BHYTpL 3ANHTCONTA PACCEANNA ¢ 3aTaHHON K. 3aMeTHM, 4TO Mpasas 4acTh
seipaenis (25) ecTs Wecnemyemas mioTHoCTs BeposTHOCTell f,(y), 3am-
CaHHas cHCTeMe KOOPOWHAT, OCH KOTOPOH COBMANAIOT ¢ OCAMH CHMMETPHH
anaunconma paccenis. Cnel.lonmenbno, WeKoMAA BepoATHOCTE pasHa

Pix) =

(m)" o) B [l

Bnecs £, BHyTpeRROCTS 3nMMTCONTA. CIeNaB 3aMeNy MEpeMeRHEIX

z n
n=2 . =2
o on

Nepefizen K WHTErPHPOBaNWIO o BHYTperHOCTH chepsl

St Atd4rac<e
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[image: image185.png]B n-MepHoM MpOCTpANCTRE ¢ ASKAPTOBEIMI KoOPTWHATAMI {2, .

vtk

Plx) =

+ z})] dr

exp)
~/2n / [
B cuny cepueckol CHUMETHH MOMBIHTErpAnsHOl byHKIWH, NoCAeTHit
WHTErpan cBOTHTCA K OHOKPATHOMY

H 2

Pix) = (\/2',7”)“ Zexp(—%)sﬂ(r)dm

rite 5,(r) mRowaL n-wepHON cheprl pamHyCa. T, aTaHHAA pasecTBOM (2.14).
TlofcTasws e B MOCHEMHEs BEIPAXEHHE, MONYTHY OKOHYATENLHO

(2-nyz % 2
P(e) 7;"/2) [0 (-7) g, 54)

Fig. 3.20
Tpadukh pacnpenenennn f{x). BiHo, 4To Hem BonblIe n, TeM MEHb-
e OTHOCHTENbHAR {OTHECEHHAR K PSMEDY fn) LIHPHHA f(x).

Remark:  3awerm, wro napaverp & b (34) 3ataet nuneiinsie pasmeps
snmunconza pacceanns. Judppepentapys (34} o &, nony s gymxmir

=2 ().

Ee ecrecTsesso TpAKTOBATS KaK paCTpeIEneHHE BEpOATHOCT oll MACCH rayc-
coBolf coporynHoCTH Y BI0MS OCH IHHENHNX PAsMEpOB SILMICONIOB pac-
ceannn. B cawon aene, f(x) dr passo seposTHocTHOM Macce, samrosenHol
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[image: image186.png]Mexay snnnnconzamn ¢ pasmepamn k u & + dx. Ha Fig. 20 aans rpa-
urn f(x) ana pasmsx n. Buawo, ato mpun > | sepoaTroctnan wacca
COGPEIOTOENA B OKPECTHOCTH HIANTICONTA PASMEPOM Ky &5 \/7. DTOT GarT
LpOKo Henoms3yOT B CTaTHCTHYECKO (bi3KE, rae T HEBOOBpAITMO BeH-
Ko (nponopumonansso ncny Monexyn semecrsa). [pu >row, Kax npasio,
npenebperaror mupunolf f(x) u 3amenaroT ee TeasTa-yKIHER

1) =805 =

DpheKT KOHIUEHTPAIHH BEPOATHOCTHON MACCH B MATON OKDECTHOCTH Hexo-
Toporo anaNNCoNTA OBy CIOBIEH KOHKYpeRIHel, onucanHoro b pasaene 2.3,
“ohheKTa KOMKYPH ANEdsCHHA™ H SKCTOHEHIHATEHO BHCTPORO CTATANHA K
Hyzro rayccossx pacpenenenti. W

3.7.5 JlsymepHoe TayCcOBO pacupedesienne

W3 BoeX MHOFOMEPHBIX rayCCoBHIX MNOTHOCTER BepOATHOCTER B MHNOKe-
HHAX HaWGONEe YNOTPEHTENbHA IBYMEPHAR MIOTHOCTS BepoaTHOCTEH. Ha-
e ee nonpoSwes. TTycrs {X, Y} rayccosa coBoKymHOCTS, CTaTHCTHYECKIE
cBOiCTBA. KOTOPOH MOMHOCTLIO OMPeEneHt! MATHIO MOMEHTAMK

Ky =pter Wy=p, By=ol, Fh=ol, XD =aop. (9)

= detC=0alo)(1-5"). (36)

Goomsercraento oSpaTHax MaTPH TakoBa

o=

\ ;

SRl AN

Tomerasis e= 5 msymepHetH Bapwant suipaenin (27), Gynew wweto:

1
few) = g = o
exp[ ! ((z—m’_2»(1—#.)@—#,),'(y—m’)]_ o1
W=\ o2 7.7, £

Ecoin koappHunenT Koppensumin p pasen Hynio, To CoBMeCTHAA MOT-
WocTs BeponTHOCTel (32) pacnamaerca Ha MpowzBeete NuOTHoCTEN Bepo-
aTHoCTeM Benwmn X w Y

1 = ps)? 1 — )
f@y)= e ‘(120)3‘ : ] v ‘(yz,::') ]
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[image: image187.png]Me1 yeTanosmam samevatentuell baxT, crnio obnervarourh ananis ceoficra
FayCcoBBIX COBOKYMHOCTEH: HeROppeAupoSINNOCTNG KoMNONENT 2ayccosotl
COBORYNNOCTAN PENOCUABHE UT CEMUCTIUNECKON NEIESUCUMOCTIU.

[ansetiwnti ananus cTaTHCTHYECKHX cBONCTB ABYMepHON rayccosoll co-
BOKYTHOCTH MpoBeMen, MONOXKNE CPEMHHe c= KOMIONENT PABWEIMM HYNIO:
#ty =, = 0. D10 monywenne cunbHo obnerunt Brknagkn. O mpyrolt
CTOpONSI, MpH HEOGXOIHMOCTH, fIerko BOCCTANOBWTE My W ft, B WX MpaBax,
3aMeHHB B COBMECTHON NMMOTHOCTH BepoATHOCTEN

i V(P ¢t
Flzy) QWMWQ"P[W(] - (.73 T na +73)] &

W ApYTHX MONOGHEIX COXTHOWERWAX T HA T = fi, W Y WA Y = ft,.

Fig. 3.21

HANIOCTpAUAR K ONPRIENeHHIO OPHEHTALIAN SANHNCA paccennks: Koa-
Apataunan dopua » (30) HMEST Ha OKPYKHOCTH Te e SHadeHHA k2,
IO W NepeceKalolIMe OKPYXHOCTL SNTHCH pacceriuA. TTpH SToM
MHHHMYM JOCTHFGETER B TOMKAX KACQHHA OKDYXHOCTH H BHYTpeHHE-
O, 3 MAKCHMYM ~ BHellHEro 3nnHNCa.

Haltfiem OpHEHTAIINIO 3NNHNCOB PaLCeani A NAOTHOCTH BepoaTHocTel (33).
Hwase rosop onpemeniy yron f, Mom KoTOPHM 0N w3 ocell CHMMETPHI
Haknonena k ocn 7. OTHeM B, MANL3YACh reOMETPHIECKN HAFNAINEIMHK
nocrpoennan. Bremen reanpaTnanyro opuy

o) = [T ey ¥ ;
e =L (- ) i

MPHRAMAIOUYIO A 3MMHICAX PASCEANHA OIWHAKOBEIE 3HANEHWA K, W W3-
ety e mosemente BToM emuAWHOM okpy:HocTH (¢ = cosf, y = sinf).
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[image: image188.png]Ha Fig. 21 o, w10 MuHHMAnbHOE KL, I MAKCHMANBHOE K, FHANEHIA
(2,y) mocTHAKTOR MpH yrnax D HAKNOA. K 0CH  ocell CHMMETpHH 3nIH-
ncos pacceninn. TeomeTpirveciHe cooSpakeNia MOCKAILIBAIOT TAKe, UT0

1 1
“n =g N?....—QT- (40)

Haliziens yron f waxniona ocell cHuMeTpim, necnemosas yHKumio

#(8) = (1 = p*) p(cos f,sin 9)

wa skeTpemyM Mo . Samruwew (8) b ABHoM B

w(ﬁ)_(' ])+(;1—;1)c,0529—0"; sin20.
: 20y

Jlndpcpepentnpys ee o § i NPHPABHAB MPOHIBOMHYIO HYAIO, MONYTHU Ypas-
Herwe yrnios § HAKNONA Ocell CHMMETPHH 3/ITHITCOB PAcCeaHia

tan2p = 220 (@)

TlonpoSwee obcymn caysalt paswerx micnepcitt kownonent {X, Y} rayc
cosolt cosokymHOCTH: 0y = 0y = 0. Torna npasas wacte pasencrsa (41)
06palEeTCH B GRCKONEHOCTE. DTO OIHATALT BOETO MWL, HTO OCH CHMME-
TpHw passepHyTE mon yrnom B 45° K ocam  w y. Hatimem cootsetcTByioune
cobeTeenHble HCna KosapHauHonHoll Marpuus. Togcrasws s (39)

feyb={th %, o=oa=0
W yuHTEIBAA cooTHOweRNHA (40), Gymem wuets
Gan =01 =0y Q=M1 +5). “2)

Kak  cneiosano oxumars, ¢ pocTom Monyna koackpienta Koppensumin
|p| snnunce: pacoesmia cramos s see Gonee cmntocHyTeH.

Hanowmiy, FaseIM SMMMcOM pasceAHa HAZBIBAIOT BANNMC < Momy-
0CAMH {grin @roax). HAPALY C MM BBOTAT MOWATHE noaNo20 3aaUNCE pacce-
ANIR, BHYTPS KOTOOTD MOMATAKOT MPAKTHYECKH BCe TONKH C KoOPIWHATAMI
(X, Y). Yeaew annunc, nocrofinsili asanis nonworo annunca paccesnms.
Jln aToro sameriy, 470 cornacko (34) BepoATHOCTE MoMAZaHIA B nnHTC ¢
MORYOLAMM (K Qminy KQmar) PaBHA

P(x) l—exp(—%l) n=2. 3)
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[image: image189.png]Tlonoxus 3mecs & = 3, MONY YHM BEPOATHOCTD
P(3) = 0.9889. (43)

Owa GnsKka K eTHHHIE, & 3HAYHT HA IBYMePHEI Cny<ali YMecTHO pacnpo-
crpanTe npaswno Tpex ot Howmu aceale mowku (X, ) nonadarom enympn
NORNOZO SANUNCL PACCERNUR € NOAYOCME (30rmins Sorae)-

Remark: Mt oocnosann npasunio Tpex o ana maph caywafinmx se-
Audun Tem, 40 BepoaTHOCTS (44) nomazaua B nanHsft saaunC 6aKsKA K
eannune, xax 1 seposnocts P = 0.9973 ommoff rayccosolf semmune or-
KAOMHTsCA OT cpeanero Ha paccrosnme, memsmes 30. Bee e anymeproe
npasuno Tpex o oSnataer ropasto memsumy “samacow mpowocra”. B ca-
Mow Terte, TpOTHBONONOXKAAT BEPOATHOCTS MPH 7 = 2 MPHMEPHO B YeTBpe
pasa Gonbuie AHATOrHYHON BEPOATHOCTH ANA CTAHIAPTHOTO MPaBMIA Tpex
. D70 3HAUNT, HTO FKCMEPHMERTATOp, HIMEPAROLH FAYCCOBY COBOKYMHOCTS
{X,Y}, » wersipe pasa wame cronxmerca c Hapymenmey npasua Tpex o,
wen nameparonnii o1Hy rayccosy senuanry. B

Remark:  Ouesuano, npasuno Tpex o e pacnpoctpanerca ma caywall
Somsuinx n, Iite, KaK OTMENENO BEILIE, BPOATHOCTHAA MACEA COCPEIOTO%EHA
B MaNO# OKPECTHOCTH >ANMICA ¢ AHHEHNNM pasmepom & = /7. B

g 3.22

ThicAMa Peanusaumi naph rayccopux senwant {X, ¥} ¢ koodduun-
eHTom KoppenAumK p = 3/4. 3nech ke HsoGpaNeH NOMHWA annune
paccennmn. BHe ero nexHT 13 Todek, 4TO BNONHE COPNACYETCR ¢ Be-
PoATHOCTHIO Q 2 0.011 He NONACTH & NANKKIA ANAHNC PACCEAHKA,
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[image: image190.png]Tipumep: € nomowsro nporpasst MATLAB cvozennpyes Teicady nap
X,Y sHawewutt rayccosoll COBOKYMHOCTH cRy9aHBIX BENHSHH ¢ HYNEBEIM
cpemHHy, enwnwaHOR mcTepcnelt W KosdduuKeRTOM KoppenAumK o = 3/4.
Baenem kospiHIHeHT KoPPEnALNH, IHArOHAILHEIN SEMEHT OPTOrOHANLHOH
MATDHIE G W KODHH COBCTBEHEIX YHoeN KOBAPHALHOHKON MATDHIIEL:
=3/4;

1/8qre(2); amsqri(ier); brsqre(ir);

>
>

Barew cpOPMUPY M PeTIHIANT He3ABHCHMEIX FaYCCOREIX BANTHH
P a*randn(1,1000); v=bsrandn(1,1000);

W obpasyem wa WX peanusawn nccnenyemex sennsn {X, ¥}

> x=gr(utv); y=gr(u-v);
Haobpasus pesynbTat rpadpusiecki
>> plot(z,y, '0")
Hawecen Ha ToT e rpachk NONHEIN SNMTC pacceanma:
>> hold on
>> telinspace(0,2¢pi);
> c=axcos(t); s=brsin(t);
> x=gr(crs); y=gr(c-s);
>> plot(3+x,3+y)
Pesynbrar wonennposanws npencrasnen wa Fig. 2. %

oMo OGHIMHBIX MNOTHOCTeN BepOATHOCTEN, B MPHIOKEHHAX BAXHO
awars yenoswsie nnoTHocTH BeposTHocTeli. Hanpiviep f(zly) - nmornocts
BepoaTHocTel X NpH yCnoBWW, 9TO Apyras cnywalwas senmenwa Y mpw-
MeT B weTsITanuH aHasenne Y. PerynApHeN Coco HAXOXIEHHA YCIOBHBI
nnoTHoCTell BepoaTHocTelt omipasTen Wa obuyto dopuyny (1.17). B cnywae
TaYCCOBEIX COBOKY MHOCTEN, OIHAKO, YITOGHO HAXOHTS MY, MONB3YAC SKBHEA-
NENTHOCTEIO HE3ABHCHMOCTN I HEKOpPenHPOBANHOCTH KOMIIONEHT Fay CCOBIX
comoxymHocTefi. Tlokaxem 370 Ha mpivepe rayccosol cosokymocTn { X, Y}
Jlns Gonbuell HANIATHOCTH BEIKAIATOK MONOXKNN NOKA. WX CPEANHE PABHBIMI
wymo. Tipeacrasnu X w ¥ & chopue

X=ai 48V, Y=cv, (45)

Tie [/ n V' HesaBHCHMBIE rayccoBsl BeMNSHHEL C HYMEBSIMH CPETHHMN  ei-
s aucnepensan. Koadppnumens: (2,5, ) 8 (45) onpenenmst w2 yeno-
s, 410 {X,Y} obnamer xosapwaunonwol watpuueh (36). [as storo
QKNS BRINOMRATECA paBeHCTBA.

d=d 48,

L owoyp = be.




[image: image191.png]Orcroma wmeem

=0y, b=owp, a=onfl-p. (46)

Halizem crarucruseckwe ceofictsa X mpw yenoswn, wro ¥ = y. Ha
BT0poro pasencTsa (45) i H3 (46) BHAHO, 4TO OHO SKBWBANEHTHO YCNOBHIO
V = y/o,. Tloncrasus npasyio wacts 3Toro paseHcTsa i KosuunenTs @,
b (46) B nepBoe pasencTBo (45), Gymem wveTs

Lo
Xy = a1 =p2U +oopy-
3

Hnnexe 'ly’ oswawaer, uTo sepaenwe cnpasa onnceisaer caoficTsa X mpi
yenosun Y =y <= V = y/c. Va weaasncuwoctn [/ u V crenyer, 4to
U, xaK w npexie, rayccoa ¢ HymeBsIM cpeAWWM W eXWHWWHON mHcTepcHeli.
Onemosatentho X|, Taxxe rayccosa co cpemni n awcnepcuelt

%
Ky == S0 ows ohy =02 (1=p")- 7)
Y

Fx HasbiBaroT yeaosmst cpedhitiae w ycaoswott ducnepcuets cnywaliwolt senw-

wanwe X. Tlogcraswe (47) 8 raycooso pacnpenenenwe (25.1), Halinem newo-
MYI0 YCTIOBHYIO /IOTHOCTS BepOATHOCTEN

B
1 1 ay

fxlaly) = ——=—e%p | -5 1 (1 - *ﬂy) . (4s)
[or(1 = p)an 2(1-¢%) o

Tyers Teneps X ¥ metor nenynessie cpeanme iy W ft,. Yrobs nony-

9HTS BEIpAXeHHe [17 YCNOBHOH BEPOATHOCTH B 3ToM OBlLIEM Ay Wae, I0CTa-
T 3asernTs B (43) (2,Y) Ha (T — iy — ). B HTOrE HosREM

105t = i o0 [~ - e = S0t -)] . )

Tlowenns = wa.y, pwIeM K yenoBHON MAOTHOCTH BepoATHOCTEH

Frtole) = b [ (- - 20 )] . 60)

Remark:  Ha (50) suano, uro ycnosnos cpeanee caywaiinol senusunn
Y, npu yenosmn a0 X = z, panto

2
ke =#y+iﬂ(1 =)
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[image: image192.png]C TounocTsro 10 samens f,), #a Y’ 1 T na X, 370 pasenctso comnamaer ¢
ypasmenten munnn perpecann (4.10). Tarun obpasow wsr packpsinn eme
oaHo csoficTso aunnm perpeccun: JnA rayccoBex CooKynHocTedt oma no-
Broper yenosnoe cpeanee. B

Tpw p = 0 ycnoswele mnoTHocTH BepoaTHocTelt (49), (50) BRipoxgawTCA
B GBEITHEIE OIHOMEPHBIE MIIOTHOCTH BEPOATHOCTEN rayccoBElx Benm<we X i
¥, ac poctom || Boe Gonlee KOHUSHTPHPYIOTCA BOKPYT YCIOBHBIX CpemHHrX.
970 cBONCTBO yenosHEIX nAOTHOCTEN BepoATHocTel wnmocTpHpYer Fig. 23.

FE)

TpadHKH yenoBHOR MNOTHOCTH BepoATHOCTER (48) NpH 0y = 0, = 1,
¥ 2 W pASHUIX 3HAYEHHAX KaoGOHUMEHTA. KOppENALIAH,

Tpw |o| =+ 1 yenosHsie n0THOCTH BepOATHOCTEN €120 COMATER K fenbTa-
bymumn. K npivepy

i e ule) =5 (v =y = 22 =) -

Tommoxws obe sacTn pasencrsa wa. fx(z), Halifiew npeenRoe cHHTYAPHOE
BLIpAXeHHe N7 COBMECTHON MIOTHOCTH BepOATHOCTEN

Jim flz,y) \/2%.7, exp (—%) 5<y—m - :{(1 _)‘v)) .

Tonsaysce cooficTaom nensTa-dpywicumin (2.24), ero voxHo Mepemcars &
apyrolt skeRBanenTHON dopyie

lim f(z,y) ! exv(—%)é(z—m—%w—m)-
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[image: image193.png]Remark:  Pasencrsa (45), (46) npeacramnaror cobolf wacrmmif caywait
npumenenna pasncorcenun Xoaeyrozo (Cholesky factorization). Tax mass-
BAKT pasTONERNE KOBAPHAIHONHON MATpHIIN

=TT 1)

na sepxuror T u mwxcamor TT Tpeyronsuee vatpum. Hasectro, 4to ana
rboif nonoxuTENsHO ONpetenentoll MaTpHI C CYLIECTBYET ETHHCTBEHHOE
pasnowenne suza (51). Paccmorpuw pasencrso

Y=T"U+n, (52)

Faie i BeRTOp CpemmX sHANeHHH rayccosolt cooxymaocTn Y, a U nesasuca-
MEiE rayCCoBH BemHUIAS C eXHHIHENH AnCTEpCH M. [TpH 3ToM anemenT
KoBApHANHORROH MaTpHIIE CoBoRymAOCTH Y pasum:

3 i {Unli) = 3 i

it e

F;

M-

Ha maTpianom A3bixe MOCTEIMes paBeHCTSO O3HAYAST, 4TO KOBAPHALIION-
as warpuia cosoxymocti Y paswa npasoft sact pasencrsa (51}, To ects
sazannolt kosapuausonsot marpune. Taxuy ofpasow (52) ects eme oo,
ansrepnarunnos x (6.33), npeacramnene rayccosoli cosoxynHocTH 5 BuIe
AnHeifinol KoMBHRANNY He3aBHCHMEX rayccopx senmans. B

Tpuwep: B nporpasve MATLAB npenycwoTpena onepati Beiawcie-
Hitn TpeyronsHolt satpwie T o sagannolt watprte C. Tlonbsyscs coorser-
crsyrowet kowannoli MATLAB, walinew pasnoxenne Xoneukoro kosaph-
auworwo marprie: (20). Bemonwms Kowanme:
>>ce(631;342;123);
35 Techol(C)
B wrore mony s
22361 1.3416 04472
0 14832 0.9439
0 [EENE

Y6emuucn s cnpaseansocTi pasenctea (51):

> T'sT
‘uraTens nero poBEpHT, 10 57a KoakAa BoSBpAAET K MaTpitte C.
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[image: image194.png]3.7.6 Xapakrepucrhueckas (yHKIHA rayccoBoil coBo-
KyNHOCTH
Hafizem xapakTepwcTHyecky o hyRKUMIO n-MepHoll rayccosoli CoBOKYN-
woct ¥ ¢ sanannsim cpemmwoan (¥} = g n kosapauwonrolt arpuuet C.
Jlns Toro seemew BcnovoraTenAyro rayccosy semwumny Z = (u - Y), rae
* NPON3BOALHEI TeTepMUHHDOBAKHEIN R-MepHBIN BekTop. MckoMan xapak-
TepucTHvecKan ynKuNA paswa

Oy{n) = (V) = (7).
C pyroli cToposl, B cHAy rayccosocTH Z Hueem
(%) = e exp (~1D(2]) .

TlogcTaBMB Croma, 3aMHCARKEIN B MATPHYKEIX 0GOIHAEHTAY, AHATIOT PaBeH-
crsa (4.15)
D(z]

w-Cu),

MONY9HM OKOH9ATENBHO

By(u) = () = exp [ifue-w) - S (u-C)] - ()
B 4acTHOCTH, IBYMepHAA XapaKTepHCTHYECKaA hYHKUHA
Ou,v) = () (54)

rayccosolt cosokymHocTw {X, Y} co cpemmmn (X) = ro, (¥} = s, w xosa-
prauwonrol Matpuueti (36) paswa

1
Ofu,v) = exp [ig + iptw = 5 (27 + BT+ 2.7,.7,,7“”)] )

B TUNHYHOM 118 MpHAOXKeH T CAYWE HYNeBsIX CPETHIX 1 OTHHAKOBELX HC-
nepentt, (55) npunmMaeT ocoSeno mpocTol B

O(u,) = exp [-g("’ 40 +2/7nv)] . (56)

Kax yixe oTvenanocs, xapakTepucTusiecke hyHKIUHH COYXT yIoSHEIM
HHCTPYMEHTOM aHan3a cBolicTs ciywalinbIX BennsnH. TIpHMeRHTeNbHO Xe
K rayccosBIM COBOKYITHOCTAM QMMapaT XapakTepHCTHHeckix (yHKUH cro-
cofeH GYKBANILHO TBOPHTS 4Y/IEC, NOMOTAA BEIMHCAAT CTATHCTHYECKHE Xa-
PAKTEPHCTHKH, KOTOPHIE TPYIHO WIBNESh HEMOCPEICTBEHHO W3 MAGTHOCTEH
BeponTHocTel. Hitxe pasofpane HeCcKONbKO MPWMEPDB, HIMIGETPHPY LK
HeKOTOPble BOMOXHOCTH AMMAPaTa XapaKTepHCTHHECKHX hyHKuMH.
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[image: image195.png]Tipuwmep: Tlyers {X,Y} rayccosa comokymHOCTs ¢ Hynessiw cpeawmin
W onnwakossi mucnepensn . Halinem mnoTHocTs meposTHocTell pas-
woctw Z = X =1/, TIpu 3ToM HeT HeoGXOMMMOCTH BEIHCAATS WHTerpans:
THma, (2.19), a mocTatouno monomwTe 8 (56) v = —u. B wrore momysws
XAPAKTEPHCTHYECKY 0 (BYHKIUNIO rayCCoBol BenmumHEl

02(u) = exp |~o™(1 - p)?]

© MAOTHOCTHIO BepoATHOCTEN

! exp[ 2 ]
2/ra?(1 - p) 41 - p)
Tipw p — 1 ona cnabo cxomwren & pensra-bywcuwn §{z), a npw p = =1
HMeeT MakeHMANBHYIO mcrepcHio of = 2207 Tlocnemwee o3nataer, 410

PasHOCTS AHTHKOPPENHPOBANKEIX 1y YalHBIX BEANSTHH TONDKO YBENWIHBaLT
cnysatinsilt pasepoc.

fa(2) =

Tipuwmep: B pasnene (2.4) nalinena mnoTwocTs BeponThocTed (2.26) mpo-
wasemenns Z = XV rayccossix semmun. ANNQpaT ¥apaKTepHCTHWECKIX
byHIUH Ma3BONAET CPABNTENEHO Nerko pewaTs MonoGHsie samawh. Boas-
vew, K MpHMepy, cy SaNHY o BenwaHHY

Z=XU+YV, (58)

rne {X, ¥, U, V} rayccosa coBOKYTHOCTS HE3ABHCHWEIX BEANSIHK ¢ HyneBEIMK
cpemHWMK W omWHakoBoll mwcmepcwed ol. Halimem smawane ycnoswyio xa-
pakTeprcTiteckyro dywkunio Z, nonaras X w ¥ saganwien. T stom
Zjxy OKaseisaeTCH nMHeNON KOMGHHAINEN OCTABWINXCA cnyYaliHEIX Benu-
e {1/, V'} ¢ rayccosolt xapaktepwcTnseckol bynKumel

xP[ #(xuy’)] .

Yepemwmnsree o X n V. Beuny nesasncnwocrn X n ¥ cpeanee pacmagasres
Wa npowsBemente omHHAKOBHIX cpemmwy. Beracamn oxwo W Wi

(exp (-"12“1 x’)) - \/2',”7/: exp [

Tocnemwatt wirerpan pasen

{exp (-";—“lx’)) = H'W (59)
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[image: image196.png]Bossens npasyio 4acTs aBeHCTBA B KAIPaT, HallTleM HCKOMYIO XapaKTep-
crnseckyto dywkumio cnysalinol senwawne Z (58):

1
T+ot?’

Oz(u) =

Orcroma, ¢ novowero oSpaTHore mpeoGpazosanin Gypue, ueen

i

wssectHoe pacnpedesenise Janaace. TIoCTPORM €ro MHCTOrPAMMY, YHCIEHHO
cwonennposas 50,000 peanwsamwtt cnysafinol senwamns: Z (53):

>> XUsprod(randn(2,50000)); YVeprod(randn(2,50000));

3> ZeXUSIV;
TlocTpomy ricTorpasyy Maccisa peanwaaum Z:

f2(2) (60)

>> zelinspace(-7,7);
>> hist(Z,2)
Tlonywesnas ructorpasinia. wsobpaena wa Fig. 24. %

Fig. 3.24
THeTorpamia pacnpenenennn [Tannaca, NOCTpOEHHAR HHENEHHEIM MO-
AeNMpOBAHHEM CnYHARHOR benkuHHE Z (58).

Remark:  3ameran, 4to B Kawecrse moSotHOro MpoIyKTA M MAmH
xaparreprcrieckyro ynxumro (59) muotsocT seposrHocreit (2.26). W

195



[image: image197.png]B npunoenwax BLKHO YMETh BENHCIATS Koppenaumn ywkunh cay-
HaARHBIX BENHTHH

B(p) = (6(X)g(V) = [ stalgto)(e.v)dudy, @)

re g(z) samanwan Gymkuns. Beisenew, OMMpach Ha ¥apakTepHCTHYECKYIO
ymcumo (56), nonestoe cootnowenwe anx B(p). Ancbchepenumnpys (5) n
pas o p, Gynew wwers

r (o)
O) = (1)t 0w, ).

Opaman 370 pasencrso Mo Bypue, 3aMHEM ero KA AIBIKE MIOTHOCTH Be-
porTwocTelt f(z,y):

I O

3" 9y
Jwdpdpepentmpys pasencrao (61) 7 paz o p, ¢ yweron (62) monywi

o) g // Aol s Bt

Tocne WHTerpUpoBaMNA Mo WacTAM, MPHIEM K YPASHEWHIO OTHOCHTEMLHO
cpenwero (61)

(62)

L2 _ iy aig . )

laiss weckonbKo MpHMepos HemonboBaiA cooTHoweRHA (63).

Tipumep: Tlyers gz) = 2. Bean n = 1, ws (63) wmeens:
4B(p)

dp
I npocTetiues mudibepenuwansroe ypasHenie oThocutenbko B(o). Halt-
JeM elIWHCTBEHHOE WHTEpECYIllee HAC pellenie ypasHenws (64), nononwis

(64)

ero “mamansweiu® ycnoswess. Tlocnemnes nony s, 3ameTns, w10 mpw p =0
Benmunne X 0 ¥ CTATHCTHSECKH HE3ABHCHMEL, 2 HCKOWOE CeTHes PasHo

Blp)l,o = (XNY}=
Orcroma u w3 (64) nmeem
Bp)=d"p. Kk

Orer ovennmen. Cam MpHtiep G5 HY3XeH A7 IeMONCTPALINN TeXHHKI
pasors: ¢ cootnowenment (63). Bosbsent mpuviep nocnoxmes:
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[image: image198.png]2. Brech ecTecTBEHHO MONOXKHTH N

&B{p)
P

Tipumep: Tyers glz

=40

JIoMOMHIS ypaBHEHIre OYEBHTHEIMI YCHOBH AMI

=4 {XN¥)=0,

lh=o

B(p)l,e0 = (XD}
Nonyuny oKomvaTensHO
Blp)=o'(1+2%%). %

Tipuwmep: Mrorwe Texwmvecire ycTpolicTsa MpeaSpazytoT HenpepeisHsie
senmunnl B anckpernsie. PaccyoTpu mpocTeliumll Mpep MoToBHorO po-

na. Tyers
. 1, 23>0,
sgn(e) =110 270

iz,

hYHKUNA SHAKA, MPHHMMAIOWAR 3HAYeRNE |, ecni & nonoxwTenbra, n —1,

ecnn otpuuarenswa. TTponssomnas sTolt ywunw paswa sign’ (z) = 25(z).
Cnenosatensho, nonoxus B (63) » = 1, nonyunw:
4B(p)

PP 40 (3(X)S(Y)) = 40’ f(z =0,y =0).

Hatizew f(z = 0,y = 0), noncrasws & (38) = 0,y = 0w o,
[loGaswe Kpoe Toro ovesHIHoe HavANBHOE YCIOBHeE, GyleM HMETE

Bl __ 2
Bl 2 J:1
P B
Taxuw opasom
-
Bl = / *
i

Tipuwmep: Haliiew Koppenaumo aumanTyn raycoossix cywalineix semw-
ann

Blp) = (IXIIY ]y
W2 (63) w oTsera npemsnyuiero mpiwepa nony i
4B(p) _ o . _ 2
2= ien (X) sign (V) = o7 - avesin(p).
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[image: image199.png]Jlononwiy 370 ypasHenwe ycnosen, KoTopoe B faMHoM crywae yrowee
Gpars npn p

B(p)lpey = (X7 ="

-2 fast].

>

B wrore wmeem

Blp)=

BSIwcANS HHTErpan, Monywiu OKORYATeNGHO

B(p)= o % [‘/1 -7 +,az.|'csin(,a)] .ox
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[image: image1.png]Remark:  Yenoswas nepostsocts Moxer Sus 1 Sanbie coorsercray-
roueit Beaycronmoli seposTrocr. Tax ecan 6 puTens mocrasin Ha mep-
Baix s nowmaseit (cobsmro A Gmaronpuarcrayror wancs 1,2, 3,4, 5), 10
nobeaa oxes 5 cumedf Kenke (cobuTne B} obecnennna 6 emy pumrpami:
P(AIB)=1. B

Buipasi nony P wepez 3 BeporT-
wocrw (1), An wero nomenu wweaNTens  awAMenaTens & (2) Ha WexonHoe
ancno wancos n. B wrore momyss

Mmap P{ANB
P(AIB) = 2 ﬁ.
B Huew Gymen p coberTit Gores kpaTk

ANB & AB.
B aTux ooanasiennax hopuyna yenoswoli BepoATHOCTH MpUMET BI

P(4B)
P(B) - ®

P(A|B) =

B obitiem cnyvrae 370 cooTHoweNHe cay KT onpedeaswueat yenosHol BeponT-
wocTw. Mt ¢ ycmexom MoMEayIoTes W TORI2, KOPIA. CXeM WAHCOB 3aBeToMe
wenpumenna,

Tockomsicy Bee paswo, Kaxoe w3 coStiTuli Gpats 22 A, a Kaoe 32 B,
wapany ¢ (3) cpasennwea dopuyna.

P(4B)

P(BIA) = T

@

© ol

4B=0
Fig. 1.20

Jluarpamuss Benna, HAMOCTpHpYIoue NpoHcxoxaenne bopuyn (5)
W {6).
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[image: image1.png]Tloncrasns 370 5(16) ey pasen 6 -
Helt kosdpbmtmenT (2.11), MOAY9HM OKOHYATENDHO

I
PW)=3_ %
=3

Bwasenun P(W) nnn weckonexnx awavewnh n npusegens: s TaSnwue 3.
Ha wee snawo, wTo BeponTHocTs P(IV), kax dymkuns m, Geictpo cxomn-
€8, W WATHWan ¢ n = 7 NAKTWWECKW COBNAIAeT ¢ MpeleNoM MpH 7 — 00
71 22 0.3679. 3Havienwe npeena HOBONBHO HEOXWIANKO ¢ MosWuHH “31pa-
Boro cueicna”. Tlocnemniit MOICKA3EIBALT, UTO €CAN HE B 3PHTENLHOM 3ane,
To Ha TPHGYHaX CTANHOWA KTO-To Bee e 3aliMeT KymnenHoe Mecto. Camble
HoTownsle 0BpaTAT BHWMaNWe Ha Gonee Tomkih adexT “WecvacTamBE
weTHbIX aicen: BepoATHOCTS, 4T0 HHKOMY He MOCHACTAWBHTCA CecTo Ha. cBoe
MecTo B 3ane C YETHBIM KOMHYECTBOM Kpecen, Golbllle v Ta e BepOAT-

HOCTE € HEYETHEIM, Ha. EIHHHILY MEHBUINM, THCIIOM MeCT.







