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1. ilBa BapnaHTa oITpegeneHHH oueHoK ITapaMeTpoB 

MeTogoM MaKCHManhH0ro ITpaBgoITogo5nH 

Han5onee o5mnM MeT0.O0M oueHKll ITapaMeTp0B TeopeTH'IeCKllX cpyHK

UllH ITO 9l{CITepnMeHT8IThHbIM .08HHbIM HBnHeTCH MeTo.o M8KCllM8IThH0ro ITpaB-

. 11-2/ 
.OOIT0.005Irn, ITpe.ono)KeHHbIH ct>muepOM • 8TOT M8TO.O, K8K. ll3B8CTH0, 

o5ecITe'IIIBaeT ITonyqemre M8KCllM8nhH0 B03MO)KHQH T0'IH0CTII 0ITpe.oenemrn 

/3/ 
ITapaMeTp0B • Tl!ITll'IHbIM .OITH H.OepH0H cpII3llKll ll cpll3llKH Bb!C0KHX SHep-

rnfi HBITH8TCH cnytrnfi, Kor.oa SKCITepnMeHTanhHbie .oaHHbie B BH.Oe 0ITpe.oe

neHHb!X saperHCTpnpoBaHHblX co5b!THH, ITpe.ocTaBnHIOIIllIX co5on cnyqafiHyro 

Bb16opKy ll3 HeKOTopon reHepanhH0H C0B0KYITH0CTH, lICIT0ITb3YIOTCH .OITH 0IT

pe.oeneHIIH ouenoK ITapaMeTpoB TeopeTII'!eCKHX Bbtpa)KeHnfi .oncpcjiepenmrnnb

HhIX ceqennn a:a5nro.oaeMbIX ITpoueccoB. 

O5o3H8'IHM o5'heM BbI5opKII ( 'IHCITO saperIICTpHp0B8HHbIX co5b!TIIii) 

'Il!CITOM N , a C0B0KYITH0CTb H3MepeHHbIX .onH K8)K.O0ro CO0bITHH K00p.OIIH8T 

X V .., Benn'IIIHoii X By.oeM C'IIIT8Tb, 'ITO cymecTByeT 

ITp8BIIIThH8H TeopHH, K0TopaH 0ITHCbIBaeT ITIT0TH0CTb BepoHTH0CTH pacnpe.oe

neHUH co5bITIIii ITO nsMepHeMbIM Koop.onHaTaM B BII.Oe cpyHKUllll f( X, A) 1 

r.oe A o5osnaqaeT C0B0KYITH0CTb 0ITpe.oenHeMbIX ITapaMeTp0B a1 

•• a m • C .oucjicpepenunanbHhIM ceqenneM cooTBeTCTByromero ITpouecca aTa 

cpyHKUllH CBH3apa C00THOlli8HHeM 
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f(X ;A)= da/dX 
J(da/dX)dX 

D 

rile D o6naCTb H3M9H9Hlfll H3M9pSieMbIX KOOPllHHaT. 

Tor)la, cornacHO IIpHHUHny MaKCHManbHOrO npaanonono6HSI, oueHK8MH 

napaMeTpoB A cny,KaT TaKHe sHaqemrn A • KOTOpbie 06pama10T B MHHH-

MyM cnenyIOIUHH ¢yHKUHoHan: 

N 

<l>=-Ifnf(X ;A). 
1=1 I 

( 1) 

X 1 - sHaqeHHSI KoopmrnaT X y i -ro co6bITHSI, 

K npo6neMe oueHKH napaMeTpOB MO)KHO nonofiTH HeCKOllbKO HHaqe, 

aHanHsHpySI rHCTorpaMMy pacnpeJleneHHSI Ha6n10naeMbIX co6bITHfi, llnSI 

yno6cTBa npennono,KHM, qTo Ka)K)loe co6bITJie xapaKTepnsyeTcSI nHillb onHofi 

H3MepSieMOH KOOPllHHaTofi, KOTopaSI MO)K9T ll3M9HSITbCSI B H9KOTOpbIX npene-

nax a .5- X,::; h • TiocTpOHM rncTorpaMMy pacnpeJleneHJISI Ha6n10)lae-

MbIX co6b!Tllll no KOOPllHHaTe X c maroM h: 

k 
(h -a) 

h 

k - K9llll'l9CTBO gqeeK rllCTOrpaMMbl, llnSI K8,K/l0ll gqeli:KH MO,K9T 6bITb 

paccqHTaHa O)KJI)laeMaSI BepOSITHOCTb nona)laHHSI KOOpllHHaThl X B gqefiKy 

C HOMepoM j 

p /A)= 

x 1 +h/2 

J f(X;A)dX. 
X -h/2 

j 

EcnH B pesynbTaTe aKcnepHMeHTa 

nonano n 
1 

co6b1Tnli:, BO BTopy10 - n 2 , 

( 2) 

B nepByIO gqefiKY rncTorpaMMbI 
k 

B j -y10 gqefiKY "i ( In. =N ), 
j=1 l 

TO BepOSITHOCTb nony'lHTb HM9HHO TaKoe pacnpeneneHHe no qHcny co6bITHH. 

rHCTorpaMMbl cnenyeT 38KOHY MynbTHHOMHanbHOro pacnpeneneHHSI 

4 

t 
l 

.I 

NI k n 
P ( n 1 , n

2 
, ••• , n k ) = · ll [ p (A) ] 1 

n ' ' ' j-1 j 1° 8 2"•••• 8 k. -
(8) 

llanbille MO,KHO npHMeHSITb CT8Hll8pTHyIO T9XHHKY IIpHHUHna M8KCHManb

HOrO IIpB.BllOnO)l06HSI, T.e. OTbICKHB8Tb MHHHMyM T8KOro ¢YHKUHOHana 

k 
cll(A)=-2 n fnp (A). 

j =1 j j 
(4) 

B npellE_OE_~~El_Jilrn _o 8-_0J>~l:l_l!_h:"c:>CT_H pacnpElllEllI9!1~~-~a~ofi n_s n_L 

(9TO cnpaBe)lnHBO IIpH 6onbillHX nj ) MeTOll MaKCHManbHOro npaanono)lo-

6HSI IIPHBO/lHT K 06b1qHOMY MeTOllY HaHMeHbillHX KBa)lpaToB, T,e. K MHHH-

MH38UHH ¢yHKUHOHana: 

cll(A)= I [nj -N.pl(A))2 
l= I Ill 

KpoMe Toro, napaMeTpbl MO,KHO oueHHBaTb MeTOllOM MHHHMyMa 

¢yHKUHOHana: 

k 

x 2 (A)= I 
l= 1 

2 
[ni-N·p

1
(A)] 

Np (A) 
j 

CoaepmeHHO O'l9BHllHO, 'ITO npH illHpHHe HHTepaana h , 

2 
X 

snaqHTenbHO 

npeBblill8IOIU9ll ToqHOCTb H3Mepemrn KOOpllHHaT co6b!THH, rHcTorpaMMHblft 

MeTOll IIpencTaBneHHSI 9KCII€pHM9HTanbHbIX ll8HHbIX npHBO)lHT K noTepe 

nonyqeHHOll B 9KCIIepnMeHTe HH¢opMaUHH O KOOpllHHaTax C06bITHfi, KOTopaSI 

COOTB9TCTB9HHO CK83blB89TCSI II Ha pesynbTaTaX H8Hll9HHblX oueHOK II?pa

M9Tp0B A • C npyrofi CTOpOHbI, npH yMeHbill9HHII h llOll)Kflbl, ecTeCTBeH

no, yMeHbill8TbCSI 9TH IIOTepH nepaonaqanbHO HMe10meficSI HH¢opMaUHII 0 

KOOPllHHaTax co6bITHfi, H MeTOll onpenenemrn oueHOK napaMeTpOB H3 aHa-
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mma rncTorpaMMHoro npencTaBneHmI aKcnepnMeHTanbHbIX AaHHbIX AOn:>KeH 

npn5nH:>K8TbCSI K paccMOTpeHHOMY Bbillle MeT0JlY HenocpenCTBeHHOro aHa-

u . xi 
nnsa nony'leHH0H COBOKYilH0CTll co5bITllil: • TTonHOCTbIO T0}l{JleCTBeHHbl8 

pesynbT8Tbl 3TH MeT0Jlbl onpeneneHHSI oueH0K napaMeTp0B 1:xanyT He TOnbKO 

npn lllllpnHe h IIHTepBana SI'lefiKH, paBHOfi TO'IH0CTH ll3MepeHHSI KOOpJlll""'.'. 

HST CJ x , HO II npu h > CJ X , ecnu B cuny orpaHH'leHH0CTU 05'1>eM~ Bbt5op

KU N -pas5ueHue co5bITllfi no SI'leil:KaM rucTorpaMMbl npuBe)leT K TOMY, 

'ITO B K8:>KllOfi SI'lefiKe oKa:>KeTCSI He 5onbllle 0JlHOro co5bITHSI. ·PacCMOTpUM 

)lnSI SToro cny'laSI rrpuBeneHHbifi tpyHKUUOHan ( 4). rrpn MllHllMll38Ulill KOTO

poro H8XOJlSITCSI oueHKll UCKOMb!X rrapaMeTpOB. TaK K8K 

p (A)~f(X ;A)h 
l l 

k 
ll ll3 cyMMbl }: BbmanaIOT 'lneHbI, nnsi: KOTOpbIX 

- l 
nl = 01 TO tpyHKUllO-

Han (4) npllHHMaeT Bllll 

N N 

<I> (A)= -I l'n h f(X 1 ;A)=- I l'n f(X 1 ;A)-N fu h, 
1=1 I= 1 

( 5) 

rne sHa'loK 03H8'188T nopSI/lKOBblfi HOMep TOnbKO Tex SI'leeK rncTorpaM-

Mb!, B KOTOpbie rronano no OJlHOMY saperncTpllpOB8HHOMY co5b!THIO. TTony

'leHHb!il: tpyHKUHOHan oTnll'18eTCSI OT tpyHKUHOHana ( 1) nHlllb nocne)lHllM 'lne-

HOM, He 38BllCSilllllM OT rtapaMeTpOB A • ll TeM, 'ITO B HeM BenH'lllHbl XI 

o503H8'18IOT ue KOOpJlIIH8Tbl saperncTpllp0B8HHblX co5bITllfi, a ueHTpb! SI'leeK 

xi B nnTepaType MO:>KHO BCTpeTllTb IlOCT8HOBKY Bonpoca o5 OilTHManb-

HOfi lllllPHHe SI'lefiKH rncTorpaMMbI. Tax, HarrpnMep, B KHnre n . .HHOllllll41 

paccMoTpeH Bonpoc o5 onpeneneHHII orrTnManbHOfi lllllpHHbl SI'lefiKn rncTor

paMMbI C TO'IKH speHHSI X 2 -KpUTepnsi:. OJlH8KO, K8K OTMe'leHO B Toil: :>Ke 

pa5oTe, Benn'IHHa HHTepBana rncTorpaMMbI, orrpeAeneHHasi:_ ns ycnoBnSI 

rrony'leHHSI JlOCTaTO'IHOfi CT8TllCTH'leCKOfi TO'IHOCTll B K8:>KllOM llHTepBane, 

orrTnManbHa nlllllb B paMKax Bb15paHHoro X 2 
KpHTepnsi:, a He o5mero 

rrpHHUHila M8KCHManbHOro npaB)lOil0Jl05nsi:. 
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rncTorpaMMhI, B KOTOpb1e nonann STH co5b1Tusi:. Ho TaKoe pasnn'lne 

COBepllleHHO He cymecTBeHHO, T8K K8K OHO He OTpa:>KaeTCSI Ha TO'IHOCTH 

oueHoK, a T8K:>Ke ll 'Ha nony'laeMb!X KOHKpeTHbIX 3Ha'leHHSIX oueHOK napa

MeTpoB, ecnn MO:>KHO npeHe5pe'lb ll3MeHeHneM tpyHKUlilI f ( X; A ) 
• 

B rrpe)lenax lllllpllHbl llHTepBana OTJlenbHOfi SI'lefiKH. 3To 3H8'1HT, 'ITO Jlanb-

Hefilllee yMeHbllleHne lllllpllHbl llHTepBana SI'leeK rncTorpaMMbl y:>Ke He npn

Be)leT K IlOBblllleHllIO TO'IHOCTH onpeJleneHUSI oueHOK napaMeTpoB, XOTSI 

rucTorpaMMHoe npeAcTaBneHue AaHHhIX rro-npe:>KHeMy eme He cooTBeTcTBy

eT TO'IHOCTH ll3MepeHUSI KOOPJllIH8T 3aperncTpllpOB8HHbIX co5bITHfi. CoBep

lll8HHO O'leBHJlHO, 'ITO Bb!COK8SI TO'IHOCTb ll3MepeHnfi KOOpJlllHaT cny'lail:Hb!X 

co5b!TUfi MO:>KeT CK838TbCSI Ha TO'IHOCTH onpe)lenemISI oueHOK TeopeTU'leC

KllX napaMeTpOB TOnbKO npn JlOCT8TO'IHO 5onbllIOM 05'1>eMe CT8TllCTII'leCKOfi 

BbI50pKll co5b!Tllfi. 

CoBIT8Jl8Hlle tpyHKUIIOHanoB ( 5) ll ( 1) 03H8'18eT, 'ITO paCCMOTpeHHbifi 

MeTOJl onpeAeneHusi: oueHoK ncKoMbIX napaMeTpoB ns aHanusa rncTorpaMMbI 

pacnpeAeneHnsi: saperncTpnpoBaHHhIX co5b1Tnil B npeAenbHOM cny'lae nepe

xoAHT B OilTHMam,Hb!H B8pll8HT oueHKll napaMeTpoii no MeTOJlY M8KCHManb

HOro npaBJlOilOJlo5nH1 KOrAa aKcrrepnMeHTanbHblfi MaTepuan aHannsupyeTcsi: 

HenocpeACTBeHHO 5es noTepn nony'leHHofi. B aKcnepnMeHTe nHtpopMaunn. 

TTpn conocTaBneHnu aTnx ABYX MeTOJlOB aHanusa aKcnepnMeHTanbHbIX 

Jl8HHhIX Mb! He Y'llITbIBann rrorpellIHOCTll ll3MepeHHSI caMUX KOOpJlllH8T co-

5b!TIIfi, C'IIITaSI, 'ITO OCHOBHYIO HeorrpeAeneHHOCTb BHOCSIT qinyKTyaunn B 'IHC

ne saperucTpllpOB8HHhIX co5b!Tllfi. KoHe'IHO, rrpn Jl0CT8TO'IHO 5onbll!Ofi CTa

TlICTHKe MeTOJl rucTorpaMM eme JlO Bb!IlOnHeHHSI ycnOBllSI IlOil8Jl8HllSI B Ka:>K-

Jlblfi llHTepBan SI'leHKll He 5onbllle OJlHOro co5b!THSI JlOCTllrHeT rrpe)lenbHO 

B03MO:lKHOfi TO'IHOCTH, ecnn llllipHHa llHTepBana h CTaHeT p8BHOfi rrorpellIH0-

CTll ll3MepeHHSI COOTBeTCTBy10mefi KOOPlllIH&TbI. 

AHanns SKcrrepHMeffTanbHbIX Jl8HHbIX, rrpeJlCTaBneHHbIX B BUile rncTo

rpaMM, B CBH3H C rrpaKTH'leCKHMll YA05CTB8Mll ncrronb30B8HHSI MeTO)la Han-
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MeHbIIIHX KB8Jlp8TOB IIIHpOKO rrpHMeHHeTCH II B Tex cnyqagx, KOr)la T8KOe 

rrpeJlcTaBne1me Jl8HHbIX npHBOJlHT K onpe)leneHHoi'r noTepe rronyqeHHOfi 

B 9KCIIepHMeHTe HHtpOpMaUHH. OJlH8KO npu COBpeMeHHbIX cpeJlCTBaX Bbrqucnu

TenbHOH TeXHIIKII HMeIOTCH Bee OCHOB8HIIH rrpnMeHHTb OilTIIManbHblll MeTOJl 

oueHKII TeopeTnqecKnx napaMeTpoB us nenocpeJlCTBemmro aHannsa sKcne

pnMeHTanbHOro MaTepuana 6es BHecemrn orpy6neHHfi rrpu pas6ueHIIII ero 

no OT)lenbHbIM gqefiKaM rHCTorpaMMbl. nng npaKTIIqeCKOH peanusauuu 9TO

ro MeTOJla Heo6XOJlIIMO, OJlH8K0, peIIIIITb 38)laqy yqeTa IIHcpopM8UIIII, nony

qaeMofi B cpOIIOBbIX II3MepeHHHX, 

II, YqeT ffiOHOBbIX co6brTnfi non oueHKe rrapaMeTP0B 

Ha rrpaKTHKe npHXOJlIITCH aHannsnp0B8Tb 9KcrrepnMeHTanbHbJe Jl8HHbie 

B BH)le saperncTpHpOB8HHbIX co6brTHfi, o6ycnoBneHHbIX nccne)lyeMbIM sqicpeK

TOM H cpOHOBbIMII rrpnqnHaMII, a T8K)Ke 9KcnepnMeHT8nbHbie Jl8HHbie, rrony

qeHHbie OT)lenbHO B cpOHOBOM 9KCrrepHMeHTe, B rncTorpaMMHOM MeTO)le 

rrpe)lCT8BneHHH 9KCnepIIMeHTanbHbIX Jl8HHbIX yqeT cpOHOBbIX H3MepeHHfi CB0-
• I 

JlHTCH, ecTeCTBeHHO, K np0CTOMY BblqHT8HHIO qncna qJOHOBbIX C06bITHHX • 

saperHCTpHpOB8HHbIX B COOTBeTCTByIOlliHX HHTepBanax rrepeMeHHbIX, H3 qnc

na co6bITHH, rronyqeHHbIX B OCH0BH0M 9KCrrepnMeHTe IIpH nccneJlOB8HHH 

9cpcpeKT8 B rrpncyTCTBHH cpoHa. Hafi)lSHHaH T8KHM o6pasoM pa3HOCTH8H 

rncTorpaMMa pacnpeJleneHHH qncna co6bITHfi ncrronbsyeTCH saTeM JlnH 

orrpeJleneHHH oueHoK rrapaMeTpoB, orrpeJlenH10mnx TeopeTnqecKoe orrncaHne 

xi 
IT pH 9TOM HMeeTCH B BHJly I qTQ pesynbT8TbI, rronyqeHHbre Herrocpe)l-

CTBeHHO B tpOHOBOM 9KcnepnMeHTe, no npOJlOn)KHTenbHOCTH 9KCIIepHMeHTa 

H HHTeHCHBHOCTH rrepBHqHoro rryqKa qacTHU, rrpHBe)leHbl rryTeM C0OTBeTCTBYIO

mefi nepeHOpMHpOBKH K ycnOBHHM OCH0B}IOro 9K_crrepHMeHTa. 

8 

~ 

( 
·-t-

nccne)lyeMoro scpcpeKTa. H nHIIIb rrpu onpeJ:teneaun rrorparrHocTefi'rronyqeH

HhIX oueH0K rrapaMeTp0B yqHTbIBaeTCH, qTo JllICITEpCIIH ncnonb30B8HHbIX 

rrpn aHanuse pasHocTefi n~+cjJ_ n1 cp paBHhr cyMMe qncna co6b1Tnfi, sape

rucTpupoBaHHhrX B OCHOBHOM II cpOHOBOM' 9KCnepnMeHT8X n s+cp + n ~ , 
' l l 

PaccMoTpHM Terrepb 38)laqy yqeTa qlOHOBbIX H3MepeHHfi rrpn orrpe-

)leneHHH rrapaMeTpOB MeT0JlOM M8KCHManbHoro IIp8BllOITOJl06HH B pesynb

TaTe aHannsa, B KOTOpOM ncnonbsyeTCH BCH rronyqeHH8H B 9KcrrepHMeHTe 

nmj,opMaUHH 0 KOOpJlHHaTax saperncTpHpOB8lIHbIX C06bITHfi. Co6bITHH, 

3aperncTpHpOB8HHbie B OCHOBH0M 9KcnepHMeHTe, rrpe)lcTaBnHIOT co6ofi 

01yqafiHy10 BbI6opKy M s+cp C06bITHfi C KOOpJllIH8T8MH X
1 • X 2 'xi, ... 

... , X N s+cp H3 reHepanbHOH COB0KYITH0CTH C06bITHH, xapaKTepnsyeMoli: 

HeKoTopofi cpyHKUHefi·rrnoTHOCTH BepoHTHOCTII pacrrpeJleneHHH no rrepeMeH

HbIM X 

f ( X)=(l-f3)f 9 (X;A)+f3f,1-.(X), 
s+cp '±' 

( 6) 

. r)le fa,< X; A ) H \ ( ~ )- COOTBeTCTBeHHO rrnoTH0CTH BepoHTHOCTH pacnpeAene-

HHH co6b!THH nccneJlyeMoro scpcpeKTa n cpoHoBoro rrponcxo)KJleHnH, a 

. fl -HCTH!IHoe 3HaqeHne OTH0CHTenbHOli JlOnH cpoHOBb!X C06bITHfi. 

AHanornqHo, C06bITHH, saperncTpHp0BaHHbJe B tpOHOBOM 9KcnepnMeHTe, 

rrpeJlCTaBnHIOT co6ofi cnyqafiHyIO Bbr6opKy M cjJ - C06b!THH c KOOpJlHHaTa-

MH X 1 , X2 , .. ,X 1 .... X Ncp ns reHepanbHoli: coBoKynHoCTH, xapaK-

TepnsyeMofi rrn0TH0CTbIO pacnpe)leneHHH tpOHOBbIX C06bITHfi f cjJ ( X) 

AHannsnpyH MeTOJlOM M8KCHM8nbHOro npaB)lOITOJl06HS1 Jl8HHbie TOnbKO 

Bb16opKn M +,1-. 6es yqeTa pesynbTaToB cpoHoBoro sKcrrepnMeHTa, rronyqnM 
9 'i' " 

KpHBYIO perpeCCHH f s+cp ( X) 1 npeJlCTaBnH10my10 HannyqIIIyIO oueHKY 

cpyHKUHH nnoTH0CTH BepoHTHOCTH pacrrpeJleneHHH co6bITHfi reHepanbHOH 

COBOKynHOCTH £_ s+cp (X) • B CBOIO oqepeJlb, 8H8nH3 .ll8HHbIX cpOHOBOro 
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pacrrpeaeneHnSI noaBonSieT orrpeaennTb HeKoTopyro KpnByro perpeccnn f <l> (X ), 

SIBnSIIOIUeficg oueHKOll llCTUHHOfi <pyHKllllll nnoTHOCTll pacnpeaenenng <pOHOBbIX 

co6h1Tnfi. B cnny cxoanMOCTII oueHoK, aaBaeMhIX MeTOJlOM MaKCIIManbHo

ro npaBaorroao6nSI, nonyqaeMble nnHnn perpeccnn npn HeorpaHnqeHHOM 

B03pacTaHIIll o6'beMOB Bb16opoK CTpeMSITCSI K llCTllHHbIM <pyHKllllSIM pacnpe-
aenemrn 

" " 
f ~(X) ➔ J ~ 
a+'t' . a.t't' 

(X) f<p(X) ➔ fJX). 

Na+<!> ➔ 00 

N<ji 
ITpn aToM -N-- ➔ f3 

a+<p 
, a nonyqaeMbie B OCHOBHOM ll <pOHOBOM 8Kcnepn-

MeHTe rrnOTHOCTll pacnpeaeneHllSI co6b!Tllll CTpeMSITCSI COOTBeTCTB0HHO K nc-

THHHhIM ·nnoTHOCTSIM pacnpeaeneHllSI co6b!Tllll N .• f (X) ll 
a+<!> a+<!> 

N <l> f <l> ( X) • 8To 3HaqnT, qTo pa3HOCTb a!cnepnMeHTanbHC:. Ha6nroaaeMbIX 

nnoTHOCTefi pacnpeaeneHnfi co6bITnfi N a+<ji f a+<!> (X )- N <l> f <l> (X) CTpe-

MllTCSI B npeaenbHOM cnyqae N 'a+<p ➔ 00 ll N <l> ➔ 00 B cuny COOTHOlll0Hll51 

( 6) K llCTHHHOMY pacnpeaeneH~lO nnoTHOCTll co6b!Tllll HCCneayeMOI"O a<p<peK-

Ta N f ( X; A) , a<ji<peKTllBHyro oueHKY KOToporo HaM neo6XOJlHMO 
9 9 

HafiTH ilmr peanbHhIX BhI6opoK orpaHHqeHHOI"O o6'heMa. KoHeqHo, oueHKOll 

ucKoMoro pacnpeaeneHHSI npn orpam1qeHHOM o6'heMe cnyqafiHhIX Bh16opoK 

Ma+<!> II M<l> MO)KeT 6bITb qiyHKUHSI pa;npeaeneHIISI(N
9
+qi-Nqi) f 

9 
(X;A), 

nafiaeHHasi II3 aHannaa paaHoCTII N a+<!> f a+<!> ( X) ..'.. N ,~ 1 qi ( X >,: 
OaHaKo npeaBapnTenbHoe nonyqegne KplIBhIX perpeccnfi f a+qi (X) II f qi (X) 

ll3 OTJlenbHhlX aHanH30B BbI6opoK M a+<p ll M <p TaK)Ke CBSI3aHo C HeKo-

TOpofi noTepefi nepBoHaqanbHO llMeromeficg 8KCIIElpHM0HTanbHOll HHqiopMaunH ·1 

na-aa orpy6nem1fi, BHOCllMhIX npn BbI6ope TeopeTHqecKofi qiopMbl onncaHHSI 

9THX qiyHKUHfi. KpoMe Toro, TaKofi BapHaHT aHannaa H3nHllIHe ocnO)KH0H KaK 

Heo6XO)lllMOCTblO Bb16opa l"llIIOTe3bl TeopeTnqecKOI"O onncaHnSI qioHa, TaK n 

caMHM rrpoBeaeHneM npeaBapnTenbHoro aHannaa c uenbro onpeaeneHnsi Bcno

MoraTenbHhIX KpHBbIX perpeccnn. IToaToMy aaHHhlll: MeTOJl yqeTa peaynbTa-

TOB qiOHOBhIX ll3MepeHHfi cneayeT IIpHM0HSITb TOnbKO B TOM cnyqae, KOI")la 
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➔ 

,. 

HM010TC51 Ha)le)l(Hbie JlOIIOnHnTenbHbie CB0Jl0Hll51 0 <pyHKUHH pacrrpeaenemrn 

,<pOHOBbIX co6bITHfi. TaK, nanpnMep, llHOI"Jla HMelOTCSI TeopeTnqeCKHe OCHO

BaHllSI npHHSITb Han6onee npocTyro rnnoTeay o paBHoMepHOCTH pacnpeaeneHHSI 

qioHa. TaKofi IIpHMep y'Il!!Ta <pOHOBbIX co6bITHfi rrpn ncnonb30BaHnn MeTo}la 
- . /5/ 

MaKCHManbHOI"O npaB)lOIIOJl06ng pacCMOTpen B pa6oTe • 

B HaCTOSIIUefi CTaTbe rrpeanaraeTCSI nan6onee o6mnfi MeTOJl BbI'IHTaHHSI 

qiona rrpn orrpeaeneHHll oueHOK napaMeTpOB MeTOJlOM MaKCUManbHOI"O npaB)lO

IIOJl06ll51 C y'Ii!!TOM lIHJllIBll)lyanbHhIX KOOpJlllHaT aaperncTpnpoBaHHhIX co6bI

Tllfi. 8TOT M0T0Jl ne CB513aH C IIpllHSITlleM KaKnx-nn6o l"lllIOT03 0 qiyHKUlllI 

pacnpeaeneHHSI qioHOBhIX co6bITHfi, H noao6no o6bi'IHOMy MeTOJlY BbI'IllTaHHSI 

<pona IIpH l"lICTOrpaMMHOM npe)lCTaBneHHll 9KCIIepnMeHTanbHbIX JlaHHb!X Y'Ill

TbIBaeT TOnbKO llH<pOpMaunro, nonytJeHHyro 06 8TOfi qiyHKUlllI pacnpeaeneHHSI 

B cneunanbHOM <pOHOBOM 9KCIIepnMeHTe. 

ITpeacTaBllM ce6e, 'ITO y Hae IIOSIBHnacb B03MO)KHQCTb ycTaHOBllTb, 

KaKne llMeHHO C06bITH51 B BbI6opKe M a+<!> SIBnSIIOTCSI qioHOBbIMll. Toraa, 

OT6pocnB 8TH nO)Kllbie C06bITlISI, Mbl Mornn 6bI npeacTaBllTb BepOSITHOCTb 

nony'IeHHSI co6bITllfi, OTHOCSIIUHXCSI TOnbKO K nccneayeMoMy acpqieKTy, B cne

JlYIOIUeM Bll)le! 

Na+qi -~ ~ 
P =W(N ~ -N_;l - Il ' f (X ;A)dX . 
a a+4' :r 1 =I J J (7) 

rae N ,qi - o6mee qncno qioHOBhIX C06bITHfi, aaperncTpnpoBaHHhIX B OCHOBHOM 

8KCIIepnMeHTe, W ( N a+ip - N ~ ) - BepOSITHOCTb rronytJeHUSI . 

N a+<l> - N 'IP) co6hxTnfi aip<peKTa. 

Tpe6oBaHne onpeaeneHnsi oueHoK napaMeTpoB A na ycnoBHSI nony-

tJeHHSI M8KCllMyMa mpoSITHOCTH p H npnBOJlllT K MllHllMHaaunn <l>YHKUH0-
9 / 

Hana (1) IIDR OTCVTCTBHH !pOHa B lI3MepeHHSIXX 
xi 

3aMeTnM, 'ITO B351Tblll C o6paTHhIM 3HaKOM fn p 0TnHtJ;80TC51 OT 
1IpHB0Jl0HHOI"O <pyHKUlIOHana ( 1) Ha BenH'IHHY -fn w ( N / - N, ) • He 38BH
csimyro oT rrapaMeTpOB A , onpeaenSiromnx HopMnpoBaHJly~ rrnoTWocTb pacnpe
aeneHHSI C06bITHfi IIO KOOpJlirnaTaM f(X;A ) . 3TOT 'IneH <pyHKUHOHana IIp8BllO
IIO/l06HSI He06XO/lllMO Y'IlITbIBaTb rrpn ncnonb30B8Hllll nonHOI"O cetJeHllSI nccne/lye
MOI"O npouecca. 
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HO BMeCTO npOCTOI"O OT6paCbIB8HIHI II3BeCTHbIX qioHOBbIX co6bITIIH 

MO}KHO 6bmO 6bI ocymecTBIITb CBoeo6pasaoe .. BbltJHT8HHe .. IIX II3 Bblp8-

}K9HIIH BepoHTHOCTII nonytJeHIIH Bceil Bb16opKII M a+qi 

p , 
a+qi 

N a+qi 

= W (N ) II f(XJ; A)dX1 , 
i'+qi i --=1 

( 8) 

rrpH COCT8BneHIIII KOToporo qioHOBbie co6bITHH 6bmU oum6otJHO OTHeCeHbl 

K uccnenyeMoMy aq><peKTy. lleii:cTBIITenbHO, Mb! npuneM K TO'IHOMy Bb!p8}K9-

HUIO ( 7)' ecnII no}K.l{O COCT8BneHHYJO BepOHTHOCTb p ;+qi yMHO}KUM Ha Be

nII'IUHY 

y = 
0 

W (N a.::!-qi -N~) 

W ( N a+qi ) 

Ji~ip 

I 

rllP- f(X ; A )dX k 
k k . 

BKnJO'IUB B IlpOU3B9ll9Hll9 fl f ( Xk ; A) d Xk BepOHTHOCTII nonytJeHJIH 38 
k=l 

C'leT uccnenyeMOI"O aqiq>eKTa TOnbKO co6bITIIfi, COBil8Jl8JOWIIX C IISBeCTHbIMII 

q>OHOBbIMII co6b!TIIHMII BbI60pKII M a+qi· 

Ty }1{9 npouenypy "BbI'IIIT8HIIH" cnenyeT npIIMeHUTb II TOI"Jla, KOI"Jl8 

no:>KHbI9 qiOHOBbI9 C06b!TUH B BbI60pKe M a+qi HensBeCTHbI, a CT8TIICTH'lec

K8H oneHK8 y MHO}KUT9nH yo nonytJeHa Ha OCHOBe cneuIIanbHO no

CT8Bn9HHOI"O qioHOBOI"O 9KcnepIIM9HTa. To eCTb, BM9CTO MHO:>KIITenH y Mb! 
0 

BOCilOnbSyeMCH MHO}KHTeneM 

I 

y = W(N a+qi ) ;~f(X ·A )d X 
I I' I 

W (N a+qi-Ng) 
( 9) 

OTHomeHIIe KOTOporo K Yo B cpe11HeM paBHO 9JlIIHIIlle. 
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~ 
f· 
! I 

) 

11"· 
il 

'1_:· 

ITocne yMHO}KeHIIH P ;+qi na y 

BenHtJIIHbl 

BMeCTO p nonytJHM Oll9llKY 9TOil: 
9 

N~qi 

(10) 
H f(Xj;A)dXj 

" N ) J4> • 
Pa=W( Na+ql- qi Nn f(XI ;A)dXI 

I 

CooTB9TCTBYJOWHH Oll9HKe BepoHTHOCTII nonyqemrn co6bITIIH aq><peKTa B Bbl-

6opKe M a+qi qiyHKllliOHan npaBJlOIIOJl06HH C TO'IHOCTbJO AO qneHa 

- £0 W ( N a+qi - N qi) IIMeeT BIIJl 

Nve+qi Nip 

cl>=-[ I. en f(X ;A)- I, £nf(X ;A)]. (11) 
J=l j 1=1 I 

11s ycnoBIIH MIIHHMH38UHII 9TOI"O q>yliKllIIOHana II nomKHbl H8XOllUTbCH OUeH

KH napaMeTpoB A B cnyqae, KOI"Jl8 9JlIIHCTB9HHbie CBe)leHUH O BepOHTHO

CTlI npncyTCTBlIH nO:>KHbIX co6bITIIH B pesynbT8T8X OCHOBHOI"O 9KcnepuMen

T8 nonyqeHbl B cnenIIanbHO nocTaBneHJIOM qiOHOBOM 9KCnepHM9HTe. To ecTb 

"c"" COOTB9TCTBYJOWHe Oll9HKU A a , a , ... a ) 
1 2 m 

napaMeTpoB nomKHbI 

onpe11enHTbCH HS ypaBH9HIIH 

att> Ns,t-qi a en r(x 
1
;A) Nqi 

-- =- [ I, ---,,--- - I, 
a A J=l aA 1=1 

aen rcx
1

; A) . 
-----------]= o. aA 

( 12) 

ITpe11no:>KeHHblH MeTOJl ytJeTa. pesynbT8TOB qioHOBOI"O 9KCilepnMeHT8 

COBepmeHHO aHanoruqen Bbl'IHTal!IIJO qioHOBb!X cnyqaeB B f'IICTOI"paMMHOM 

npe11cTaaneHIIII 9KCnepIIM9HT8nbHbIX Jl8HHbIX. B qacTHOCTII, IICXOJlHblH qiyHK

UHOHan npaa11ono1106nn, IIcnom,syeMb1il: npII rucTorpaMMHOM npe11cTaBnemm 

A8HHbIX, B npenenbHOM cnyqae, KOI"Jl8 B K8)KAYJO H'l9HKY f'IICTOI"p8MMbl 

nonanaeT He 6onbme OJlHOI"O C06bITIIH, nepeXOllIIT B rronytJeHHbifi H8MII 
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qiyHKUHOHan ( 11). neil:cTBHTenbHO, pasHOCTHaSI I'HCTorpaMMa npeacTaBneHa 

a Ka)KJlOM HHTEpBane nepeMeHHbIX X qucnoM co6bITHii, saperHCTpHpoBaH-

HbIX B OCHOBHOM 9KcnepHMeHTe ( 
n a+qi )i sa BbI'!eTOM 'IHCna C06bI-

THii ( n qi) j I saperucTpHpoBaHHbIX B COOTBeTCTByromeM lIHTepaane B ¢0-

HOBOM 9KCnepHMeHTe, CneaoaaTenbHO, qiyRKUHOHan ( 4). npH MUHHMH3aUHH 

KOToporo onpeaenSIIOTCSI oueHKH napaMeTpoB, JlnSI paSHOCTHOii I'HCTorpaMMbl 

npHHHMaeT BH/l 

k 

<I> ( A ) = - I [ ( n ~+,i.. ) - ( n ,i.. ) ] fn p
1 

( A ) 
l= t O 'I' l 'I' l 

k 

= - [J;l (n a+qi 

rae 

pl(A) = 

Xp- h/2 

I r 
Xj-h/2 

k . 

) l en pi (A) ._ i] (n~ )l en p
1 
(A)], 

(X ; A )dX . 

( 13) 

( 14) 

ITpH /lOCTaTO'IHO Manoii aenH'IHHe HHTepaana gqeiiKH COOTHOilleHHe 

( 14) MO)KeT Ob!Tb saMeHeHo' Ha 

Pi (A) =f ,(Xl; A )h. ( 15) 

PaccMoTpHM qiyHKUHOHan ( 13) B ClJY'!ae Bb16opa HaCTOnbKO Manoii 

aenH'IHHbl HHTepaana h 1 'ITO npu saaaHHOii CTaTHCTHKe Bee ( n a+qi ) j 

II (n4i ) j CTaHOBSITCSI paBHbIMII _nH6o o, nu6o 1. Toraa 
k N9+qi 
I(n ,i..)fnhf(X.;A)=I enhf(X 1:A)= 
l=l a+'I' j N a+qi l l=l 

= N a+¢ e n h + 
1
] en f ( X 1 ; A ) , 

14 

rae cyMMHp0B8HHe H/leT TOnbKO no TeM gqeiiKaM I'HCTOI'paMMbI, anSI KOTO-

pb!X ( n +qi )j = 1. CooTBeTCTBeHHO, 
k 

9 
N qi 

I(n4i)
1

enhf·(X ;A)=N4ienh+I fnf(X 1 ;A). 
j=l j l=l • 

Cne/loBaTenbHO, qiyHKUHOHan (13) npHHHMaeT BUil 

N.a+qi N qi 

<I>(A)=-[ I fnf·(X
1 
;A)- I enf·(X ;A)]-(N a+,i..-N, )enh, 

i=l i=l I 'I' - !p 
( 16) 

KOTOpbiii C TO'IHOCTblO llO qneHa ( N a+qi -N qi ) fn h • He saBHCSimero OT 

napaMeTpa A , coanaaaeT c qiyHKUHOHanoM ( 11) /lnSI anre6paHqecKoii COBO-

KYilHOCTH co6bITHii BH16opKH M a+qi H M qi" A aTo sHa'!HT, 'ITO Henocpea-

cTBeHHbiii aHanHS MeTO/lOM M8KCHManbHOI'O npaB/lOilOJlOforn COCTaBneHHOii 

T8KlIM o6pasoM' anre6paH'!eCKOii COBOKYilHOCTH co6b!Tllii nosaomreT onpeae

nIITb, C yqeTOM pesynbT8TOB qJOHOBOI'O aKcnepHMeHTa oueHKH HCKOMbIX 

napaMeTpOB TeopeTH'!eCKOI'O OilHCaHHSI HCCneayeMOI'O qJH3H'!eCKOI'O npouec

ca, nonHOCTblO ncnonbsySI nonyqeHHYIO B 9KcnepIIMeHTe IIHCpopMaUHIO O Koop

/lIIHaTax X saperHCTpHpoaaHHbIX co6bITHii. 

CneayeT OTMeTHTb, 'ITO npmno)KeHHbiii MeTO/l y'IeTa pesynbTaTOB qio

HOBOI'O 9KCilepHMeHTa OTnH'!aeTCSI 6onbmoii npoCTOTOH, TaK KaK OH npaKTH'!eC• 

KH CBO/lHTCSI K o6bI'IHOMY Hen~cpeacTBeHHOMY aHannsy MeTO/lOM MaKCHManb

HOI'O npaa11ono1106HSI COBOKyilHOCTH co6b!THH, nonyqeHHbIX B OCHOBHOM H cpo

HOBOM 9KCnepHMeHTax. KoHKpeTHO paCCMOTpeHHbIH BapHaHT JlaHHOI'O MeTo)la 

yqeTa cpoHa HCXO/lHn 113 nonHoii TO)KJleCTBeHHOCTH ycnOBHii cpoHOBOI'O H OCHOB-

HOI'O 9KcrrepHMeHTOB. B cnyqae pasnH'IHSI /lnHTenbHOCTH T a+cp 11 ·Tep aTHX 

9KCnepHMeHTOB COOTBeTCTByromaSI nepeHOpM!ipOBKa npHBO/lHT K saMeHe no

cneaHero qneHa cpyHKUHOHana (11) Ha 

T atcp N<I> __ I fn f (X
1 

;A). 
T cp i=t 
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III. Onpenenetme norpenrnocTeii gaiinemrnx 

ouefioK napaMeTpoa 

Onpeaem1M norpelIIHOCTII oueHOK napaMeTpOB, HaiiaeHHbIX II3 ypaB

H9HIIH (12). ilnH 9TOH uenII B ypaBHeHIISIX (12) nepBylO cyMMy ycnoBH0 

npeacTaBIIM B BII)le OT)lenbHbIX cyMM no co6bITIIHM 9lplp9KTa II lpOHOBbIM 

co6bITIISIM 

" , " " 
N;;, a en f(Xj ;A) l'\l> a fnf(Xk ;A) lJ lp a fnf(XI ;A. 
-I-- -[ I------I-----]=0 (17) 
l=' aA k=' aA 1=1 aA 

PaaeHCTBo Hyn10 nepaoii cyMMbI onp~enHeT, cornacHo n.1, oueHKH 

" ' AO napaMeTpOB A B cny,:rne OTCYTCTBIIH lpOHa B II3MepeHIIHX. Hs-aa 

HecoanaaeHIISI cyMM, OTHOCHIIIIIXCSI K lpOHOBbIM C06b!TliHM, saperHCTpiipOBaH

HbIX B JlBYX OTJlenbHblX 9KCn03IillliSIX, ncnyqaeMbie Ii3 ypaBHeHiiH ( 17) oueH-

" Kli A napaMeTpOB OTnli"l8IOTCSI OT oueHoK Ao napaMeTpOB, COOTBeTCTBylO-

" " " IIIHX 6ecipoHoBoMy aKcnepHMeHTy. O6oaHa"lIIB qepes · A A paaHOCTb A-A
O 

, 

npoHsneaeM saMeHy B nepBoM qneHe ypaBHeHHSI ( 17) aenH"lliHbI A Ha 

A0 + AA . Pasnaran B pna Teiinopa Ii npeue6peran "lneHaMH BTop·oro 

" 
Ii 6onee BbICOK0ro nopSI)lKa OTHOCiiTenbHO Benli"lliHbl pa3HOCTii AA • Haii-

)leM 

2 ( " ) N' 
,.. N9 a enc X j;Ao q> 

AAI----=-I 
I=' aA2 k=I 

" 
aenrcxk;A) 

aA 

" 

N <p 
+ I 

t==I 

" a en rcx
1
;A) 

aA 

TaK KaK aenH"lliHbl AO SIBnSIIOTCSI pemeHliSIMii ypaBHeHiiii 

N " 

( 18) 

9 a fnf(Xl ;A0 ) 
I · =o 
I aA , cooTBeTCTBYIOIIIHX ipyHKIIliOHany npaaaonoao-

N9 

6Hn npH 6ecipoHoBbIX HsMepeHHSIX 11> 0 = - I fn f ( Xl ; A ) , , To B3HTbie 
l=I " 

C o6paTHbIM 3H8KOM cyMMbl BTOpb!X npOii3B0)lHblX OT fn f( X j; Ao ) , 

16 

paBIIbie 
crlP 0 

a A 2 
· 

, npeacTaann10T co6oii o6paTHhie aenH"lliHbI )lHcnepcm'l: 

I " " D - ( A
O 

) oueH0K \ napaMeTpOB, nonyqaeMbIX npii OTCyTCTBiili lpOHa 

B Ii3MepeHiiSIX. 

" Cne)lOBaTenbHO, aenH"lliHbl OTKnoHeHiiH oueH0K A napaMeTpOB OT 

AO paBHbI 

" N, 
A A =D ,(Ao)[! a fnf(Xk;A) 

k=l a A 

" 
N lp a e n f( X I ; A) 
I 
..,, a A 

]. ( 19) 

IlpeacTaBHM ce6e, 'ITO II3 neorpaHH"leHHOro "lliCna nap noBTOpHbIX 

He3aBiiCiiMblX Bb16opoK M a+ip II M lp OT06paHa TaKaSI CT8TliCTII"leCKaSI 

COBOKynHOCTb IIX, KOTopaSI xapaKTepHayeTCSI coamneHiieM C06bITiiii, OTHO-

CSIIIIIIXCSI K IIccneayeMOMy 9lplp0KTy, Ycpe)lHIIM B TaKOM 

" " " 
KonneKTHBe cny"laiiHy10 nenH"lIIHy pasHOCTii A A =A -A 0 

" ,. -
M(AA) = D ,(A

0 
)(~~ -NW) M ( 

aenrcx,A) 

aA 
) . 

CT8TliCTii'leCKOM 

( 20) 

TaK KaK N ~ = N <Ii' TO MaTeMaTH'l:ecKoe O)KliJlaHHe M(AA)=O. Cneaona

TenhHO, onpeaenneMbie II3 ypaaneHHSI ( 1_2) KOMIToHeHTbI A ( ;; 1 .'~ 2 , ••• ;;m ) ,. 
cnyqaiiHoro aeKTopa A SIBnSIIOTCSI necMeIIIeHHbIMii oueHKaMii Benli"lIIH • 

" " " I'\ KoMnoHeHT Ao (ao1 , ao2 , ••• , aom) 

HIISIMII Heii3BeCTHoro HaM ypaBHeHiiSI 

N9 

I 
1=1 

a fn f(Xi ; Ao) 

aA =0, 

aeKTopa A O , nann10IIIHXCS1 peme-

( 21) 

B KOTOp0M Ii3 BbI6opKII Ma+$ Y"lliTbIB8IOTCSI TOnbKO co6bITIISI IiCcneayeMoro 

9lplpeKTa. 8To TaK)Ke 3H8"lIIT, "lTO IiCITOnb30B8HHbIH HaMii MHO)Kll'.Tenb 

y - npeo6pa30B8HIISI COOTHOlIIeHIISI ( 8) B COOTHOlIIeHIIe ( 10) B 
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cpellHeM paaeH HcTHHHOMy a1Ia"!em110 Koacl>cl>nuneHTa Yo , o6ecne-

"IHBaromeMy npeoopaaoaaHne COOTHOlli8Hll51 (8) B COOTHOllieHne (7). ,. 
Boaaetrn B KBallfBT BenH"IHHy pa3HOCTH !!,. A I onpellemi:eMyro COOTHO-

meHH8M ( 19) •. ll ycpellHS:ISI no TOMy >Ke CTaTHCTll"l8CKOMY KonneKTHBY, Hail-

ll8M llHCnepcnro 
N, " 

,. ,. ,. 2 2,. ·-41 a fnf(Xk;A), 2 
d(6.A) = M (A-A

0
) = D (A 0)M [ ( I ------) + 

k=' aA 

,. . ,. ,. 
N4> 

+( I 
i=l 

a e nf(XI ;A) 

aA 
2 ,.Nib a fnf(X ;A) Ncp 

) -2( t k ) ( I 
k=I a A 1=1 

a fnf(XI ;A) 

aA 

N , , " " 
= If (A

0 
)M [ l 1' a fnf(Xk;A) a e n r< x k •; A > . + 

k= I k =I aA aA 

" " " Nq>' Ncp a fnf(XI ;A) a fn f(X ~;A) Nq> Ncp a fnf(X ;A) 
+ I I ,·I 

-2 I I _J,· . 
be! I ~I aA aA k=I l=I aA 

d fnf(XI ;A) 
2 

,. . a fnf(X ;A) 2 

x iJA 1=2D(Ao){N.M[( aA )]+ 

) ] = 

( 22) 

X 

+£(Ncl>)2-N.i-.HM( aenf(X;A) )]2-'(N)2[M( aenf(X;A) )]21= 

't' aA qi- aA 

" " 
2 " _ a&i.r(X;A) 2 afnf(X;A) . 2 

.=2D (A0 )N"' IM[(-----)]-[ M (-----)] l. 
. 't' aA aA 
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31l8Cb 

" D(A
0 

" 2 1 ) - M(A -A) = ~a2~<P:"o ) - o M( 

a A2 

Ho HaM H8ll3B8CTHbl MaTeJ\,{aTH"l8CKll8 O>KirllBHHH aenll"IHH B aTOM COOTHO-

meHnll, orrpmenHIOl!I8M HCKOMYIO llIICrrepCHIO d(6.A) cny"!ailHOH BenH"lllHbl 

" !!,. A'. Mb! MO>KeM orrpenenHTb nHllib oueHKH 8TllX TO"!HblX cpellHllX aHa"!e-

Hllfi Ha OCHOBe Ht,,teIOI!IllXCH peaynbTaTOB cl>oHOBOI"O 8KCnepIIM8HTa. 

. TaK, MNcl> =N !P 

,. 
2 N cl> " 

" aenf(X;A) afnf(X
1 

;A) 
M[( )· ]= _l I ( ) 2 

aA Ncl> 1=1 aA 
... ( 23) 

" 
,. 

M aenf(X;A) 1 Nqi afnf(X1;A) 
=- I 

aA Ncl> 1=1 aA 

ll 

2 " 2 " 
,. " 1 N.a+4>a fnf(XI ;A) N4> a fnf(X, ;A) 
D(A0 )=---- =-[ I ----- - I 

" a2cp J=' aA 2 t=l aA 2 
M( o ) 

a A2 

]-1 

3aMeHHH B COOTHOlli8Hllll ( 22) TO"!Hb!e cpellHHe 3Ha"!eHIIH aenH"lllH 

Ha HX oueHKll ( 23), nony"IHM OKOH"laTenbHOe Bb!pa>Keane llnH oueHKll llllCnep-

" Cllll d( !!,. A) 1 xapaKTepnayromefi cpe1lH8KBa1lpaTH"IHOe OTKnoHeHne cny"!ail-

" " Hofi eenH"IHHhI A OT A 0 

" " " N <I> a rcx "> .i-. " d(6.A)-2D 2 (A)["C'( fn ,;A ) 2 1 N't'afnf(X·A) - O "- - - ( I I' )2] 
1=1 a A N <Ii 1=1 a A • 
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... 
OueHKa nonHofi aHcnepcHH D (A) , xapaKTepHayJOmeil cpeaHeKaaapaTHqHoe 

0TKnoHeHHe cnyqafiHOH BenHqHHbl A OT HCTHHH0ro 3HaqeHHSI napaMeTpa 

A , 6yaeT Bb1pa>KaTbCS1 cyMM0il D(A
0 

) + d (~A) 

N.J. " 2 
"' ,. ... 2 ,. ,. " ,. ''t' a en re x ; A> 

D(A) =M(A-A) =D(A 0 )+2D 
2 

(A 0 ) [ I ( . ) 

l .. Ncp 
--·-(I 

Nqi i=l 

i=l aA 

... 
a fn f( X I ; A ) )2 ] • 

aA 

{24) 

rae oueHKa aenHqHHbI aucnepcHH napaMeTpa, onpeaenHeMoro B 6eccpoHOBOM 

aKcnep11MeHTe, cornacHo { 23), paBHa 

" " 
A ...... N 3+tp a2enf(X ;A) Ntp #en r c x 1 ; A > . -1 
D{A

0
)=-[ I -I ]. 

l= t a A2 I· =l aA2 

ITonyqeHHoe C00TH0llleHHe { 24) npeacTaBnSleT CO0OH ycnoBH0e Bb1pa>KeHHe 

oueH0K aHaroHanbHbIX qneHOB ilHCilepCHOHHOH MaTplIIlbl D" " 
ak am 

CT8TlICTHqecKofi He3aBJICHM0CTH onpeaenHeMbIX oueH0K. 

npH 

nng nonyqeHHSI qneH0B ilHCilepcHOHH0H MaTpllllbl B oomeM cnyqae Heo6-

X0ilHMO B ypaBHeHHSIX {12) H {17) npoBeCTH ilH<p<pepeHuHp0B8Hlle no 0ilH0-

" My H3 napaMeTpOB a k • a B C00TH0llleHne { 18) BBeCTH pa3HOCTb ~am. 

0TH0CSIIIlYlOCSI K ,a;pyroMy napaMeTpy a • ITpoBOilSI pacq~Tbl, aHanorHqHb!e 
m, 

{ 22). H nepexoaH OT TQqHbIX 3HaqeHHH cpeaHHX K HX oueHKaM { 23). nony-

qnM o6mee Bb1pa>KeHHe oueHoK qneHoB aHcnepcnoHHoil MaTpHUbI anR npeano

>KeHHoro MeToaa yqeTa <pOHOBbIX H3MepeHHH 
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" 
D" " 

ak ,a f 

A A ,_ 

=M[(a -a )(a -a )]= 
k k e e 

= I [ w-1 1 kf + 2 [ w - i "w - i 1 kf l 

3aecb 

" Na+cp 2 
[W] =-[ :S aen f(X l ;A) Ncp 

kf l=l -----=--- - I aa aa i=l 

a 2 £nf(Xl;A) 
-------] 

k £ 

N4> a fnf(XI ;A) 
[HJ ko = ;, -------

L 1- a 
a k 

" 
1 

N <I> a enrcx
1 
;A) 

-- .S------
N<P l=I aa 

k 

Nq> 
I 

l=l 

aa k aa f 

a en £(XI ;A) 

aa e 

a enrcxi ;A) 

aa e 

{ 25) 

B cnyqae BbJqHTaHHH <PoHa Ilpll npeacTaBneHHII aaHHb!X B Buae ru

CT0rpaMM ouenKa MaTpI'IIlbl OlllH0OK HMeeT noao6Hyl0 ipOpMy: 

n ,_ A 

~ak,a £ 
= M [ (; - a )(; 

0
- a ) 1= 

k k L f 

=l[w- 1
1k£ +2[w-1 uw- 1

1k£ l 

[ .W] kf 

k 

I (na+qi_ n<P 
j=l j j 

2 " a fnpi(A) 

aak a a £ 
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k a " 
[H]kf = ~ n<p fupl (A) 

1=1 I ---;:a:...a--

1 

Nqi 

i n qi 
1=1 

k 

a fup (A) 
_ _!, 

aa 
k 

• ~ n qi 
l=l l 

" a fop (A) 
I 

aa e 

a fop. (A) 

aa e 

r.ue k - tJHcno gqeeK rHcTorpaMMb1; · n ft¢ - tJI!Cno cnyqaeB, aape-

I"llCTpllpOB8HHbIX B -oil: gqeii:Ke I"llCTOI"paMMbl B 9KCrrepllM0HTe a<p<peKT + 

¢on; n ¢ - TO me caMoe, 'ITO ll . n a+¢ 1 TOnbKO B qJOHOBOM 9Kcrre-
j j 

pllM0HTe; N qi - o6mee tJHcno co6bITllii: B qJOHOBOM 9KCrrepHM0HTe; 

p 
1 

(A) - BepoSITHOCTb rrorranaHHSI co6b!TllSI aqi<peKTa B 

CTOI"paMMbI. 

j -IO gqeii:Ky I'll-

B 3aKnIOtJ0Hll0 omrn ll3 aBTOpOB ( B.c. Kyp6aToB) BbipamaeT ITpll3H8T01Ib

HOCTb C.A. 5yHSIToBy, r.A. OcocKoBy, 11.H. CHnHµy aa o6cymnenHe pSina 

BorrpocoB, HMe10mHx OTHollleHHe K paccMaTpHBaeMoii: B nannoii: pa6oTe rrpo-

6nEMe. 
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