OT MHoecTBa cly4dalHbIX COObITHI
10 KOH(UTypaluu CJAy4dauHbIX COOBITUH

0.10. BoPoBBLEB
Hremumym eviuucaumeavrozo modeauposarus CO PAH
KpacHospckuil 2ocydapcmeenHuili yHueepcumem
a/a 8699, Arademzopodor, Epacuosapck, 660036

email: vorob@scn.ru

OcHoBHBIM U Haubojee OOMIUM MOHATUEM TEOPUU CIydalHbIX COOBITUI
10 caMOT0 HeJaBHEro BpeMeHHU CUUTAal0Ch CAyHaliHoe MHOMecmBe0 coObl-
muil [3], onpenenseMoe cTaHAaPTHBIM 06pa3oM KaK ClydYaliHbIA SJI€MeHT

(usmepumMoe oToGpaseHMe)
K:(Q,F,P)— (2%,22%) ,

3HAaYEeHUAMU KOTOPOTro CIyKaT BCEBO3MOMHbIE MOJIMHOKECTBA KOHEUHOTO
MHOecTBa coObITUil X, BbIZeJeHHbIX B airebpe F BepoATHOCTHOTO TMPO-
crpadctBa: X C F.

Bo MHOTuX mpuio#eHuaAxX (9KOHOMHUUeCKHe PbIHKHU, MeIulliHa, Gezonac-
HOCTh ¥ T.I.) STOH MOJe/I OKa3bIBalI0Ch NOCTATOUHOH 1A MaTeMaTHhyiec-
KOTO OTMCaHWA BEpPOATHOCTHOTO paclpejielieHuA COOTBETCTBYIOMUX CIY-
YaiiHbIX COOBITUI (COBeplleHHe MOKYNKH, UCIONb30BaHUE YCIyTH, 3a00-
neBaHKe, Upe3BbluaiiHaa cuTyauud u T.m.). OgHako, ”To TaM, To 37ech”
BO3HMKAIU U MPOJOKalT BO3HUKATh 3a/laud, KOTOpble He BIUCHIBAIOT-
cA B MoJelb CIy4YaiilHOTO MHOKeCTBa COOBITHUI, UJIU — BIKUCBHIBAIOTCA, HO
nocjie ype3MepHbIX Npeanojo;keHuii. CTana oyeBUIHA Hacyl[HasA TOTpe6-
HOCTb B MaTeMaTHUeCKOM MOHATHH, Oojee MUPOKOM, HEREIU cilydailHoe
MHOKEeCTBO COOBITHI, HO COXPaAHAIOIMINM €ro OCHOBHbIE NpUBJIeKaTeIbHbIE
CBOIICTBa — abcmpakmuocms U c60600a OT TPUBLIUHBIX CTPYKTYP.

I'padyuwue cobvimus
6pocaiom meHsv neped co6oli.

Anexcanap Kamnoen.

['panymiee cobbiTUe OpocaeT nepern coboit He OIHY TeHb, a LeJblil CIIEKTP

TeHen — cnermp ceoux cocmosHull. B aTom CIIEKTpe TPYAHO HEe 3aMETUTDb

© 2002 0O.}0. Bopo6béB

Ouaez Bopo6vés (ped.), Qunancoso-armyapras mamemamura u cmexcrvie eonpocvl, Tpydow @AM 2002, Epacnospck, HBM CO PAH
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OHY OOJBIIYIO YCTOUUUBYIO T€Hb — HEBO3MONCHOE COCMOAHUe TpAdylle-
ro cOObITUA — TE€Hb OT €ro HeHacTyIlJIeHUA, KoTopasad 0coOeHHO 3aMeTHa,
Korjga coObITHe O;kMaaeTcsd ¢ HeTeprneHneM. Bce ocTalbHble TeHUM — 3TO
BO3MOiHbl€ TEHU OT HACTYIJeHUA cOObITHUA, KOTOPble BCce BMecTe o0pa3sy-
IOT €r0 cnekmp 603MOWHLLLY cocmosaHull. Takoe ecTecTBeHHOe pa3bueHUe
MHO?KeCTBa COCTOAHUU COOBITHUA MOPOaaeT cOOJa3HUTEIbHYIO HUOEI0 —
B3TJIAHYTH Ha cllydyaliHble COOLITHA KaK Ha CAYYAlHYyw0 KOHPU2YPAUUW CO-
Ovimuil. ITo — HOBOe U, Mokanyil, Haubojee obllee Ha CETOOHANIHUN eHb
IIOHATHUE TEOPUU CIy4YalHbIX COOBITHI OmlpedeNsaeTCcA TaKe BIOJHE CTaH-

MapTHBIM 06pa3oM KaK CIIyJaiHbIi sleMeHT (h3mMepuMoe 0ToGpaskeHue)
x
g:(QF,P)— <n3€,2(n )> ,

3HaUEHUAMU KOTOPOTO CAy#KaT Tak Ha3dblBaeMble KOHPUTypaluu coObITUH,

an%

0603HauyaeT MHOKECTBO BCeX TaKUX KOHPUTypauuil Mnoj KOHEUHBIM
MHO#eCcTBOM coObITHIT X, BbIZeJIeHHbIX B anrebpe F BepoATHOCTHOTO MPO-
crpaictBa: X C F. Tarkum obpaszom, Kamaomy coObiTuio z € X paspe-
maeTcA “HacTynaTh’ B BHJE OJHOr0 U3 N HEYyNOPANOUEHHBIX COCTOAHUIA,

cpeau KOTOPBIX €CTh U COCTOfIHME €ro ~HeHacTyIJIeHUua .

IIpoaBu:keHne OT CAydaliHOIO MHOeCTBa COOBITHMM K CAy4YalHOM KOH-
¢urypanuu coObITUNA OTaJeHHO HAallOMUHAEeT MPOJABUKEHNE OT CIIy YalHOTO
OyJieBa BEeKTOpa, KOMIIOHEHThI KOTOPOTO MOTYT NMPUHUMATh JUIb 1Ba 3Ha-
YeHUA, K Clly4YaHOMY BEKTOpY, KOMIIOHEHTaM KOTOPOro pa3pelleHo Ipu-
HUMaThb Gojiee NBYX 3HaueHU. AHaJOrusA cTaHOBUTCA 0ojiee TEeCHOH, ecllu
CUATaTh YTO KOMIIOHEHTbl BEKTOPOB HEYIOPAIOYeHbl, U — TOJHOH, eCclu

3a0bITh O YHCJOBOMI npupojge KOMIIOHEHT.

C momomibio cayyaiHOWl KoOHUrypaunuu coObITUI yAaeTcA omnucaTh
NpakTUYeCKU Bce MbICIMMbIe U TeM 0ojlee BcTpevalolivecsa Ha MpakTUuKe
ciayyvaiiHble cTeueHUs 0OCTOATENbCTB — ciy4daiiHble KOMOWHAIUU COOBI-
Tuii. Kpome Toro, uto Haubojee BaxHO, yaaeTcsA MPeINoKUTh KJlacchl Be-
POATHOCTHBIX paclipeflejieHuii cilyJdaliHbIX KOHUrypauuii coObITUl, UMe-
IoIllYe T10CTaTOYHO IIpreMJiieMble CBOMCTBA BhIUMCIMMOCTH, KOTOPhIe NMO3BO-

JAIOT OlleHWBAaTh paclipeaelieHnd Ha OCHOBE peaHbHOﬁ " BIIOJIHE HOCTyHHOﬁ
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CTAaTUCTUKU CIYYalHBbIX COOBITUI.

Hpe,[[BapI/ITeJIbeIe onpeneleHuA

[Iycts (2, F,P) — BeposATHOCTHOe mpocTpaHcTBo, a X C F — HeKo-
TOpoe KOHeYHOe MHOKeCTBO cOOBITHUI M3 ajredpbl coObITUM JF, cocTosllee
u3 N = |X| co6brtuii. Bymem o6osnauats ¢ = )\ x gononHeHue COOLITUA
x € X — ero cocTosiHie, KOTOpOe CTaHeM Ha3BaTb HeBO3MONCHbLM COCIMOs-
Huem cOObITUSA .

OnpegenuM mis Kamagoro x € X KOHeYHOe MHOMKECTBO COOBITHUI!

Sy = Su(x) = {ag, by, cpy. .. yuy ) CF

— Cnermp 603MOMHLLL COCMOAHUL C06blmu}12 T, 1104 KOTOPbLIM IIOHMMaeTCA

MHOeCTBO (I)paFMeHTOB HEKOTOpPOI'o IMpoOn3BOJBLHOTIO p836I/IeHI/IH CcOObITUA

Z.

T = ) Wy

Wy €S,
CqI/ITEleTCH7 YTO MOITHOCTBb CIIEKTPOB BO3MOMIHBIX COCTOAAHUU BceX CcOoObI-

THUH oJMHaAKOBA:

1Sz =n—-1, zeX.
dTo — craboe orpaHUYeHNe, TaKk KaKk B pacCMaTPUBaeMON KOHEUHOW CH-
Tyaluy Bcerja MOKHO MONOMUTh

n —1=max|S,|,

U eclii Y KaKoro-To COObITUA T OKakeTcA MeHblle, yeM n — 1 coOCTOAHUI,
OOMOJHUTH ero CIeKTpP ~NMycThIMU ¢pparMeHTaMu” , Ka#goe U3 KOTOPhIX —

HEeBO3MOMHOEe C06bITI/Ie3 @ e F.

! 3pnecw u panbiie HCNOJNb3yeTCAl He COBCEM KOpPpPEKTHafA KOPOTKafA 3allCh BMECTO KOPPEKTHOI, HO Gojee
IPOMO3IKOI:

Stzy = Stay({2})-

2 Bo3MoskHbBIE COCTOSIHUA COOBITHA & 0003HAUAIOTCA MalbIMU JaTUHCKMMM OyKBaMU C WH-
TEKCOM X: Qg by Copy v vy Uy W,y - -

3 YMeCTHO yKa3aTh Ha pasiuuue MemIy HeB03momcHvlm coovimuem ) € F U He603MONHbLM
cocmosnuem coObITUS & — ero gonoiHeHueMm z¢ € F.
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Tarum obpasoM Kamjaoe x € X npeacTaBUMO B Buae pa3bUeHUA

T=ay+by+cp+ ... +u

n—1

Ha 6ojee MenKkue pparMeHThl — ero BO3MO#HbIe COCTOAHUA Ay, byy . . ., U, €
F. flcHo, uTo Kammoe r € X MoMeT HAaCTYNUTh WIK He HACTYNUTHb JHUGO
B BUJe COCTOAHUA U3 clieKTpa S, 1160 B BUIE HEBO3MO#HOTO COCTOAHUA
x¢. WUnaue roBops, Kammgoe ¢ pazdouBaeT () Ha n Hemepecerammuxca dpar-

MEHTOB — COCTOAHUIN COOBITUA X:

r°+a; +b+ce+ ... +u, =Q, rTeX

n—1

O6oznaunm Sy = Sy(z) — cnexmp HEB03MONCHBLL COCTNOAHUL COOLIMUSA T €

X, u 6ygeM cuuTaThb, YTO AJf Kaxjgoro x € X

— CIeKTP HEBO3MOKHBIX COCTOAHUI COCTOUT TOJbKO U3 OJHOr0 (hparMeHTa
x° — NOIOJHEHUA COOBITUA I.

O6o3Hayum

S(l‘) = S@(x) + S:z:(m) = {mcaga:a by, cay ... aua;}

n—1

— cnexmp ecex cocmosHuil, unu cnexkmp cooumus r € X. Kak MOMHO
3aMeTuTh, peajaraeTcA aCUMMEeTPUUHbBINA B3TJAA HA OJHO U3 COCTOAHUIMA

cnextpa S(r) — HeBO3MOHOE cocToAHMEe

CL'C, KaK Ha YHHURa/lbHOE cOOBbI-
THeE, 00UHOKO npoTuBOCTOAIIECE CIICKTPY BO3MOMIHBIX COCTOAHUIN COOBITUA

x.

4 XoTs1 opMalbHO HUYEro He MellaeT ONmpeleluThb s coObITUA x¢ cBOH COOCTBEHHBIN
CIIEKTP BO3MOKHBIX COCTOAHUI Sye = Sye(2€), Taroii uTo

F= Y

Wy GSIC

HO B TOM-TO ¥ 3aKjJII0UYaeTcsa npeaiaraemMas nuaes, 4To6bl pa3buBaTh — pasfiaraTh B CIEKTP
— UL caMo COObITHE, OCTaBlfAf €ro HeBO3MO;KHOE COCTOSHHE B BUIE ~ MOHOJIUTHOIO
omnokra”.
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MHuoskecTBO KOMOMHANMIT BO3MOHBIX U HEBO3MOMHBIX COCTOAHUIN BCe-
ro MHOkecTBa coObITuil X = {x1,...,2y} — Tak Ha3bIBAEMOE MHONECITIBO0
KoHPuzypayull — obpasyeT JeKapTOBO [IpOU3BeleHUe

®S( ) (xl)x...xS(:rN).

reX
HamomHuM, 4TO

n=|S(z)|, ze€X,

— MOIIHOCTHU BCeX CIIEKTPOB OOMHAKOBLI, 1 BBeIeM ClielHnallbHOe o003Ha-

IIeHI/Ie5

® S(z)

zeX
VIS MHOMECTea KOH@U2ypayull KOHeYHOI0 MHOMecTBa cobeITuil X, rue

‘n%‘ = plXl =V
— MOIIIHOCTh MHO#ecTBa KOH(pUTYypalluii.

[lone3Ho Tak:ke BBeCTH cleqylollee
Onpenenenune. Cnexmpom 603MONCHBLL cOCMOAHUL cOOBITUA x € X Ha3bl-
BaeTCA MHOKeCTBO COObITUN
Se(z) ={ag,...,u;},
—
cocrosllee U3 coObITUI — (PparMeHTOB pa30WeHUs COOBITUSA I:
> w,.
wy €S}
Cnekmpom HeB03MOMHBLY COCMOAHULL cOObITUA & € X Ha3bIBaeTCA MHOMKEC-
TBO COOBITUHA
So(z) = {=°},
cocToslllee U3 eIUHCTBEHHOro cobbiTuA . Cnexkmpom ecer cocmoaHull
WUV KOPOTKO cnekmpom cobbimus x € X Ha3bIBaeTCA MHOMKECTBO COOBITUM

S(@) = {2} +{aw, - u } = Sp(2) + Sa(2),

n—l

® [lockonbry umsa ['M66ca TecHO cBA3aHO ¢ MHOKeCTBOM KOHGUTYypalnuii B CTaTUCTUUECKOI
(usuke, To, cCKopee Bcero, Hauboiaee MOJAXOAANUM Ha3BaHUEM A MHOeCTBa KOHQUTY-

panuii n* MokeT GbITb 2u6fcean — N0 AHATOTUU C oyaeanom 236, HazBaHUe KOTOPOT0
CBA3BIBAIOT ¢ uMeHeM byuns.
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yc

.
-

Puc. 1: Pasouenne nmpocTpaHCTBa al1eMeHTapHbIX coObITHH () G030H-coObITHEM Z (CieBa
BBepXY ), 6030H-coObITHEM Y (cTpaBa BBepXy) 1 (BHU3Y) mapoil 6030oH-coobiTuil {x,y}.

KOTOpoe pa3buBaeTcA Ha ABe YacTU — CHEKTP BO3MOKHBIX COCTOAHUN U
CIEeKTP HEBO3MOKHBIX COCTOAHUU.

3aMeTUM ellé, UYTO CeKTP HEKOTOPOro MPOU3BOJIbHOTO COOBITUA HE MO-
#EeT COCTOAThL MeHbllle, YeM U3 IBYX COObITHIl — COOTBETCTBYIOMUX (par-

MeHTOB pa30uenus ():
S(z) = {a 2} = {2} + {z} = Sy(z) + Sa(x)

— caMoro coGbITUA & U ero gonoiHeHus z¢. Tak uto cnekTp S, () BOZMOMK-
HBIX COCTOAHUII COGBITUA X HE MOMKET COCTOATH MEHbIe, YeM M3 OJHOrO
¢parmenta: S,(z) = {z}.

Onpeaenenuve. Besruit pas, Koraa CeKTp BO3MOMKHBIX COCTOAHUI COOBI-

THNA r COCTOUT M3 OOJHOTI'O CcOOBITHA:

Su(2) = {z},

coObITHE T Hal3bIBaeTcA ﬁepMUOH—COéblmueM, B NMPpOTHUBHOM CcCjly4dae — I

Ha3bIBaeTcHad 0030H-CcOObLMUEM.
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CnekTp MNpPOU3BONBLHOIO COOBITUA I CUMTAETCA COCTaBIEHHBIM U3
(hepMUOH-COOBITUN
C
T, Qpy ey Uy,
OTMeTuM emé pas, 4to S(x) — CneKTp NpPOU3BOIBLHOTO coObITHA T € X —
5TO Bcerjga HeKOTopoe pas3bueHue {2, Tak Kak

o w, =80, zeZX

wz€S(x)

Ha puc. 1 morasaHo (cieBa BBepXy) 0030H-coGbimue x, pasbuBaroliee

MPOCTPAHCTBO HJIEMEHTapHbIX coObITUN () Ha (HepMUOH-COOBITUA W, €
S(z):
Q= > ws

w,€S(x)
(cmpaBa BBepXy) 0030H-cobvimue y, pa3buBaloliee MPOCTPAHCTBO AleMeH-

TapHBIX coOBITHI () Ha ciyyvaiiHble (hepMHUOH-COOBITUA W, € S(y):

0= Z Wy,

wy €S (y)

u (BHU3Y) napa 6030H-cobvimuil x U Yy, pa3bUBaiomas IpoCTPAHCTBO 371e-

MeHTapHbIX coObITHUIl () Ha GepMHUOH-COOBITUA W,y € S(z,y):

0= Z Z wxmwy: Z Wy,

wy€S(z) wyeS(y) Wy €S(2,y)

TIEe Wy = Wy [ Wy.

3amevanue. CnekTp S(z,y) mapbel G030H-cOOBITUN {x,y} MO#HO Tpes-

CTaBUTL B BUJe p836I/IeHI/IH Ha 4YeThIpe t-IEICTI/IGI

S(z,y) = Sop(x,y) + So(@, y) + Sy (x,y) + Spy(z, ) (%)
— Cnermpvl 603MOMHBLL cocmosarull ‘{eTpréX COOBITHUI:
Ny, =Ny’ 2Ny, xNuy,
KOTOpPbIe OJHO3HAYHO MOT'YT ObITh ~3aHyMepoBaHbl” TMOJAMHOMECTBaMU

0, {=}, {v}, {z,v}

6 3neck Takme ncnonbayeTes coKpalleHHble 0603HaueHns, Hanpumep: Sy, (,y) BMecTo Stzr({z,y}).
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HACTYTMUBIINX COObITUN U3 aymiera {x,y}. Rammaa u3 ueThIpéx uacTeit

paBﬁI/IeHI/IH OHpe,HeJIHeTCH TaR:
So(z,y) = {=° Ny},

Se(,y) ={we Ny we € Su(2)}, Sy, y) = {2 Nwy, wy € 5y(y)}
Sy (z,y) = {w, Nwy, wy € Sp(x),w, € Sy(y)}-

Paszouenue (*) fABAfAeTcA ” AByMepHbIM” 06006IIeHrueM COOTBETCTBYIOIET0

pa3bueHua ’ogqHOMepHOro” clreKkTpa:
S(x) = Sy(x) + Sz(z).
CayualiHaa KoH(GUrypainuAa coObITHH

Rar ye 6bl10 OTMedeHo, cilydailHagd KOHGUTypaluf coObITUI — 3TO
aHaJlor MHOIOMEPHOI'0 CJy4YalHOrO0 BEKTOpa C HEYIOPAJOUYEHHBIMU KOMIIO-
HEHTaMM He4YHCJIOBOM INPUPOIbl, KOTOPbIM pa3pelleHO0 NpUHUMaThb OoJjee
nByx 3HaueHuii. [Ipexe, ueMm maBaTh oblee onpejesieHue, onpeaeaum To,
aHaJIoroM 4ero ABJAETCA OJHOMEPHbIN cJay4dalHblli BEKTOpP, NHA4Ye TOBOPA
— oJlHa KOMIIOHEHTa cilIyd4aiiHoro BekTopa. Peub UgéT o cayuatinom 6030H-
cobblmuul.

Onpeaenenne. Cayuaiinvim 6030H-coObIMUEM ¢, Ha3bIBaeTCA CIyUYalHbIA

AJIEMEHT
g+ (2, F,P) — (nt7) 2(r))

co 3HAaYeHUAMHU u3 ruc6eeana nivl,
CayuaitHoe 6030H-COOBITHE ¢, — BTO CAyYaliHaA KoHPuaypayus cobvimuil
Ha rubOceaHe n{m}, Unu caydatinaa 1-wongueypayus coboimuil ¢ n BO3MOM-

HbIMU 3HaUeHUAMHU, OolpejiesifieMas paclipefieieHieM BepOoATHOCTeI:
P(g, = w,) = P(w,), w, € n'®,
[TockonbRy

'™ = S(x) = {2 ap, . .., up} = {2} + {ag, ... up} = Sp(x) + Su(x),
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TO paclpeneljieHre BGpOHTHOCTeﬁ c.nyqaf/’lHoro 0030H-COOBLITHUA — 3TO N Be-

pOATHOCTEI:

Mpuyem”’

P(gx € Sx(x)) = P(x)’ P(gx € S@(x)) - P(gx = xc) = P(xc)

— BEpOAITHOCTU TONAJaHUfA CIy4aiHOTO GO30H-COGBITHA ¢, B CIEKTPhI
Sy(z) n Sy(x) paBHBI BepOATHOCTU GO30H-COOBITUA & U €ro JONOIHEHUA
x° COOTBETCTBEHHO.

Onpeaenenue. Cayuatinaa koHgueypayus cobvimuill — 3TO BEKTOP

g:{gm .’136.%},

CcOCTaBleHHbII U3 HEYTOPANOUEHHbIX Cly4daliHbIX 6030H-COOBITUI g,, UHAUE

roBOpA, — 3TO0 U3MepPUMOe OToOpaeHue
X
g:(Q,F;P)—+<n%;ﬂ")>,

X

rge X C F — BbljelleHHOe KOHEYHOe MHOMKeCTBO COOBbITUH, n™ — MHO-

/ecTBO Bcex KoHburypanuit nog X (eub6cean kondueypayuil).
Pacnpedenenue seposmmuocmeil ciydaiiHoii KOHGUTypaluu coObITUI g

N

npeacTaBisgeT coboii Habop U3 n'' BEepOATHOCTEI:

P(w) = P(g = w),

rae
— X X
w={w,, € X} en™,
MPOU3BONILHOE 3HAUYEHHUe CIydYailHOH KOHGUrypauuu g — BEKTOp w, He-
yTopAiloueHHble KOMIIOHEHThI KOTOPOTO W, — 3T0 (HepPMUOH-COOBITUA U3

CeKTPOB S(z) cooTBeTcTBYOMmMUX cobeiTuil € X. UTak, pacnpenenenue

BEpPOATHOCTEN

{P(w), w € n%}

T Co6uitua {g, € Sp(x)} u {g, = 2°} sxBuBanentHel, Tak Kar Sp(r) = {2°} — cHeKTp HEBOZMOKHBIX
COCTOSIHUI COOEPKUT TOJBKO OJHO COObITHE: Z°.
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omnpejeifgeT COBMeCTHOE paclipelelleHUe ClyvyalHbIX OO030H-COOBITUH g,
x € X, o6pa3yomux ciydJaiiHyo KROHGUTYpaluio g.

He TpynHo 3amMeTuThb, 4TO coObITHE {g = W} — Hacmynienue KoHdu-
2ypayuy cobvimuil w — olnpepenseTca Kak

{g=w}=N{g=w:}= ] ws
reX reX

— nepeceuenue (B () cooTBeTCTBYOMUX (HepMUOH-COOBITHI W, — COCTO-
AHUI, B KOTOpbIX HacTynuau cobbiTua x € X. IlloaToMy pacnpeneneHue
BEPOATHOCTEN cly4dalHOU KOH(PUTypauuu cOObITUN g MOMKHO 3amnucaTrhb B
BUE:

P(w) = P(g = w) = P (m%w) Cwend,

OnpepeneHune. KRampasa ciayuaiiHaa KoHurypanusa coObITuii g mog X
omnpenenseT Ha OyleaHe 2% pacrnpepielleHie BepOATHOCTEN

p(X) =P(Kg=X)=P(ﬂ {9: € 8:} N {gxeSE})7 X e2%,

zeX TEX®

KoTopoe 3anaeT noj X cayuaiinoe muonecmso Kg cobbumuil, Hacmynuewur
6 cayuatnoll konduzypayuu g. Kg OyneM Tak:e Ha3blBaTh CAYUALUHO —
MHONCECTBEHHBIM OA3UCOM CAYHALHOU KoHPuypayuu cobvimull g.

[laHHOe ompe/eneHie OCHOBAHO Ha OYEBU/IHBIX PABEHCTBAX COObITHI (13
anre6pbr F):

{Kg=X}=N{g €5} N {aesh)}, Xe2t. (+
X TEXC

3aMeTUM cpasy, UTO pacnpejielieHre clyJdaiiHO — MHOMeCTBeHHOTo 6a3uca

Kg MOKHO IepenncaTb B SKBUBaJEHTHOM BH]E:

pX) = PRy = X) =P ( () {0 #0) (] oo =), X2

KOTODBIi clleqyeT U3 (%) U paBeHCTB COOLITHIA:

{90 € Se(@)} = {9 # 2}, {92 € So(2)} ={g. =2}, z€eX

O6o3HayuM

ex= N {g #2} N {g. =2, Xe2%

zeX TeX¢C
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coObITHSA, KOTOpbIe, KaKk He TPYAHO 3aMeTUTh, 00pa3yIoT Tak Ha3bIBaeMYIO
"MONHYIO TPYNNY COObITUI :

Z Ex = Q.
Xe2X

Teopema (o pasno>keHUK cnyvaitHoi KOHGUTypaLuun cobbITUI Mo cnyyaitHo

— MHOXecTBeHHoMY 6asucy). Illycmov g = {g,, * € X} — cayuaiinas KoH-

X

dueypayus cobvimuil Ha 2ubbceane n™ ¢ pacnpedeseHuem

P(w) :P(g:w) =P m%{gx:wx} y W en%,

a Kg — eé cayuaiino — mHomecmeennuill 6asuc ¢ pacnpedenenuem
pg(X) =P(Kg=X), Xec2t

Tozda das pacnpedesenus P cnpasedauso pasiomcerie

P(w) = XZ%Pu(w) - pg(X), (1)
2de, 80-nepswvL,
P(w)=P(w|ex), Xe2% (2)

— yYcao6Hble pacnpedenenus CAYLAliHoll KoH@U2YpayuL g npu YCi08UL CAY-
Yalino20 coObUMUA ex, KOMmOopoe 3aKAI04aAemcs 6 mom, umo X -nodmHo-
wecmeo komnonenm kouguzypayuu {g,, v € X} — amo 803moxncHvle co-
cmosnusn (us cneskmpa S, (x)) coboumuti © € X, a ocmaavhvie, o6pasyouiue
noommomecmeo {g,,x € X}, — amo negosmoncrvie cocmosnus (u3 cnexm-
pa Sy(x)) cobimuii x € X, u 6o-emopui,

pg(X):P(eX)a XGQ%a

— BEPOAMHOCMU IMUX CAYHAUHBLT COOLIMUTL.
JlokaszaTenbcTBO TeopeMbl CTAaHOBUTCA OYEBUIHBIM, €CJIM 3aMEeTUTh, UTO
(1) — 270 Beero auib GopMyia MOTHONH BEPOATHOCTH.

OnpeaeneHne. CoBOKYIIHOCTh

Ag = {P|X(w), X e 2%},
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cocTaBleHHas U3 YCIOBHBIX pacrpeeleHuil (2), HasbIBaeTCA KoHGuzypa-
YUOHHOL Hadcmpolikoll cayyatinot kKondueypayuu g. Paznoxenue (1) Hasbl-
BaeTCA PA3A0NCEHUCM CAYHUALHOLU KoHPuypayuu coobubimuil g no cayiatiHo —
MHOomecmeennomy oasucy Kgq.

3ameuanue. Cymma u3 npaBoii yacTu ¢popmyisl (1) Bcerma uMeeT TOMBKO

OJIHO HeHyJIeBOG cjaaraemMoe. BTO 00bfACHAeTCHA TeM, qTo
>0, wée€ Sy (%),
Py (w)

= (0 wuHaue.

[losTomy, Ha camoMm pene, popmyna (1) maa X € 92X 4 Beex w € Sx(X)

Bcerga mMeeT TpHBHaHbeIﬁ BUNO:

P(w) = Py (w) - pg(X). (1)

Cny4aitHple KOH(UTypaljii cOObITHIH
C He3aBHCHMOH KOH(GUTI'YpalluOHHOH HaaCTPOHKOH

[lepBoe npeanonoykeHne — He3aBUCUMOCTb KOH(UrypauUMOHHOW HaACTpPO-
ku. PaccMoTpuM cayuaiiHy1o KOHQUTYpaluio g, Bc CTPYKTYpa B3auMo3a-
BHCUMOCTEN Cly4YalHbIX COObBITHMH KOTOPOHW cOoCpelloTOYeHa B CIIy4YaillHO —
MHO?KeCTBEHHOM Oasuce Kg. ITO NpeAnolo;eHne 03HauaeT, YTO KOHPUry-
pallMOHHaA HaJCTpolKa Ag COCTOUT U3 HE3aBUCUMBIX YCIOBHBIX pacrpe-

nejleHruit BepoATHOCTEH Mpu YCJIOBUU €x:

II Py (wz), we Sx(X),
Py (w) = =X
0, nHaue,

rmue
Pop (w,) = P(g, = w, | ex), X €2%,

— YCJIOBHbIEe MHAVMBUAYyaIbHbIE paclipefeieH BepOoATHOCTEH CllydaiHbIX
6030H-coObITUN * € X TpU YCJIOBUU, UYTO {Kg = X} — nHacTtynusiiue

coOpITUA 00pa3ytoT nmogMHoxkecTBo X C X.



62 I Beepoccniickaa ®AM’2002 Kongepenuus

Bropoe npeanonoxeHne — cornacoBaHHaa He3aBUCUMOCTb YCNOBHbIX pac-
npeaenenuii. CoenaeM ellé oJHO JOBOJBHO CUJIbHOE NMpPeANofoxeHne He3a-

BUcUMOCTH. Bynem cuurarh, uyTo 1is Beex X € oX
Pwlx(ww) = Po(w,)/P(z) = P(g, = w,)/P(x), =€X,

—— BCe YCJIOBHbIe WHIMBUIYalbHble paclpejielleHusi BeposiTHOCTed Py,
NpPONOPIMOHAIbHBI UHIUBUIYaIbHbBIM paclpejieleHuAM BepoATHOcTel P,
cay4yaiiHbIX 6030H-cOObITUI ¢, T € X.

W3 cenaHHbIX MpeANoNoHeHuil He3aBUCUMOCTH U dopmyisl (1°) cHava-

Ja nojaydyaeM GopMyiay IJf YCJIOBHBIX paclpeneieHui:

IT P. (wm)

€X ____ we Sx(X),
Puw)=| P )
0, nHaue,

a 3aTeM GopMyay /A paclpefejeHUf BepOATHOCTEH ciyuyaiiHOi KOHU-

rypanuu g:
II P. (wx)

P(w) = % - pg(X) (3)

rzeX
nas Beex w € Sy (X).
I'n66coBcran caydyariHaa KOHGpUIypaLuuAa coObITHI?

PaccMoTpum npousBoibHOe 6030H-coObITHE = € X, B CHEKTPE BO3MO-

HbIX COCTOSIHUN KOTOPOTO
Se(z) ={ag,...,u.}
Bce (DEPMUOH-COOBITUA UMEIOT CTPOrO MOJOMUTEIbHbIE BEPOATHOCTH:
P(a;) > ... > P(u;) > 0.

Onpepnenenune. Bynem HaswpIiBaTh ciydaiiHoe 0030H-cOOBITHE ¢, T € X,

nMeroniee CIIerTp

S(x) - S@(x) + Sx(x)’ - {xc} + Sx(x)v
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eu66cosckum ¢ napamempant (3,, p,) BCAKKUI pa3, Korna® ero pacnpejede-

HHUe MOMHO IIpeaCTaBrUTh B BHUE

exp{ — B:H(w)}, we S,(v),
Pr(w) =

_ .C
1_p:1?a w=x,

roe p, = P(x) — BepoATHOCTH GO30H-coObITHA x, (3, — €ero o6pat-
Haf cTaTUCTUYeCKasa Temnepatypa, a H(w) — cTaTucTuuyeckas SHeprus
(pepMuoH-coObITHIT W € S, () — MPOU3BONBHBIX 3HAUYEHWI CIYy4aitHOrO

0030H-COOBITUA (.

B cnexTpe
Se(z) ={ag,...,u;}

BO3MOKHBIX COCTOfIHMI COOBITUA X Bcerja HaijgeTrcsa (epMUOH-COOLITHE C
MaKCHMalbHOH BEPOATHOCTBIO, KOTOpoe (B HAlIMX He YMalAIOIUX O00I-
HOCTb 00603HAaYEeHUAX) 0003HAUEHO A

P(a;) = maxP(w).

weS}

”MarcumanbHoe” ¢epMuOH-cOObITUE a, ONpededeT ellé OJUH MmapameTp,
XapaKkTepu3yIoMuii pacnpejieieHne ru60COBCKOT0 cilyYaiiHOro 6030H-COObI-

THUA T:

H, = H(a,)

— MUHUMAAbHOE 3HAYEeHUe CMamucmuieckol sHepeul 603MONCHBLT COCIO-
AHULl cOOBITUA X, KOTOpPOe 3aJaeT TaKk Ha3biBaeMblii “caenoil unmepsan”
[0, H,|, oTmenstomuii oT HylIs BCe OCTalbHble 3HAUEHUA CTATUCTUYECKOI
SHEpPrUu:

0< H, <H(b,)<...H(ug).

Onpeaenenne. ['ub6cosckoil cayuaiinot I1-koHudueypayueil cobvimuill Ha-
3bIBaeTCA ciyvaiiHaAg KOHOUTrypauusd coOBITUI ¢,, oNpeneNeHHasA MOA MO-
vHomierom {x} C X, u mpexacraBndAwomasa coboii ru6OCOBCKOe ciIydaiiHoe

0030H-coOBITUE.

8 He TpynHo MmOHATH, 4TO 6030H-cOObITUE = GydeT TUOOCOBCKUM BCAKUI pa3, Korja Bce
(GepMUOH-COOBITHA U3 €ro CIEeKTPa BO3MOMHBIX COCTOAHUN S, () NMEIOT CTPOTO MO0 HU-

TeJbHble BEPOATHOCTH.
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Takum obpazoM, 2ubbcosckas caydaiinasa 1-koHdueypayus cobvimuil g,

omnpejejeHa Ha rudbceane
ntth = S(x) = Sy(x) + Sp(x) = {z% ay, ..., u,}

pacrnpefeieHreM BepoATHOCTe
exp{ — . H(w)}, w € S;(z),
Go(w) =P(gs = w) = (4)
1—p,, w = x°.
Onpeaenenue. l'u66cosckoli cayyatinoll 2-kondueypayuetl cobvimuii Ha3bl-
BaeTcA clydyaiiHasg KoHGuUrypauus cobeiTuil g mon aymierom {x,y} C X,

paciipene/ieHnune BepOHTHOCTeﬁ HOTOpOﬁ nmMeeT BUI:

(exp{ — ﬂwa('w)}, w E Sxy(x,y),

exp{ — G:H(w)}, we S, (x,y),
Goy(w) = P(g = w) = 1
exp{ - ﬁyH('w)}’ w € Sy(x’y)’

C C _ C C
[ P(z° Ny, w = {z° y°},
roe H(w) — cTaTucThyueckasa dHePrus MPOM3BONBLHOIO 3HAYEHUA W CIy-

yaliHol 2-KoHGUTrypalnuu g, a

/Bxya /Bxa /By

— oOpaTHble CTaTUCTUYECKUEe TeMIllepaTypbl COOTBETCTBYIOUIUX O030H-
CcOOBITUM

xrNy, Ny =°Ny.

3ameuanune. Pacnpegenenne Kg nox ayniaetoMm {z,y} — ciyvaiiHo —
MHOecTBeHHOro 6a3uca ciayydailHol 2-KoHurypanuu g — omnpeaenseTcH

YeThIPpbMA BEPOATHOCTAMMU IO (popMYyJiaM:
P (Kg=10)="P(zNy°),

P(Kg={z}) = wESZ( )gxy(w) =P(z Ny,

P(Kg={y}) = weg:( )ny(w) =P(z°Ny),
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,,,,,,, |“|IIII|II| e II ||“|Iln .
. rrrrrr Qhmmmen o - Q@ O0®occcca.. . .
Sol) A So») S,(v)

Puc. 2: UupuBupyanbHble pacnpeneneHus ru60COBCKUX claydaliHbIX 0030H-COOBITHUI X U .
[To ropuzoHTanbHOlN OCU OTIOMEHa cTaTUCTUUYeCKasd SHEPTUA, 10 BepTUKaAbHOI — BepoAT-
HOCTh. [[oKazaHbl CIEKTPhl BO3MOKHBIX M HEBO3MOMHBIX COCTOAHUI cOOBITUI T U .

P(Kg={eu}) = % Gulw)=Plny)

Onpepenenue. ['ub6cosckoil cayvatinoll koHdueypayueil cobvlmuil Ha3bl-
BaeTcA clydaiiHad KOHGUTYpaluf COObITUR g TIO KOHEUHBIM MHOMKECTBOM

cobpiTuil X, pacnpeeneHre BepoATHOCTeHl KOTOpPOil ©MeeT BU:
exp{—fxH(w)}, w e Sx(X),
G(w) =P(g =w) =

c
PN, w € (),
zeX
rage H(w) — CTaTucrTmn4decrasi sHepruf Iponu3BOJBbHOI'O 3HAYEHUSI w CJIYy-

vaiiHoit KoHpurypauuu g, Sx(X) — cneKTpbl BO3MOM#HBIX COCTOAHUN CO-

OLITUN

Nz () z° € F,

rzeX zeXc¢
a By — oOpaTHbIe cTaTUCTUYECKHUE TeMIepaTypbl 3TUX COOBITHI.

3ameyvaHue. Pacrnipenenenue Kg nong X — caydaiiHO — MHOeCTBEHHOTO
6asuca ciayyaiHoil KOHQUTYpalluu g — omnpeaeisdeTcs oN BEpPOATHOCTAMU
no ¢gopmyJiam:

P(Kg=X)= Y G(w), Xec2*
WeSx(X)
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Puc. 3: Tpu pacnpenenenusa ru66coBCKUX caydaitHbIX KOHQUTypauuii 6030H-COOBITUIN X U Y.
[Imomanu 4epHBIX KPYKOB MPONOPUUOHAIbHBI BEPOATHOCTAM. BHU3Y U ciieBa OT KamI0TO
13 TpeX COBMECTHBIX pacrpejeieHuii 6030H-coObITUH T U I TOKAa3aHbl COOTBETCTBYIOLINE UM
UHIVBUOYyalbHble pacnipeneieHus. BepxHuil paa: coObITUA ¢ OTpUllaTeIbHON KOBapuanueii:
Kov,, < 0 (caeBa), coGpITus ¢ noloxuTenbHONH KoBapuauueit: Kov,, > 0 (cnpaBa) Humunii
pAl: HezaBUCHMBble coObITuA: Kov,, = 0.

I'n66coBckan caydariHaa KOH(pUIypaluuA cOObITHI
C He3aBUCHMOH KOHGUTI'YpalluOHHOH HaaCTPOHKOH

l'u66cosckasn cayyatinasa kougueypayus cobvimuil ¢ He3a8UCUMOL KOHPLU-
2ypayuonHoil Hadcmpotikoil UMeeT paclpefielieHue, onpeaeinsaeMoe 111 BceX
w € Sx(X) u X € 2% popmynoit

w _7pg(X) -expy — w
o) = e p{- £ sttt 5)

KoTopas ciaenyeT u3 (3) u (4).
3ameuaHue. Pacnpenenenne § ru60COBCKO# ciydaiiHON KOHGUTYpaluu
g C He3aBUCUMOUN KOH(PUTYypalMOHHON HaJCTPOUKOUN onpelessaeTcs:
1) pacmpenmeneHneM ciydaiiHO — MHOKECTBEHHOro Gasuca Kg, T.e. 2N
BEPOATHOCTAMMU
Pg (X)? X € 2%7
KOTOpbIe "HecyT B cebe” BCIO CTPYKTYPY CTaTUCTUYECKUX B3aMMO3aBUCH-

MocTeii N 6030H-coGbITHI U3 X, U
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2) N uHAUBUIYalbHBIMU pacnpeneleHUAMU BepPOATHOCTEH 3TUX COObI-
TUN:

Gy wEX,

Ka#loe U3 KOTOPBIX oNpefelfeTcsa n BepOATHOCTAMMU:
Go(wy) = P9, = wy), wy; € S(x).

Tarkum ob6pazoM, ob1lee KOJIMUYeCTBO TapaMeTpoOB pacnpeeeHus ru66coB-
CKOM ciiydyaiiHOU KOH(pUrypauuyd COObITUH C He3aBUCUMOH KOH(UIYpalu-

N

OHHOI HaJCTPOIiKoil’ paBHO 2V + n - N Bmecto n?V B o6meMm ciyJae.

3akJII0YeHHE

BBenenHoe B paGoTe MOHATHUE caydyalHON KOH(pUTypaluu cOoObITHH g
MO3BOJIAET YIPOCTUTh aHalu3 CTPYKTYPbl B3aMMO3aBUCUMOCTEN ciyydaii-
HbIX COOBITHI C MOMOIIbIO €€ pas3fiosKeHUA Ha ABa YPOBHA — clAyuaiiHO —
MHO#eCTBeHHOro 6asuca Kg 1 KOH(UTypalMoHHOW HauCTpoikn Ag.

B o6mem ciydae cTpyKTypa B3aMO3aBUCUMOCTEN BXOAAIMIUX B Clyvari-
HYIO KOH(GUTYpalHio cOoObITHil ompelenseTcA eé pacnpefeleHueM — n'v
BepoATHOocTAMU. Ha ciyuyaiiHo — MHOeCTBEHHOM YpPOBHe aHalu3upyeTcs
Ta CTPYKTYpa B3auM03aBUCUMOCTeH, KOTOPYIO MOKHO oNucaTh pacrpeie-
lleHueM BepOATHOCTed clyuyaHOro MHokecTBa coObiTuil Kg u KoTopas
nosToMy omnpefenseTcs Bcero 2" BepoaTHocTaAMu. IlofBafAeTcA yHURAIb-
HasAg BO3MOKHOCTb OMKMChIBATb CTPYKTYPhI B3aMO3aBHUCUMOCTEN B ciIydyaii-
HbIX KOH(MUTYypanuaXx coObITUH ”BIIOTH OO BCEX B3anMMO3aBHCHUMOCTEH B
X clydaiiHO — MHOecTBeHHOM Oasuce. I HecMoTpa Ha To, UTO NpU pa-
3yMHbIX [N caeilaTb Takoe He TPYAHO, 3TO JaeT NMpUHLIUNUAJbHbIE paHee
HeBUaHHbIE [IONOJHUTENIbHbIE BO3MOMHOCTU B CTaTUCTUUECKOM aHaju3e
CTPYKTYP B3alM03aBUCUMOCTE# cUCTEeM clAydaiHbIX COOBITUI, MO3BOJAIO-
lye CyecTBeHHO NPOJBUHYThCA B ONMCAHUU U 00bACHEHUU B3auMO3aBU-

CHUMOCTEN BbICOKUX MOPANKOB (BMJIOTH 10 N).

9 910 e B paBHOIl cTeNeHN OTHOCUTCA U K NPOM3BOJILHO CIy4daiiHOil KOHGUIypannuy coOLITHI ¢ He3aBU-
CUMOI KOH(UTrypallMOHHOI HagCTPOUKOI.
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BaarogapHoCcTH

ABTop BbipaaeT 6iaarogapHocTbh Kcenun EpmaroBoit u Enene 'onpeHox,
paboThl KOTOPbIX HATOJKHY/IMW €ro Ha aHajlorvuu, NpuBelllve K MOHATUIO
cayuvaiiHol KoHpurypauuu cobeiTuii. EpmaroBa [1] pemaeT mpaxTuuec-
KYIO 3afa4vy clly4ailHO — MHO#KeCTBeHHOI 00pab0TKN CTaTUCTUKU Ir'nOOCOB-
CKUX cJIy4daiiHbIX cOOBITUH B 06JacTU MoxapHoii 6e3onacHocTH, a ['ongeHoR
[2] mpennaraeT u aHaIU3UPYeT ABYXYPOBHEBYIO CTPYKTYPY B3aUMO3aBUCHU-
MoOCTel NBYIOJbHOTO U TMOO6COBCKOr0 cllydyaliHOro BeKTopa. ABTOpYy ocTa-
Joch Bcero Julllb 00beIMHUTh 3TU ABa NMOAX0[a, YTOObI MPUNHTU K HOBOMY

NOHATUIO B TEOPUU CIYyUYaHWHBIX COOBITUI.
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