


oropBaHHbIe cynep-CJ10)l(Hble Mo.ueJ1uH, ,HroaHcbI KOTOpblX KTO-HH6y.ub 

LJeJIOBeiK CTpOHT MO,UeJ1H 'K3'K OTpa)KeHH5I peaJIbHOCTeH (npYflH:!M Ha
 

caMoH pa3Hoii OCHOBe) H HCnOJIb3yeT HX ,UJI5I n03HaHH5I npHpo,UbI,
 f 
a TaK)K,e B03,UeHcTBH5I Ha Hee ('n03ToMy-TO OTHowemle CTpeJIKaMH 

yKa3a'Ho B Ty H ,Upyryro 'CTOpOHy). KaK H npHpo,Ua, Mo,UeJ1b )KHBeT 

cBoel1 caMOCT05lTeJIbHOl1 )KH3Hbro. 06e )KH3HH pO,UC"PBeHHbl B TOM 

CMbKJ1e, 4TO OHH ,UOMK'HbI 6bITb CJ1all<eHHbIMH, KaK rOBOp5lT, MO;J.eJIb 

,UOMKHa 6bITb a,UeKBaTHOH 51BJIeHHro (BepXH5I5I CTpeJ1I<a), 4TO H 1103

BOJIHT !no COCT05lHH5IM Mo,UeJ1H npOrH03!1pOBaTb, a 3aTeM H ynpaB

J151Tb COCT05iHH51MH 51BJIeH!151 (HHII<H515I CTpeJIKa). 

OpeKpaCHOH HJ1J1rocTpaUHerl CKa3aHHOMY 51BJI5IeT('51 CJiYlIaHHbIH 

npou'ecc 6pOyHoBCI<oro ,UBH.tI<eHH5I - KJ1aCCIl4eCKa51 MO;J.eJ1b ncpeMe

meHH5I 43'CTHUbI ,npH XaOTH4-eCKHX 'CT0J1KHOBeHH51X eec MOJ1Cic\,'JiaMll 

npH Te'nJ10BOM ,UBH)Ke'HHH. HarJI5I,UHa5i epIUH4eCKa51 1';)PTllHiJ :~),eCb 

nopO,UHJIa MaTeMaTH4eCKHrI 06pa3, Bep051THoCTHyro "'1O~1.eJ1l>, I:l hOTO

POH KaK Tal<OBbIX 4aCTlllle:< j'lI<eHeT, npo HHX 3a6bIJIH, a TOJ1l,KO 0'1

)I<aTblrl pe3YJIbT3T - npouccc nepeMeUJ,e'HH51 B BI'Ul,e M3TeMiJ']'Ii'tCCI<0

ro 110CTpOeHH5I. T31<a51 a6CTpal<TH3aull51 n03BOJIH.JJa Haf!nl. lJCPO,IT

HOCTH YI\JIOHeHHH, yCT3'HOBHTb H,Uea.TJbHble 3aKOHbl 6poyHoBn:Ol'fJ )lfH!

)KeHH5I. 

Bo06UJ,e, HY)KHO 6bITb OCTOP0)l(HblM, Tal\ l,aK H3 H::lbIKC MO/lt'JICij 

y,U06HbIM H OTpa3HMbIM OKa3bIBae1'CH Jl,aJ1eJ\o ,He 'Bce, 4TO 'cyUJ,C{:','ByCT 

B npHp0Jl,e. YI1l,eaJ1H3aUH51 npHB01l,HT K MOJ,eJ15JM, Ha,Ue)KHbI:v1 TOJlb!<O 

Ha ,nepBblH B3rJI5I.u, OTpa)KaroUJ,HM )l\eJ1aeMYIO Jl,JI5I Mo.ueJ11: I<,JpTH'Jry 

3KcnepHMeHTi:l. B .u3JlbHe(lweM, YJ.06HO B CH.~y cneUHepHIHI H8C!'Oil/lIC

ro H3JIO)l<BHII51 rOBopHTb TOJ1bKO 0 MaTeMaTHKO-Bep05l'J1HOCTHhIX MO

.ueJ151x - CHM'BOJ1bHOrO 513bIJ,a onllCaHH5J CJ1Y4al1HbIx 51BJ1eHHi1. 

[J1y6HHa H 6e3rpaHH4Ha51 CJ10)KHOCTb HBJ1eHIIA peaJ1bH0j'(, tvHlpa 

BbIHY)l(.uaeT, l<a3aJ10Cb 6bl, Tal<He )Ke Ka4eCTBa y "loneJ1eir 'j ;1,< II 

Ka)l(eTC5I no.u4ac, 4TO 4eM CJ10)KHee Mo.ueJIb, 60r a 4e ee C06tTlWIIl: Q H 

)I<H3Hb, TeM 60J1ee CHJ1bHOH B cBoeH OTpa)l<aTeJlbHOH 1l0TelllUH1 DBa 

HBJI5IeTC5I. MO)l(HO H cor,~aCI1TbC5I, eCJ1H 6bl npH 3TOM He pa:,pyIUiJ

J1aCb np5lMa51 CB5I3b MO.ueJ1H C 51BJ1eHHeM. YCJ10)KHeHlle MOllC',lill '1':-('

6yeTHa;:T05lTC.rybHci'i ilpOl3epJdI :'3i1\.1GrO C(' flOlJOf'O (j)par<\':~"i:: j; H:I 

COClf'BeTCTRIIC ,'leilcrSliTe,1bHOCTII. CJIOGaMl1 (',Iiy, T u» (,in:JI, "; ;,;'1,1'1

ilbI~II'1 B COBpc\1C'HHbIX MaTe\ia'f'Jji,O-Bep;)51r:iil~cr:jbIX113JI()il-:E'HII"\ ,:,lTb 

ilpOue~,c ,~aph(>B.('I\l-ii':, nYCTb ~1.,:lOT!!G\: I!) l'~ Utl~'CTHyeT H .:lB:j~: ... :<Lj .HH<t)· 

<fJepeH!iiI PYC \:1 J. n yCTb 1I')'8l>.: I'd ,I BC r: (»i T r: :J,,-'"{ b II 11 p. H rip.) ~t ~ \tT 11!';:ieT

(' ',1 0 5-n~"06 ..;l e;-:;! C' il\ H:J ;-; J! .\..\ (; .-"i,eJi i·l. l '. pc d I) ~.: 11l~J :~"j'C H B Ca \hJ ue.:! t. C'. >'.\ 

LtC H 11C XI ~1 TC \1 (11 i: \\ G~ >.1!: 1 :...·1: liT ~,l fDlU!-! .\111 i.."C'{'J!l ('OBl:D I !,!eH H~J q' r'::'.'f hi '.. ; l 

N''-)"I'i-~O. B(J·~I''''l·)iITI..I.~,.>, .u, L'!"O '1{·T·' Jj'"...... ··,fI1l ,),.u ,( l'n':\'l")l"G'•. 1\ "" I .... ,: .1",'l.. 1\ ., I. ....... . ')1".1(:" I;" _'!)" r"\; i,' ""'11"
,.(~, 

fifi)'l !'PYilfi Ii:Hi nC3B:';Jlii.10Ba5,l ITO\'lUpiI5l, (\OI';~:\ TO I'iJ,Y! IlilC!C C:/i'YCJO 
M3TeMaTHLJCI';OC r;OCTpOeHHe BCTiJVli:!J]()Cl> B ;,C;lC'-!flO.\1 ClieTE' C 1'1';.1"

T L'!eC I,ll M!! II pl','ro:+:eH Hi! :,1:1, Ho pciCCLJ IIThl Ba 1 b 1,<1 iI<il.blrl pa:' ,i,' (:,ny
qali - 82(' ;·~~;B:iO. !~T:) .1t',,13Tb ;..:'; (lB:.~· ::pli .:-;:i;';GHJaLUIH I«h'~.';h·;l·~ :-"O~ l) 

OO'LC':;Ta lia yJ.ap B Hero MeTeOpHT<l, I-~c H<:IJ,E')I<HCe J111 Het!}t:J:l'I\, 6 

OObel<T 'HO-TO )'npaBJI5IC\10C BO Bpe'VICHli B TpC,'C:OOp.uIiH3THOl'o1 1,\)(KT

p3'I1CTBC? 

Nil>1 y6elI,,JaeMC5I :l)..\eCb eUJ,e pa3 B H3weii rJlaBHOH Mbl~'Ji", flopn

1I.1!BweJ1 II npOHH3bIB3roUI,cii BCC COnCp)Kafille IOlllrIl, LITO He Hy)l<lIbJ 
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li3 ;'J.06pOCOBeCTHbIX HOCJ1e.uOBaTe.'leH MO.tKeT BoenpH'H5ITb Bcepbe3 KaK 

li3Be,U3HHbIe 3aKOHbI npHpO,UbI. 3Ha4HTeJJbHO 3KOHOMHee H Ha.ue)KHee 

HMeTb apCeHaJ1 npOCTbIX MOJ..\eJ1eI1, ,CB513bIBaroUJ,HXC5I C 51'BJ1eHHeM B 

He60J1bWOM 4HCJ1e 'CTOpOH,C'Boero po,Ua KaHaJ10B, H OTpa.tI<aTb HB,1e

HHe He cpa3Y 'Bce, a no 43CT5IM, OCBema51 Ka)K.ubIH pa'3 TOJ1bKO Ty 

CTopoHy, KOTOpa51 npe.uCTaBJ151er HenOOpejl;CTBeHHbIH HHTepec. B TOM

TO CHJIa H HCKyCCTBO 'n03H3HH5I: paC4JIeHHTb ,BClO 'cepepy ,Ue5lTeJ1bHOC'
TH Ha HayKH, ,Ka)KJ..\of! 113 KOTOpbIX OT.uaeTC5I 'CB051 4aCTb epH3H4eCKOTO 

5IBJ1eHH5I, 3aTeM Hayl<y - ,Hanpe.uMeTHbIe 06J1aCTH H T. )1,. 

KOHKpeTH3HpyeM Tenepb CB5I3b: MATEMATI1l.JECKMI TEO

PI15I --+ MO,llEJIb, MaTeMaTH4eCKa51 TeOpH5I pa3BHBaeT rpynlloBbIe 

3aKOHbl Mo.ue.'1eI1 H OpraHJ1.3ye1'C5I 'BHyTpH ce651 caCTeMOH aKCHOM 

3rOJ1 epopMaJ1bHOH 'I<OHCTpyKuaeH, 'CuenJ151roUJ,eH Ka)l<.uyro Mo.ueJ1b. Ha 

CHMBOJ1bHOM MaTepHaJ1e aK'CHOMaTHtleCKHe C'B5I3H )l,OJ1)1<'HbI IHOBTOP5ITb 

peaJ1bHbIe, 4TO H BCTb a,UeK'BaTHOCTb aK,CHOM H rapaHT npaIBOMOllHOC

TH TeopHH. A )KH3'HeHHOCTb TeopHH 6y.ueT 3aBHceTb 'OT TOro, Ka'KHMH 

CTopOHaMH ee npe.u'CTa'BHTeJ1H (Mo,UeJ1'H) CB5I3blBaroTC5I >C 51IBJIeHH5IMH, 

HaCKOJ1biKO 3TH CB5I3H J1,erKO HaBo.u5lTC5I, .uo'cTynHbI, epH3W4eCK.H Har

J1511l,HbI (HHTep,np,enlpye'MbI), npWBbI4Hbl,Ha KOHeu Ha.ue)l(Hbl. 31'0 H 

nOMO)l(eT HH)I(eHepy-uCCJ1e.uoBaTeJ1ro BbI6paTb Ty KOHKpeTHyro Mo,UeJ1b, 

K01'Opa51 Hy)KHa .uJ151 peWeHH5I nOCTaBJ1eHHOH 3a,.ua4H,qT06 .uaJ1ee 

npHBJ1e4b BCro Momb Te'0P'HH, OT ynpomeHH5I Mo.ueJ1eH TOJ1bKO BbIra

,UbIBaromeH. 

nOcTaHoBKa 3a.uaqu. Hawa UeJib - paccMoTpeTb np06J1eMy CHH

Te3a HHTep'BaJII>HbIX ,CTaTH'CTH4e.cKHX Mo,UeJ1eH Cpe,lI;HHx. CB5I3yromHMH 

.uJ151 ,HHX C peaJ1bHbJ'MH 51BJIBHH5IMH 6y.uyT HeKiQ'TOpbIe 3aaalOU{Ue na
paMeTpbL 0= (8" 82, ••. ), KOTopbIe no HX qHCJ1y,w.uep)l(aHHro H epH

3H'ljeCKoMy CMbICJIY MoryT 6bITb caMbIMH P33Hoo6pa3HbIMH (MoryT 

HMeTb TOJ1bKO iMa'I'eMaTH4eCKI1H, epopMaJ1bHbIH ICMbIICJ1). Tenepb eCJ1H 

Mo.ueJ1b UCKaTb B paMKax n.CXO)l,.HOH CTpyKTypbI .4l0 H HaHTH napa-

Merp 0 B BH,Ue ,UeTepMHHHpOB3JHHOH OU6HKH 6, TO nOJ1yqHM MO)l,eJ1b 

Jlte' a eCJ1H B IBH.ue HH.uH'Ka1'OpHOH e (.uJ151 O'.uHOMep,Horo 0 - 'HHTep

BaJ1bHOH) ,1'0 06be,UHHeHHe V .4l0' 
(lEe 

OueHI1BaHl1e (l .uOJ1.tI<'HO npOH3Bo.uHTliC5I H3 51CHoro OC03HaHH5I KO

He4HbIXueJ1eH, no)l, K'OTOPbIMH no.upa3YMeBaeriC5I Ta nO'CJ1e.uyroma5l, 

HaCJ1ejl;CTBeHHa51 3a.ua4a, IHa peweHHeKOTopOH npH3bIBae1'C5I Mo,UeJ1b. 

31'0 MO)l(eT 6bITb 3a.uaqa J1H60 aHaJ1H3a, JIH60 nocTpOeHH5I pewaromHx 

npaBI1J1. Ha'npHMep, Mo.ueJ1b wyMa :l1pHBJ1eKaeT'C5I ,UJ151 HaXO)l(:n:.eHH5I 

aJ1rOpHTMa OnTHMaJ1I:>HOPO 06Hapy)KeHH5I 'CHofHaJ10B HJ1H oueHHBaHI15I 

napaMeTpoB B a.u.uWrHBHOM npejJ;CTaIBJ1CHHI1. B03MO.tI<eH ,UpyroH Ba

pHaHT, Kor,Ua 'Mo.ueJ1H 'rHnOTe3bI H aJ1bTepHaTHBbI He CB5I33HbI Me)l(.uy 

C060H 4epe3 WYM H 'CTP05lTC5I OT.ueJ1bHO o.uHa OT )l,pyroH. 

H awy MbICJ1b, 'ITO pewaromH,e yCTpoHcTBa AOJ1)1(HbI 4epe3 ce65I 

BJ1H5ITb ,Ha 'caM CUHTe3 Mo.ueJ1H B epopMe Tpe60Ba'HHH K oueHKaM 3a

,Uaroll1,HX napaMeTpOB, npOHJ1J1I()tCTp,HpyeM Ha npHMepe. 
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n p :H M e p 8.1. TIYCTh e - 3a,naIOIUHH ('O,ll,HOMepHhIH HJIH MHoroMepHbIH) na

paMeTp; ,ll,JIH Ka2K,ll,orOero 3'HalIeHHH BBO,ll,HTCH MO,ll,eJIh J(e H no HeH clIHTe3HipyeT

CH pernaIOIUee npaBHJIO 0e (B03M02KHO, OnTHMaJIbHoe). BH,ll, 3Toro npaBJ1JIa onpe

.neJ1HeTCH BH,nOM ..Ite' CJIe,ll,OBaTeJIbHO, 6y,neT 3aBiHceTb OT 8. Ho 8 He H3BeCTeH. ClIiH-

TaeM, lITO ,no 06ylIaIOIUHM peaJIH3aUHHM Z OH oueHHBaeTCH8 =0 (Z) H no,n.CTaBJUleT

CH B :npaBHJIO, tITO npHBo,nHT K 0 '" . PHClK 3Toro npaBliJIa oy.rr.eT 3aBHceTb OT H,:':TBH
e 

Horo, HO HeH3'BeCTHoro (:) H 0603HaqaeTCH IT (0 ",). Tenepb CTOHT Bonpoc, KaK ouee e 
HHBaTb 8? B cpe,ll,HeM C YlIeTOM CJIyqaHHOrO pa36poca 8 pHCK Bcell YKa3aHHOH 

a~anTHBHOii npoue,nyphl (B o6IUeM, KBa3HOUTHMaJIbHOH) 

r,ne ycpe,nHeHHe npOH3Bo,nHTCH no COBMeCTHOH Mo,neJIH 

BbI6HpaTb TaK, lIT06bI MHHHMH311pOBaTb r (a, 8), oTKy,Ua 

paBeH r(o, 8) =MxTIe(o ",),.
e 

8 H Z. OueHKy {:i" Hy:tKHO 

'cp a3Y BH~HO, lITO lIe (i " )
e 

H ,B,OJI:tKHa 'CJIy:tKHTb epyHKUHeH nOTepb B 3a,nalIe oueHHBaHHH (CHHTe3a) e1. 

BbI60p HaqaJIbHOlI CTpyKTypbI Jre - cJla60e MeCTOCHHTe3a, eno .. 
co6Hoe B KopHe CBeCTH Ha ,HeT !HaWe rCTpeMJI'eHI1e rrOJIyqHTb Ha.ue)K

HylO MOjI,eJIb. TaK 6y)l.eT, eCJIH J{e orrHCbIBaeTCH napaMeTpH30BaHHOH 

TOqHOti ,TIJ10THOCTblO Bep05ITHOcTei:i Pe (X), rrpH H3rvleHeHHH e OqepqH

BalOIJJ.eit JIHillb Heoc513aeMylo JIUHHlO B npocTpaHcTBe Bcex pacnpejI,e

JIeHHlI Bep05ITHQlCT1ei1. HajI,eiKHble iKe MOjI,e.HH jI,OJ1}KHbI 6bITb 06'bel\1

HbIMH. 

HaH6oJIbWI1i1 HHTepec ,ll.JIH Hac npejI,CT3BJI5IeT TOT CJIyqati, Eor

!La J{ e IHe HanD BbI6HpaTb, a aHa caMO eCTeCTBeHHO orrpe;J,eJI51eTCH 

HaBejI,eHHbIMH C 5iBJIeHHeM CB51351l'vIH. A3T'OT KaK pa3 TOT ca:VlbIH CJIy

4 a11 , K'orjI, a 3 a ,U a 10 IJJ. H M H IT a p 3 \1 e T 'p a M II 51 B Jl 51 10 TC 51 eTa 

T If C T H 11 e C K II e cpe,UHHe e= lvIQ Ha60pa Q npH3HaKoB, COCTaB~ 

JI5IIOIUHe B ,coBoKynHocTH MOneJIb ~/!{ == \j (AIQ> (r;J,e 06be;I)IHeHIle 

065I3aHO paCTTJIblBLI3TOCTH oueHOK ,cpe,J,HlIx). HarpY3f~acHHTe3a no,n~ 

HOCTbIO nepeKJI .8,UbIBaeTC51 Ha BbIOOP Ha60pa Q II 'JueHHiB8 HIIe COOT

Bel'cTByIOI.Il,HX e\try napaMeTpOB ,8 i =i\-1qi, qiEt:/. I---Ie HeLlO. qTO ca=Vloe 
.3 dyreLI ClTeJlbHoe) HI! qE:fO "l}ILilHero, II II!\ a I(HX I10P0/1\J-1,3 IO'~ 

UUIX CO~JHeHHR. 

3):LeCb B03H HEal0T .=I,Be npo6~Tfe~v1bI: BbIOOP 3 nrl ~l ~OLU~iX up Il3Ha hOB 

H OUeHHB8HHe 11X Cpe;LHlTX. flepB25I tCOCTaBJIneT CBOIO cepepy ,J,e51TeJ1b

BOCTH, H He BCer,L1)1 Hay4HylO, a YY:l1TbIB3.H rrOjI,3B,TlHIOmee pa3Hoo6pa

3He C3MIIX npH3HaI\OB H B03Tvl0.lKHOCTe(i 11X BbI6opa, npeBpamalOmylO

C51 ITo,Uqac B HCKyCCTBO (HaqHHaeTC5I TaM, r):Le 3aE3HqHBaeTC5I H3Y

K3). ?)TO HHLKeHepHoe HCKyCCTBO BbI60pa CB5I3YIOIUHX npII3HaKOB t 

HCrrOJIb3yH anpHopHwe CBeneHH5I a 5IBJIeHHH, KaKHe eCTb 3HaHHH era 

MexaHH3Ma, H36JIlO,ll.eHHH 3a HBJIeHHeM, onHp3HCb Ha npaKTHKy, orrbIT 

H 3jI,paBbIH CMbI!CJI, ,coo6pa3y5ICb C Tpy,UoeMKOCTbIO caMOH rrpOue,ll.ypbI 

ClfHTe3a Mo,UeJIH, He «crrycKaH rrpHueJI» c rrOCJI,e,ll.YIOIUero rrpHMeHe

HH5I MOneJIH. TIYTe:BO,ll.HbIMH 3neCh 5IBJI5IlOl1CH KaqeCTBa MOneJIH, npo

1 KyaHeuoB B. fIe EafiecOB IIO)J,XIO,lJ, Ii OIlTHMLH3,aUHH npouecca 06ylJ€HHH//ABTO

MaTHK3 H TeJIeMeXaHHKa. - 1971. - Ni 4. - C. 66-71. 
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Hlf3bIBalOIUHe H3ICTpOH BceH '~HHrH: npOCTOTa, ,ll.OCTYUHOCTh, Ha,ll.e)K

nOCTh. 

BTopaH rrp06JIeMa COCTOHT B OILeHHBaHHH 3ajI,aIOIUHX napaMeTp'OB• 

OIHa COrJIaCOBaHa ,C BbI6opOM 3ajI,alOIUI1X rrpU3HaKOB H Irr03TOMY He 

lfiCKJIlOqaeT npU1BJIeqeHH5I caMbIX pa3H'OpOnHbIX epH3HQeCKHX 3aKOHO

MepHOCTeH, cpaKTOB. Ho MO)KeT H cpopMaJIbHO pewaTbcH Ha 6a3e npe,ll. 

,BapUTeJIbHOrO 3KcnepHMeHTa, lo6YQalOIUHX peaJIH3aUHH QTO Hac HHTe
t 

pecyeT B Ha1I6oJIbWeH Mepe. 3neCb Tpe60BaHHe a,neKBaTHocTH CBH3H 

MO,lI.eJIH C HBJIeHHeM HaKJI3jI,bIBaeT Ha o6yQalOlll.He peaJIH3aUHH 06H

3aHHOCTb 6bITb «nOJIHOMOQiHhIMH npe,ll.CTaBHTeJIHMH» HHTepecylOIUero 

Hac 5IBJIeHH5I t T.e. 6bITb HOCHTeJI5IMI1 OjI,HHaKOBbIX 3HaQeHIIl1 napa

MerpOB (cpe,ll.HlIX), TOr,lI.a HX 'MO)KHO OILeHHBaTb. 3TO eCTb yCJIOBHe 

CT3ILJIOH3IPHOCTH 3a,nalOmHX napaMeTpOB, KOT'OpOe CeH'QaC 06Cy,UHM. 

CTaUJiOHapM3au,MSI CTaTHCTMlJeCKMX napaMeTpOB. C n03HUlIH Ma

TeMaTI14eCKHX Mo,UeJIei1 cpe~HHe KaK H Bep05lTHOCTH eCTb CPHKCHpO

BaHHble QHCJIa, TOrjI,a KaK ,HHTepBaJIbHhle CpejI,HHe H BepOHTHOCTH 

eCTb HHTepB3JIbI, rpaHHUbI KOTOpbIX y,lI.OBJIeTBOp5l1OT aKCHOMaM 11M. 
BaTH IrrOH5ITH5I 3aJIO)KeH 'CMbJiCJI cpe,UHero apHepMeTIHQeCKOrO HJIH 
Me 'QaCTOTbI. 

CeHQaC He CYTb Ba)KHO, KaKHM HBJIHeTCH rrpOCTpanCTBO Z 3JIe

MeHTapiHbIX HCXO)l.DB, Ha KOTOpOM CTpOHTCH MaTeMaTHqeCKaH MO,lI.eJIb; 

3TO MO)KeT 6bITb rrpOili3Be,lI.eHHe ge X UJj, JIH60 rrpoCTp a:HCTBO S 3Ha

QeHHH epJIyKTyaUHH £. TIYCTb ZI, 22, ... , ZJ.V' eCTb peaJIH3aUHH He3aBH

CHMOH iIlOCJle,UO'BaTeJIbHOCTH o6yttalou{ux llcnblTafluu, )l.JIH 'KrOTOpOH na

paMeTp Mq (Zi) HBJIHeT!CH cTaUHoHapHbIM, T. e. O,ll.HHM H Tel\1 .IKe )J.JI5I 

Bcex Ii. TaKHe nenhITaHM5I Ha3blBalOTCH Mq-cTa:u.HoHapHhI'MH. 

,UJI5I ICTa:u.HoHapHoro napaMeTpa TOqHOe Cpe,lI.Hee Mq ,lI.OCTHraeTCH 
KaK npe,lI.eJI 'Cpe,lI.Hero apHeplMeTHqeeKoro: 

. 1 N 
M q = hm - ~ q (Zi)

N~oo N 1 

B cepHH 'He3aBHCHMbIX CTaUHOHapHbIX HcnbITaHHH Zi, i= It 2, ... Toq

HaH BepoHTHoCTb no TOMy .IKe CMbICJIY eCTb npeneJI DTHOCHTeJIhHOH 
qaCToTbI 'C06bIT,HH 

P (A) = lim -
1 

L
N 

{Zi E A},
N~oo N 1 

r.LI.eqmrYPHble CRo6KH 0603Ha'IaIOT HH.LI.HKaTOpbI C06blTHH, paBHble 1 
rrpH ZiE~4, a HHaqe - O. 

I1HTepBaJIbHble Cpe.LI.HHe H Bep05ITHOCTH B03HHKaIOT Tor.LI.a, KOr.LI.a 

TO'IHbIX IlX 3Ha'IeHlfI1 HeT, JIH60 IIO npH'I[IHe OrpaHH'I,eHHOCTH 'IHCJIa 

HClIblTa:HHl1 (;J,e41)11lUlT 'OnblTa), JIH60 H3-3a B03MQ)K:HOH HeCTaI.I,HO

HapHOCTH HClIblTaHHH, T.e. HeycToiI'IHBOCTH Cpe.LI.HHX H 'IaCIOT. lIoc

JIe.LI.Hee 5IBJI5IeTC5I HelIpH5ITHOH :«IIO.LI.HO)KlKOH», HO K C'IaCTbIO, ,He BceMy 

CTaTHCTH'IeCKoMy no.LI.XO.LI.Y, a TeMepopMaJIbHbIM MeTO.LI.aM CHHTe3a MO

.LI.eJIH, K KOTOpbIM MbI CTpeMHMiC5I H KOTopble BOJIeH-HeBOJIeH Tpe6yIOT 

CTaI.I,HO'HapHOCTH napaMeTpOB. Y'KaMeM THIIH'IHbIH .LI.JI5I CTaTHCTH'IeCKHX 

npHJIOMeHHHcnoco6 'CTaI.I,HOHapH3aI.I,HH, OCHOB3HHbIH Ha 'CJIy'IaH'HOM
Bb16ope. 
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1,~ 
TIYCTb HMeeT'C51 ,coBoKynHocTb B N He3aBHCHMbIX 'HCHbITaHHH Zit 

i= 1, ..., N, rrpHqeM cpe)l.HUe Miq (Zi) 'B 'pa3Hblx HCrrbITaHHHX, B C T04HhIMH 3HaQeHH5IMHo6~eM, .•.•. 

pa3JIHQHbI. «I1epeM'eIlla,eM» TerrepbHioIIbITaHHH CJIenbIM \oopa30M, a 
iHHaqe 'fOBOp5I t npOH3Be,lJ.el\1 ilX nOCJI,e,1liOBaTeJIbHbIM paBHOB03MO)KIHhllf 

BbIOOp. TOf,lLa cpe,z:L'HHe CTaOHJIH3HPYlOTC5I, cTaHyT O,lLHHMH H TeMij 

2Ke, paBHblMH Mq=~Miq(Zi)/N, TaK KaK paBHoBo3MOMHO e Bep05IT.. 

HOICTHMII IjJ.V BbI6pa'HHhIM MOMeT OKa3aThCH JII060H HH,lI.eKC i. l(aK 
BH,lLHO, inpOH30IllJIa ICTaUHo:HapH3aUilH nenbITaHHH, HO yBhI, C iB03MO)K.. 

;HOH nOTepeI1 'He3aIBHCHIMOCTHt XOTH H rII3 3Toro ynymeHH5I eCTh OBOH 

BbIXOlI,t KOTOphIH inpOHJIJIIOCTpHpyeM Ha npHMepe. 

TI p If M e p 8.2. TIYCTh Pi eCTh Bep05ITHOCTh C06bITIUI ZiEA B i-M HcnhITaHlUI 

(A O)I.HO H TO LKe) u nYCTh 3aBe)J.OMO H3BeCTHO, tITO nepBhle k pa3 A 065I3a'TeJIhHO 

npOH30HJlieT: P1=P2= ... =Pk= 1, a OCTaJIhHhle - HeT: Pk+1=Pk+2= ... =PN=O. Tor.na 

CJIyqaHHbIH BbI60p (cJIenoe nepeMeIllillBaHHe) HcrrhITaHHH 'BejJ,eT K Bep05ITHOCTH p= 
=,k/N C06hITH5I A B Ka)K,LI.OM lI3 HlIX. Ho nOCJIe nepeMeIlllIBaHH5I C06bITH5I A, YBbI, 

He o6peTyT :lKeJIaeMOII He3aBHCHMOCTH, TaK KaK ,eCJIH CTaJIO H3BeCTHo, tITO nepBble 

k pa3 nOBTOpIIJIOCb C06hI'THe ZiEA, TO BceMH nOCJIe,lI.YIOLUHMII HerrpeMeHHO 6y,lI,YT 
npOTHBOnOJIO:IKHhle C06hITH5I Zi EA c. 

ECJIH JKe nOCJIe nepeMeIllHBaHIHI H3 cOBoKynHocTH 06beMa N npOH3BeCTII pe,lI.

KHH BbI60p Z1, '.0' Zn 'He60JIbllIOrO EX tIHCJIa (o6'beM a) n <Z. N, TO 3TY BbI60pKy C 

.nOCTaTOtIHO 60JIblIIOH: TOtIHOCTbIO M02KHO CtIHTaTb CTaIJ,HOHapHOH: He3aBHCHMOI1:. 

B caMOM ~eJIe, Miq(zd OT rrpOH3B0J1bHOrO np:If3H3IKa q 6Y,lI,eT OjJ,HilIM II TeM :IKe Mq 
H CnpaBeJI.JIHBO paBeHcTBo MIlqi (Zi) = maX IlM*qi (zi). 

M*=M, M 
BbIBO,lL TaKOH: c.IlyttauflblU peOKUU Bbl60p U3 cOBoKynftOCTU eCTb 

cpeOCTBO CTal{UOftapUSat{uU nOCJleOOBaTeAbflOCTU U npUttUfla He3aBUCU.. 

MOCTU ee 8JleMeflTOB. 

CTaUHOHapH3alI,HH OOJIer4aeT nOCTpOeHue iMaTeMaTH4eCKOH MO,lI.eJIH, 

TaK KaK ,CBO,mHT ee OHIHT1e3 ,K OueHHBaHHIO 0AHHaKO'BhIX no Te'4eHHlO 

HCIIbITaHHH3a,lI.aIOlll,HX rrapaMeTpOB, ,T. e. K CBoen IHOBOH CTaTHiCTHqeC

KOit 3a,ZJ.aqe, 'KOTOpylO pa,CICMOTpeHHhIMH B npe,lLbI,lI.ymHx fJIaBaX MeTO

~aMH MO)KHO epopMaJIH30iBaTb H peIllHTb. JlJIH 3Toro ',Hy)KHO 3HaTb, 

KaKoro OO,lI.eplKaUHH oueUKH, 3a,lI.aIOIUne MOneJIb, XOQeTC5I nOJIyqHTb, 

KaKHM OCHOBHbIMTIOKa3aTeJIHMOHH ,nOJIJK,HbI YAOBJIeTBOpHTb. 

nOHSlTHe ,1J,OBepMTeJlbHOH MO,I.I.eJIH. ITpoaHaJIH3HpyeM COlI,ep)KHMOe 

pIfC. 8.1. TIocTpoeHHe MaTeMaTHqeCKOH MO,lJ.eJIH - .9TO OT,lleJIbHa51 3a

naQa oueHHiBaHH5I rrapaMeTpoB, a TOQHee iCKa3aTb, ftaosaoatta, InHmefI 

KOTOpOI1 :c'JIy)l{aT HCIIbITaHHH, II KaKBC5IKaH CTaTHCTHQeCKa5I 3a,naqa, 

OHa HylK,UaerCH B UCXO,UHOH IKOHCTPYK~HH. B 'KOHCTPYKUHIO 'Ha,n3a,naQH 

B nepBYIO 04epe,lI.b BXO,lI.I1T H3'HaQaJIbHaH MaTeMaTH4eCKaH MO,lleJIb ca.. 

MOM ITOCJIeJI.OB3'TeJIhHOCTH ,ucIIbITaHHH, TaK cKa3aTb, flaoMooe./lb, OTJIH

T-laIOrnaHC5I OT 'HCKOMOH cBoeH IllHpHHOH HKpailHe ,HenpHT5I3aTeJIbHhIMH 

3anpocaMH: ,lLJI5I Hac 3TO 6y,llyT TOJIhKO npe,l(TIOJIO)KeHlI5I 0 He3aBHtCH" 

MOCTH il ICTar..r.HOHapHOCTH. I1HTepecHO ,lJ.aJIee 6y,UeT Ha6JIIO,naTh 3a cy
:iKeHHeM 'ee B HCKOMylO MO,lLeJIb,qTO )I:OCTaTOqHO 'C,lleJIaTb B HarrpaB" 

JIeHHH Q rOueHHBaeMbIX (3a.,UaIOmnx) napaiMeTp,oB. 

,UeTepMHHHpOBaHHble (TOqeQHble) 3a,lLaIOmHe Mo,neJIb oueHKH Mq, 
qEQ, 'B Ha,A3a,ZJ.aQe IBe,ZJ.yT 'K Q-npOCTbIM MOJI.eJIHM (MQ). 3TH IMo,ZJ.eJIH 

33,n31OLUHX Cpe,lI.HHx M q == 

= Miq, qEQ, 6y,nyT HeHa

,Ue)KHbIMH no rrpH4HHe He

H8,ne)KHOCTH )J,eTepMHHHpO

B8HHbIX oueHOK (KcTaTI1, 

BK.TlJ04eHHe JI,eTepMHHHpO

BaHHbIX oueHOK B MOjJ,eJlb 

npHcyme, KaK 3TO c.lIe,J,yeT 

I13 TeopeMbI 5.1, peLKH My 
onTIfMH3Ma X== 1/2). Hac 

cei14ac Bcero 60nee npHB

JIeKaeT pe)I(HM neCCHMH3

M8 H Ha,Ue.IKHble Mo,UeJIH, a 

,lI.JI5I 3Toro 3a,LI,alOrnHe OI~eH

KIf T8K)Ke )J,OJI)KHbI 6bITb 

H3,ll.e)KHbIMH, ,UOBepHTeJIb

HbIMH, tITO Be,UeT K CJIe,ny

IOmeMy nOH5ITHIO. 

lIaUIYOOe/lb 

LlC/lb/1ll0flUtL 

lJblUe/leflUe 
.JOtJUIOI/{UX 

/lU/luhel7l/lfl£ 

- - - ~ lIau.JotJo'lo 

L{e/le#oe 
11C'1l0./lb.JoO'O/ltie 
tlotfejlul1le/lbflOIi 

IYotle/l/1 
PHC. 8.1. KOHCTpyKIJ.HH 
Ha,ll,eMHOCTHoro CHHTe3a 

J(OBepUTeJlbHOU Ha8eJICHOCTU p HaSblBaerC51 JvlOOeAb, onpe8eAeflflaJl 

neCCUMUCTUttHblMU (x == 1) COBMeCTftbl.JlU oOBepureAbflblMU ol{eflKQMU 

(Q) ypOBflfl a= I-p lw60pa MQ= {Mq, qEQ} saaalOutux cped
flUX (uaH)l.eHHbIMH rro o6yqalOllJ,eH nOCJIe)l.OBaTeJIblHOCTH Z = (z], ..., ZN), 

HCITbITaIHHH). 3)1.ecb HyX('HO o6paTHTh HHHMaHHe,qTO Ha)l.e2KHOCTb )1.0

SepIITeJIb'HbIX o~eHOK paBHa 1 MHHyC BepXH5I5I rpaHHua a(ll) =a [Be... 

pOHTHOCTH OIliHOKH, qTO COOTBe'TicTIByeT neocHMuCTUq,HOMY oueHH'Ba

HHIO. 3ro npHHI.I,H'TIHaJIb'HbIH MOMeHT, qTO orrTHMH3M, eCJIH H .uonyc

TUM rrpH 'HaX02K)l.eHHH peilialOllJ,HX iII'PaBHJI, HO <flH B IKoeM iCJIyqae He 

rrpH CHHTe3e HalI,e)K,HhIX MO,II.eJIeif. Ha,n,e)KHble MO,lLeJIH IT,eCCII;M,HlCTHqHbI. 

HTaK, )l.OBeplITeJIbHaH MO)l.eJIb pa'BHOCHJIbHa paCIIJIblB'llaTOH OI.l,eH

Ke 3a)l.alOllJ,HX MO)l.eJIb napaMeTpOB: Cpe)l.lHHX 3HaqeHHH npu3HaKOB, 

HTOfOM cTaHeT HHTepBaJIhHaH MO)l.eJIb ,Cpe)l.'HHx .It, :flO TOJIbKO B TOM 

CJIyqae, eCJIH OI.l,e:HKH l-lz (Q) IfH)l.HKaTOpHbI€ HJIH COBMeCTHble UHTep

BaJIbiHble, T. e. ~tZ (Q) npHIH'HMaeT 3HaqeHHH JIH60 O,JIH60 1. JlpH"IeM 

3HaqeHHe /l z (Q) = 1 H BbI)l.eJI5IeT KaK pa3 06JI3CTb e Tex O=MQ, 
KOTOpr,Ie BKJIlOqaIOTCH COCTaBJIRIOllJ,HMH cUHl1e3HpyeMorr MO)l.eJIH .It, 
3arrHcbliBaeMoI1 ,KaK HX 06be)l.HHeHiHe: .It = V <MQ). Hpe)l.<CTaBJIReT-

MQE@ 
CH HM .It RaK 06JIaKO cOCTaIBJIHIOllJ,HX ee npocTbIX MO)l.eJIerr <MQ) 
O.1,'HOH KOIHI.I,eHTpaI.l,HU B CMbIICJIe O)l.HHaKOBOfO )l.OBepHH 'KOBceM HM 
BHyTpH e (If HyJIeBOrO ,L(OBepHH BHe 8). 

3aMeTHM, npe)l.CTaBHB .It LJepe3 rrepBHLJHble cpe)l.HHe: .It=<M~), 
'ITO 'COBrra)l.e'HHe rrepBllqHOfO Ha60pa ~ )l.OBepHTeJIbHOH MO)l.eJIH C 3a

)l.alOllJ,HMll rrpll3uaKaMH Q 6y)l.eT 'JIHilib IB CJIyqae, KOf)l.a o6JIaCTb e 
npRMOYfOJIhHaH, T. e. HarrpaBJIeHHHee rpa:HeH COBna)l.alOT C HanpaB

JIeHHHMH q. HarrpHMep, I-tz(Q) eCTb COBMeCTHaH llHTepBaJIbHaH OI.l,eH

Ka Mq, Mq, qEQ, TOr)l.a @= {Mq: Mq~Mq~Mq, qEQ}. 'uJIH )l.py~ ~ 

rHX HH)l.HKaTopUblX OI.l,eHOK l-lz (Q) Ha60pbl ~ H Q, IB 06~eM, pa3JIH
lJaJOTC5I IMe)K,lI.Y co6oif: C§ =l=Q.
11* 
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8.2. nOCTPOEHHE ,QOBEPHTEJlbHOA MO,QEJIH HA 3A~AHHOM HA60PE 
C06bITH" 

HCXO,ll.HbIe nOJlO1KeHHSI. 3,LLeCh paCCMaTpHBaeTC5I TOT CJIyqaH, Kor .. 

,na 3a,lJ.alOllJ;HMH napaMeTpa:MH 5IBJI5IIOTCH IBep05ITHOCTH IHa60pa IC06hI

THH, nOHaqaJIY 'HenepeCeKaIOm,IIXCH, qTO npHMeHHMO K TeM 3a,.naqaM, 

B KOTOpbIX HS Bep05ITHOcTei1 H CJIaraI011C5I xapaKTepHhle IqepTbI HHTe

pecylOmero Hac HCCJIe,rr,yeMoro 5IBJIeHH5I. TaKOH BbI60p MO:IKeT pyKO

BO)I.'CTBOBaTbC5I npOCTOTOH If y,LL06CTBOM <oueHHBaHHH Bep05ITHOCTeli. 

npH 3TOM qeTKO Hy)KHO OC03HaBaTb, qTO Bce rrepBHqHble IlpHSHaKH 

HTOrOBOI1 ,LLOBepHTeJIbHOii MO,LLeJIH 6ynyT 06H33TeJIbHO nOCTOHHHbIMH 

Ha 3a,LLalOmHX 'C06bITHHX HJIH HX rrepeCeQeHIl5IX H 3TO MecBOHeTBo 

nepeii,neT ,naJIbIIle K pewaIOmHM npaBHJIaM (,rr,OCTaTOqHOrO K,lIacca) 

KaK KOHeQUOH ueJIH nOCTpOeHI1lI MOJI-eJII1. 

CepOpMyJIHpyeM epopMaJIbHO 3a,rr,aqy CHHTe3a MO,LLeJIH (n3,IT.Sa,LLa

qy). TIYCTb Z= (ZI, ... , ZiV) eCTb o6yQaIOIUHe HCI1bITaHHH lIS npOCTpaH

CTBa 2: zjE2 (cKaJI5Ip'HOrO HJIH BeKTopHoro) 11 nycTb AI, ..., A h 

HerrepeceKalOlUHeC5I C06hITHH, TaKHe, qTO ~AjCZ, 'H Ak+I = 
== £-2:A j =F: 0 - OCTaTOQHOe CoohITHe, BBe,UeHHoe ,LLJIH 06I..UHOCTH. 

BepoHTHoCTH P (ZiEA,d == Pi CQHTalOTC5I CTaUHOHa pHbIMH, He 3aBBeR

mHMH or HOMepa i Ha6JIIO,LLeHHH, a C06bITHH ZiEA} H Zi,EA j , rrpH 

i=l= i' HeKOBapHHpOB3HHbIMH. 3TH yCJIOBH5I 6y,rr,yT BbIIlOJIHeHbI, eCJIH 

HCIIbITaiHH5I 5IBJI5IIOTiC5I He33BHCHYIbI,M.HCTaIl)i'OHa'pHbl~H. 

3,neCb 33,.n310111HM Mo,rr,eJIb 6y,LLeT BeKTOp p = (PI, ... , Ph) :Bep05IT" 

HOCTeH. Era H Uy)KHO oueHHTbIIpH 33,naHHo:t'r H3,LLelKHOCTH p. ECJIH 

060SHaQ:HTb ,llOBepHTeJIhHyIO OUeHKy f..tz(p), TO ee Ha,ne.IKHOCTh paBHa 

p=M~z(p). 

IlpH YKasaHHbIX yCJIOBHHX ,nOCTaTOqHbIMH Jl.JIH OueHHB3'HHH 5IB.JI5I

IOTC5I BeKTopbI qaCTOT r== (rl' ... , rn), r,lle rj - tIHCJIO 3JIeMeHTOB Zi, 
N 

rrorraBIllHX B A j : rj == ~ {ZiEAj}. OueHKa ~z (p) == llr (p) ,UOJIiKHa 6bITb 
i=l 

<pyHKUHe-t'r BeKTopa r. 
I1pH KalK)I.OM sanaHHOM BeKTope p Bep05ITHOCTH QaCTOT r1, .oo, rk 

~aIOTC5IHSBeCTIHOH 'MyJIbTHHOMHHaJIbHOI1 ¢OPMYJIOB 

'1 'k+l N'/( , ')Pp ()r =Pl ... Pk+l . '1· ... r k +I • ,
 

k k
 

r,ne CtII1TaeTC5I 0°=1, Pk+l==l-~pj, rk+l==N-~rj. <PopMyJIa )I.JI5I 
1 

P (r) onpeneJI5IeT nepexo,nHyIO Ha,llMO,LletlIb Jt;, pe,nyUI1pOB3HHyIO 01p 
Z K r. 06mefI Ha,lI.MO,LLeJIbIO :I1!CnbITaIHHH 6y,LLeT npOH3Be,lleHHe JIlpr = 
=J{P Jt~ , Ky)I.a B tlf{P MO)KHO BJIOLKHTb anpnopHble CBe)l.eHHH a p, 

eCJIH oHH'eCTb. Hx 06bltIHO HeT, Tor,na J{P = 9' P H Ha,LLeLKHOCTb .nOBe

pHTeJIbiHO~ ioue~UKH !1z (p) aeKTopa p :paBHa 

p = min 
P 

lllKaJIa 

)KeJIaeMbl'M 

~ fJ.r (p) Pp (r). 
vr 
paCIlJIbIStIaTOCTH OneHKH nelKTopa p aD MHorOM 065I33tHa 

C.BoHICTBa'M nOJIyqaeMOrO no AOBepaTeJIbHOH MOAeJIH pe

>0. 1 

maIOI.II.erO rrpaBHrJIa. EiCrJIH lKe He olnpe,UeJIHTb nOKa ,pernaeMyIO IHa 6a
3e iMo,neJIH CTaTUCTHQeCKYIO 3a,naQy, TO pa3yMHo HCnOJIb30BaTh HHTe

rpaJIbiHyIO llIKaJIy KaK HaH60JIee npOCTYIO: 

k+l }
Q (/1) = S.~. S. /1r (p)d p, I = { p: 7 Pi = 1, Pi > 0 . 

QacTHa5I Jf(r ) ,rr,aIOlUa5I IHa)I.Mo,.neJIb BeKTopa qaCTOT r, orrpe,lletlIHeT

e5I rpaHHuaMH: 

M f (r) = max ~ f (r) Pp (r), 
p vr 

n03ToMY COCTaBHO~I pHCK 3anI11I1eTC5I: IlJ.. (ll) = 1- M flr (p) +Iv M Q X 

X (~) = 1 - min L flr (p) Pp (r)+A max ~ Pp* (r) S ... S ~r (p) dp 
p yr p* yr J 

r,ne "A -BecoBotI K03cPepHUHeHT. Hy)KHO MHHI1MHSHpOBaTb p'HeK BbI

60POlVI f.t r (p). 

llepenHweM pHCK CJIe,nylOlUHM o6p aSOM: I1", (1-1) = I-inf ~ S•..Sf1r X 
w(P) vr I 

x (p)Pp(r)w(p)dP+ASUP ~ S ... JPp{r)w*(p)dpJ ···S l-tr(p)dp . , w*(p) yr _ I I 

Tor;La ueHa Ha,nsa,naqH !npuMeT iBHA 

.V = 1 - sup inf ~ J ... S ltr (p) [Pp (r) w (p) - Iv Pw * (r)J d p, 
"'" w, w* yr I 

p·ne HHepHMyM HIll,eTCH no BceBOSMO)KHbI,M anpHopHhlM TIJIOTHQlCT5IM 

w (p) H w* (p), a Fw* (r) =J ... J Pp (r) w* (p) dp - Bep05ITHOCTb BeKTO" 
I
 

pa r Tlp,H I1JIOTHOCTH w*.
 
B COOTBeTCTBl1l1 C 06mHMH npHHlI)lnaMH MHHllMaKca [22] cynpe

MyM H HHepHMyM B sanHCH ueHbIHOMeHHe:M MeCTaMH. IlpH KaLKJI.bIX sa

.naHHbIX ,w (p) II w* (p) OTITHMaJIbHa5I oueHKa Mr(P) BeKTopa p 6YJl,eT 

HH,LLHKaTOpHoII, npHHI1MalOLUefI 3HaqeHHe 1 rrpH 

Pp (r) w (p)/Pw* (r) >-= Iv (8.1) 

HOB npOTHBHOM ICJIytIae. C ytIeTOM ,Hai1,LLeHHOfI OU€HKH U6Ha 3arrH
,WeTC51: 

v = 1 - inf ~ S... f [Pp (r) w (p) - 'A Pw * (r)]+ d p. 
wtw* yr I 

iOTCIO~a HyLKHO I1CKaTb H311MelHee 6JIarOnpH5ITHble W (p) H w* (p)) KO

Topble 3aTeM rrO,llCTaBJIHIOTC5I B (8.1), tITO H 'nplIBe,lleTK HCKOMOH 

OTITlIM3JIbHOI1 loueHKe p. Oopor A 3,UeCh )I.'OJIMeH 6hITh IBbI:6paHHCXO,lJ,5I 
.lIS 3a,lI.a1HHOfI \HaUl,eLKIHOCTH 

p= ~ S···J l-tr(p)Pp(r)w(p)dp, (8.2) 
vr I 

KY,LLZl nO)I.CTaBJIHeTiC5I HalUMelHee 6JIarOIlpHHTHaH nJIOTHOCTh W (p). 
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, II IcoTBeTcT'BYIOIl\He WM Cpe.llHHe
TpY.lI.HOCTH HaXO)K.lI.eUHH HaHMeHee 6JIarOnpHHTHbIX rrJIOTlHOCTeii 

BbIHY)K.lI.aIOT rrpH6eraTb K HeKOTOpbFM «pa3YMHblM» Ba.pHaHTaM UX 

nO.ll.6opa. 

MO.ll.eJIb HaH6oJIbWerO npaB,ll.orro,ll.o6HSI. DYCTb arrpHopHoe pacrrpe

.lI.eJIeHHe BeKTopa p paBHOMepHO W (p) = const H rrYCTb Pw* (r) ='Const, 

1'. e. a'O'p'HOpH HHKaKHM BeKl'O'PaM lIaCT'OT rrpe.ll.IIOllTeHHH ,He OT.lI.ael'CH, 

liTO BOIIpe.ll.eJI.e'HHOM CMbICJIe OTpa)KaeT IHe6JIarOnpHHTHYIO ICHTyaUHIO. 

Tor.ll.a ¢opMYJIa (8.1) 3amIWel'CH Pp (r) ~A, T. e. oueuKoii HBJIHeTCH 

HH)lHKaTOpHaH ¢YHKUHH ceMeH'CTBa 'BeKTopoB p MaKCHMaJIb'HOH Be

pOHTHOCTH (HaH60JIbWerO rrp a B.lI.Orro.ll.06 IiH) . DocJIe JIOrapH¢MiHpOBa

HHH 06elix lIaCTeH 'rrOCJIe.ll.HerO ·HepaBeHcTBa, rrepeMeHbI 3Ha'Ka H 06'be

.lI.HHeHHH Me)K.lI.Y C060H rrOCTOHHHbIX CJIaraeMblX oueHKa npHMeT BH.lI. 

~ k+1 •	 k+1 
F (p, p) = - ~ Pi In Pi :::;;; AI, A1N = -In A +In (Nl) - ~ In (rh, 

~I	 I 
(8.3) 

r.ll.e pj=rj/N - eCTb OTIHOCHTeJIbHble lIaCTOTbI 'BbIIIa.ll.eHIiH C06bITliH A j. 

OTMeTYlM, liTO ¢YHKr..r:HH F (p, p) HeOTpHuaTeJIbHa H npHlHIiMaeT 
~ • k+1A 

MHHHMaJIbHOe 3HalleHlierrpH p=p, palBHoe: F(p, p) =- ~ Pi Inpj. 
I 

rIopODOB'Oe .3HalleH'He A (a OT'CIO.lI.a IH AI) IHaXO.ll.HTCH rro (8.2) c rro.ll.

CTaHOBKOH oW (p) = const. I1HTerpaJI lIpH 3TOM rrOJIylIa,eTlCH TPY.lI.OeM

KHM, ,rr03ToMY eCTb CMbKJI orrpe.ll.eJIHTb A lliCXO.ll.H H3 HH)l{IHeH rpaHIiUbI 

Ha.ll.e)K'HOCTH: 

p = min ~ Pp (r). (8.4) 

p r: P p (r) ;:;. '" 

HepaBeHCTBO (8.3) C rHaXO)K.lI.e,HHeM Al C rroMow.blO (8.4) ¢OpMH

PyeT 'c-eMeHCTBO .;It BeKTopoB p, COCTaBJIHIOw.HX }!.OBepHTe.'lbHYIO MO

.lI.eJIb Ha.ll.e)KHOCTH p. 3Ta .;I{ liHalie 3a.ll.ae1'CH C,BOHM,H nepBHlI'HbIMH 

CP~)l,iHHMH,K IIIOHOKY NOl'OpbIX H rr:pHCTyiIIaeM. 3.l1.eCb (Ta'K KaK ceMeH

CTlBO .;I{ HerrpHMoyrOJIbHoe) nepoHlIlHbIMH IIpH3HaKaMli He 6Y.ll.YT caMH 

3a.ll.alOw.He C06bITHH A j (BepOHTHOCTH p KOTOpbIX oueHHBalOl'CH), a 

6Y.lI.YT ,H3MepHMble ¢YHKUHH HaHHX. 

k	 A 

0603HaqHM pO=(p01, ... , POR), pOk+l=!-2;pOj-peWeHHH ypaBHeHHH F(p, p)= 
I 

= A1 OTIlOCHTeJIbHO p npH Bbl60pe 11,1 no 3a.llaHHOH Ha.lle)l(HOCTH p. 3TH peweHHH 06

pa3YlOT Ha60p, 3a.llaIOIl\HH nOBepxHocTbceMeHcTBa .If(. TIepBHQHble cpe;lHHe onpe.lle

JIHIOTClI rHnepnJIOCKOCTlIMH B nO.llMHO)l(eCTBe I npOCTpaHCTBa ,92"+1, KaC31OIl\HMHClI 

ceMeikTBa .If( IB TOQKaX pO. TalK K3K of(r, p)/opj=-rj/pj, TO ypaBHeHHlI 3THX rHnep

k+l 
nJIOCKOCTeH HMelOT BH.ll 2;pj (pj_pOj) /po j = O. 3TH rHnepnJIOCKOCTH H onpe.lleJIlIlOT 

I 
nepBHQHWe npH3HaKH BH.lla 

k+1 

gpo(Z)= ~pjAi(Z)/Pj, pj=rj/N, 
i=1 

k+1 k+l 

Mgpo = ma~,( ~ Pi Pi/P; = ~ Pi P;;P; = I. 
PE.;w I II 

B pe3yJlbTaTe pa3JIH'IHbIM pO KaK peweHHlIM ypaBHeHHlI F(p, p) =11, cooTBeTcTBylOT 

I pa3JIHQHbie JIepBHQHJ,Ie npH3Ha,KH gpo(z) C O.llHHM H TeM )I(e y Bcex paBHbIM I Bepx

HHM Ope.llHHM. 

Ta'KHM 06p a30M, nep8Utf.flblMU cpeOflUMU, onpeoeAflFOUfUMU d08e
pUTeAbHyFO MooeAb, 6yOyT 

- k+1 A ° k+l A ° 
M .~ Pi Ai (z)lpi = 1, V'po: - ~ Pi Inpi=A1 • (8.5) 

I I 

Mbl BH.lI.HM, liTO .;I{ 3aBH'CHT 01' ,rrOJIYlIeHHbIX B ",CrrbITaHHHX lIaCT01' rj 
(HJIH O1'HOCHTeJIbHbIX lI31Cl'01' Pj). DPH N-+-oo ,MO.ll.eJIb .;It CT5IrHBaeTCH 

K TOliHOMY pacrrpe.ll.eJIeHHIO BepOHTHOCTeH, COOTBeTc1'BylOlUeMY rrpe

.lI.eJIbHbIM lIaC1'OTaM Pj= lim Pj· 
N-+oo

i 
t DOJIY'lIHM 'B H,BHO'M EH.lI.e 'He'KOTopble H3 rrep'BHlIHbIX Cpe.ll.HHX, co
I OTBeTcTBylOW.HX Ha60py (8.5). JLJIH 3Toro ¢HKcHpyeM pOj= Pj, j = 

=2, ... , k, H 6Y.ll.eM HCKaTb pOI H3 paBeHcTBa F(p, p) =11,1. DOJIyllHM 
pO) KaK peweHHe ypaBHeHHH 

A • AA	 k. ~ 

- PI In PI - PHI In (PHI +PI - PI) = AI + ~ Pi In PJ' 
2 

3THX peweHHH 6Y.ll.eT .lI.Ba: !tl' pOl, r.ll.e !!ol~PI~p01' TaKHM obpa

30M, IHICKOMbIH neK1'Op pO/{ BepOH1'HOCTeu 6Y.ll.eT HMeTb BH.lI. pOI, P2, ... , 'Ph, 
k 

(1- 'L,pj-pOd, r.ll.e pOI paBHO JIH60 pOl, JIH60 pOl. COO1'BeTc1'BylOlUee 
•	 2 ~ 

Ka)l(.lI.OMy TaKoMy BeKTopy IrrepBHlIHoe Cpe.ll.Hee HaXO.ll.H1'CH H3 ypas
HeHHH (8.5) H HMeeT BH.lI. 

M (PI - pr) [AI (z)lp~ - Ah+1 (Z)I(PHI -+ PI - p~)l = O. 

3aM'eHHH HH.lI.eKCbI 1 H k+ 1 .pa3HbIMH KOM6H1HaUHHMH HH.lI.eKCOB 1, m, 
1=1= m, 0'1' 1 .uo k+ 1, rrOJIyllH>M rro.ll.Ha6op rrepBHlIHbIX Cpe.ll.HHX BMeC1'e 
c ypaBHeHHHMH .lI.JIH IiaXQ)K.lI.e<HHH ,?:l H pOl. 

ECJIH CKJIOHHTbCH K yrrpor.ueHHHM, TO 01' -Bcero Ha60pa (8.5) rrep

BHllHbIX Cpe.ll.HHX MO)KHO OTKa3aTbCH, OCTaBHB HX KaKylO-1'O lIaCTb, 

liTO rrpHBO.ll.HT K paCWHj)CHHIO }!.OBepIHeJIbHotI M0.ll.eJIH C YBeJIHIleHHeM 

Ha.ll.e)KHOC1'H, 3a OCHOBy paCWHpeHHH MoryT 6bITb B3HTbI JII06ble rrpH3
k+l 

Ha,KHBH.ua g (z) = 'L,g;A i (z). I1HTepe'CHO TO, liTO Ka)l(.lI.bIH H3 HHX C 
I 

TOlJHOCTblO .lI.0 MHO)KHTeMI COBrra.ll.aeT C 0.ll.HHM H3 rrepBHlIHbIX rrpH3

HaKOiB (8.5) (.lI.JIH 3TOTO iHY)KHO rr'O.ll.o6paTb cooTBeTcTBylOlUee pU), rro

31'OMy TaKoe paiClUHpeHHe 3KBHBaJIeHTHO YMeHbweHHIO lIHCJIa rrepBHq
IlbIX 'Cpe.ll.HHX. 
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HCnOJlb30BaHHe KpHTepHSI XH-KBa~paT. Onpe,neJI5IIOmee ,nOBepH
B cpaBHeHHH \C \(8.3) HMeeM 

TeJIHHylO MO,neJIb Jf{ CeMeH'CTiBOBeKTOpOB p MO)KeT 6bITb :BbI6paHO C 1 
rr03HUHH ynpomeHHOrO paeqeTa nopora 'A. I-'!'CnOJIb3yeM ,nJI5I 3TOrO 

CTaTHlCTHKY XH-'KBa.rr.paT 

k+l A 

~ (Pi - PJ)2/pj~ A2 , (8.6) 
1 

r,lLe'A2 Haxo,nHTC5I ITO 3a,naHHoH Ha,ne)l{HOCTH p. IlpH60JIhlllHX N JIe

Ba51 qaCTh IHepaBeHCTBa HMeeT rrpH6JIH)I{eHHO paenpe,neJIeHHe Xll-KBa,n

paT c k CTeneH5IMH cBo6o,nbI 1[25]. Tor,na rropor A2 16y,neT KpHTll4ec

KOH TOQKOI1: 3Toro paorrpe,neJIeHH5I. CeMeflcTBy Jf{ BeKTopOB p, onpe

,lJ.eJIeHHoMy HepaBe'HCTBOM (8.6), cooTBeTcTByIOT rrepBHqHble 3'HaQeHH5I 

- k+ 1 2 0 k+ 1 2 0A A 

M ~ Pi Aj (z)/(pj)2 = 2: Pi/Pi, 
1 I 

r,ne pO ,eCTb BceB03MO)KHble peWeHH5I ypaBHeHH5I (8.6), 'B KOTopaM se
paBeHcTBo 3aMeHeHO Ha paBeHcTBo. 

HHcf>opMau,HoHHbIl1 KpHTepHH nOCTpoeHHSI .n.oBepHTeJlbHOH Mo.n.eJlH. 

Ey,neM (CqHTaTb B (8.1) w (p) ==:eonst II OCTa'HOB'HM'C5I Ha rro,LL6ope 

rrJI01lHOCTH w* (p), ,BXO,lJ.5ImeH B 3HaMeHaTeJIb. EYJLeM nCKaTb MaKCH

MyM 3uaMeHaTeJI5I no w* (p) npH KaLK,nOM 3a,n3HHOM BeKTope 4a,c

TOT r. 3TOT ,MaKCIIMY'M ,nOCTHraeTC5I npH ,neJIbTa-epyHKUHH ,UupaKa 

w* (p) =='f) (p-p) 11 onpe,neJI5IeTC5I no epOPMYJIe 

P (r) = max Pw* (r) = max Pp (r) = Pr/ N (r). 
w* p 

OnpaB.rr.aHHeM ,HalIlHM )].eHiCTBH5IM 'CJIY2KIIT TO, tITO HMe51 Ha6JIIO,UeH

HbIM !BeKTOp r, MbI paeCMaTpHBaerv1HaMMeiHee 6JIarOnpH5ITHYIO IIJIOT

HOCTb w* npHMelHHTeJIhHO K f. 

C yqeTOM Hall,neHHoro P(r)nOCJIe rro,nCT3'HOBKH ero B (8.1), JIO

rapH<pMHp'OBaHH5I o6eHx qaiC'Tell HepaBeHcTBa II IIepeMeHbI 3HaKa npH

XO,lLHM K CeMeI1:rcTBy eJf{ BeKTopOB p, onpe,UeJI5IeMoMy IHepaBeHCTBOM 

A k+l " A 

J (p, p) = ~ Pi In (pj/pj) ~ 'As· (8.7) 
1 

JIeBa5I qaCThHepaBeHcTBa (8.7) eCTb pa3JIHQaIOma5I HHepOpMaUH5I 

[24], co,nep.iK3ma5IC5I B BeKTope p B rrOJIb3Y TOq'HOH BepOSITHQlCTHOH 

Mo,neJlH, arrpe,neJI5IeMOH 3THM BeKTopoM, npH KOHKypHpyIOmeH aJIb

TepHaTHBe p. 5!CHO, 4TO tIeM MeHbwe 3Ta pa3.lIHq3IOma51 lIHepopMa-
A A 

Il,H5I, reM 6JIH)Ke p K p, a IIpH p == p 3Ta HH¢OPMaUH5I l\1HHHMaJIbHa 

H paBHa O. TaKHM 06pa3Q1M, COrJIaCHO (8.7) ,noBepHTeJIbHylOMO,lJ,eJIb 

o6pa3yIOT Ta'K'He BeKTopbI p,KoTopbleB CMbI'CJIe pa3JIHQaI01ll,eH HH

epOPM3UHH OTICT05IT OT p'" ,He 6oJIee, ,qeM Ha qHCJIO ,'As. Ilopor As Haxo

,lLIITC5I H3 epOPMYJIbI (8.4) e nO,lllcTaHoBKoll HepaBeHcTBa (8.7) Ino)]. HH3' 

CUMIBOJIa CYMMbI KaK OrpaHHQeHH5I Ha r (Bc.nOMHHM, lITO p"== rIN). 
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A A A Ak+l 
J (p, p) = ~ Pi In Pi +F (p, p), 

1 

k+l 
n03TOIVlY (8.7) COBna,naeT C (8.3) IIpH 'AI ==As- ~ Pi In Pi. 3aMeHHM 

1 
B (8.7) HepaBeHcTBoH3 paBeHcTBo H o603Haq.uM KaKoe-TO ero BeK-

Top-perneHHe pO. .3TOT BeKTop eOBna,U3eT C TaKIHM .IKe onpe,neJIHeMbIM 

npaBbI'M paBeHcTBoM B (8.5), eCJIH nO,LLCTaBHTb Ty,na BHOBb rrepeCtIH

TaHHoe 3'HaQeHHe AI, rro3ToMY rrepBHQHble Cpe,lLHHe 6y,nYT COBUa,lI.aTb 

c (8.5) IIpH C'ooTBeTcTByIOLUHx pO, QTO Be,lI.eTK cJIe,ll.YIOmei1 8aIIHCH 

nepBHIIHbIX cpe,nHHx ,noBepHTeJIbHOH \Mo,neJIH H ypaBHeHHI1: ',ll.JI5I pU H 'As: 

- k+l 0A A 

M ~ Pi Aj (Z)/Pi = 1, J (p, pO) = A3, 
I 

p = min L: Pp (r). 
p A 

r:J{p,p) ~A,3 

AOBepHTeJlbHbIe COBMeCTHbIe o~eHKH. TIYCTb d k = {AI, ..., Ak } 

np0I13BOJIbHbIH (B 06I.I..I.eM, rrepeCeK3IOI.I..I.HHiC5I) 'Ha6opco6blTHH Ha .2. 
Tpe6yeTc5I rrOJIYQHTh COBMeCTHble ,ll.OBepHTeJIbHble oueHKH IBep05ITHOC

TeH 3T,HX C06bITHH: pj = P (A j ) IB IBH,ne rrpoH3Be,neHHH oueHOK l-tz (pj) 
k 

OT,neJIbHbIX C06bITHH: (.tz (p) =II !-tz(Pj). Tpe60BaHHe K Ha,ne:tKHOCTH 
1 

COBMeCTHOI1: oueHKH Ha:KJI3,nbIB3eT orp aIHHQeUH5I Ha Ha,lle)l{HO'CTH OT" 

)1.eJIbHbIX oUleHOK. 3TOT Bonpoc 3,rr.ecb H paeCMaTpHBaeTCH, a HlM'eHHO 

nOJIY4I1Th COBMecTHyIO ,nOBepUTeJIhHyIO OU.eHKy,'HMeH OT,neJIbHble 

oueHKH. 

,UJI5I OT,neJIbHOrO C06bITH5I A j ,UOBepHTeJIbH35I oueHKa Ej, Pi ypOB

H5I ui ~aeT'C5I KaK ,peweHHe ypaBHeHHit [25] 
, j -1 r rj4 r __r r .

~ C1pj(1-pj)N-i =l-ajO, ~ C~vpj(l-pj)N-£ = ail' V' 
[=0 - - i=O 

r,ne UjO+Ujl = U.i H rj - QaeTOT3 3Toro C06bITllH. B aCllMTITOTH'q,eCKOM 

BapHaHTe npH N---+-oo iH UjO=='Ujl =='Uj/2 ,ll.QiBepHTeJIHHble rpaHHUbI 6y,llyT 

rrpa6JIH)I{eHHO paBHbI 

Pi + cD-I (l/2-aj/2) VPi (l -pJ)/N, 

r,rr.e <D (x) - epyHKUH5I JIaUJI3'ca. 

Teo:peM38.1. flyCTb x=="l U f.lr (Pj), j=l, ... , k, eCTb oOBepu
TeAbHble uHTepBaAbHble OL{eHKU napaMeTpoB pj==P(A j ) ypoBHeu Uj, 

onpeOe.llfleMble cpaHUL{aMU ~(Ai) ==E.j, P(A j ) ==pj. Tocoa BTU cpaflU

l{bl, 83JlTble sa nepBUtLlible, saoalOT 008epUTeAbHY1O UHTepBaAbliylO 
k 

MooeAb J(p liaOeJICHOCTU, no KpaUlieu Mepe, p~ l-~aj. 
1 
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.IX 0 K a 3 aTe JI b C T B O. .IXJIH COBMeCTHOH oueHKH J.t (p) = r 

a • 
9JIeMeHTapHoe HepaBeHCTBO IIJ.tr.(Pi);::3I-~[I-J.tr.(Pi)], 

J J J J 
k k k 

;k 
IIJ.trJ (Pi), Hcno.~b3Y»
 
I ~
 

HMeeM: p=Mf.lr(p)= 
-

=MIIJ.trj(Pi) ;::31-~M[I-J.trj(Pi)].=l-~ai' 'lTO H Tpe6oBaJlOCb.
 
-I 1 1
 

3 a 'Me 1.1 a H H 51. 1. TeopeMa 8.1 HMeeT CMbICJI )J.JI5I JII06bIX COB


MeCTHblX .lI:oBepHTeJIbHbIX OIJ,eHOK 3a)J.aIOllI,HX JIapaMeTpoB. COBepweH


JIO He 06513aTeJII>H0, 'ITO 3TO OIJ,eHK,H Bep05l'I'HOCTeH H 'ITO IQlHH HHTep


BaJIbHble. TaK, eCJIH f.lz (mj), f = 1, ... , k, eCTb paCnJIbIB'laTble )J.oBep'H


TeJIbHble OIJ,eH'!m napaMeTpoB mj=Mgj(z), TO pa3MbITa51 MO)J.eJIb Ha
s 

)J.e)KHOICTH p~ 1-~aj 6Y:JJ.eT onpeJI.eJI5ITbC5I nepBH'lHbIMH pa3MbITbI'MH
 
I
 

cpe)J.HHMH f.lz (mj) ,npH3HaKOB gj(Z), j= 1, ... , k, H k - ;pa3MepHocTb
 

MO)J.eJIH (eCJIH HeT ,H36bITO'lHOCTH B ee nepBH'lHbIX cpe)J.HHx).
 

2. ECJIH ypOBHH aj, j = 1, ... , k, C'lHTaTb pa'BHbIMH Me)l{)J.y C060H, 

TO B COOTBeTCTBHH C TeopeMoH 8.1 Hy)I{HO 6paTb aj= (l-p)/k. 9ro 

3Ha'leHHe 51BJl5IeTC5I 5IBHO 3aHIDKeHHbIM, oco6eHHo npH 60JlbWOM k, ( 

'ITO npli'Be)J.eT K H3J1HIllHe paCIllHpeHHOH )J.OBepHTeJlbHOH MO)J.eJlH, no

3TOMy Tpe6yeTc5I nepeC'leT Ha)J.e)J{HOCTH no y)J{e BbI6paHHbIM nepBH'l 

IHbIM cpe)J.'HHM (.lI'OBepI1TeJlbHbI'M OIJ,eHKa'M) OT)J.eJIbHbIX napaMeTpOB. 

9TO )J.eJlael'C5I TaK. lly,cTb mj=M~gjiAi(z) = ~gjiPi, r)J.e Ai ~ Hene
i i 

peCeKaIOllI,HeC5I MHo)J{ecTBa, o6pa3yIOIIJ,He pa36HeHiae X, a Pi - IlX 

Bep05lTHOCTIl. Tor)J.a nepeC'lIlT3HiHa51 Ha)J.e)J{HOCTb 

p = min ~ Pp (r) ftr (m).
 
p vr
 

3. llpH yBeJIl1'leHHIl 'lHCJla nepBIl'lHbIX napaMeTpoB Ha)J.e)J{HOCTb 

MO)J.eJIH np'H 3a)J.aHHbIX OIJ,eHKax OT)J.,eJIbHbIX napaMeTpOB, IB 06ll1,eM, 

na)J.aeT. KpoMe Toro 'CJIy'la5l, .Kor)J.a 3a)J.aIOIIJ,l1e napaMeTpbI «CI1J1bHO 

CB5I3aHbI» Me)l{)J.y Ic060H, T. ,e. O)J.HHJIHillb He3iHa'lHTeJIbHO OTJIH'lael'C5I 

OT )J.pyroro. TaKa51 CB5I3b HMeeT Mec-ro, eCJlH 3a)J.aIOllI,HMIl 5I'BJl5II01'C5I 

BKJIa)J.bIBaIOllI,IleC5I )J.pyr B )J.pyra ,c06 bITII 51 , K pa'CCM01'peHHIO 'lero If 

npH·CTynHM. 

)l.oBepI1TeJIbHa51 Q>YHKIJ,I1S1 pacnpe,lI,eJleHI1S1. llycTb 3a.lIaIOllI,l1M (OH 

)J{e nepBH'lHbII1) 5IBJl5Ie11C5I 'Ha6op BKJla)J.bIBaIOllI,HXC5I .lIpyr B .lIpyra 

006bITHH Aoc:X, 8E.rl, Aoc:Ao' IllpH e::::;;8'; 0603Ha'lHM 'lepe3 Po= 
N 

= ~ {ZiEA o} IN - 3Ha'leHH5I OTHOCHTeJIHHbIX 'l3oCTOT nona)J.a'Hl151 no-
I 

CJI'e)J.OBaTeJlbHOCTH Zi HC'nbITaHI1H B IMHQ)IWCTBa Ao. EC.1IH oT06pa3IfTb 

X 'B .rl TaK, 'ITO A 0 OT06pa)J{aeTC5I B nOJlYHHTep'BaJl (-00, 8), TO p9 
KaK Q>Y'HKIJ,I151 8 6y)J.eTBbI60pO'lHOHQ>yHKlI!HeH pa'cnpe)J.eJl·eHH5I. 0603

Ha'lHM po = P (zEA 0). Tpe6ye11c5I HaHTH )J.oBepHTeJlbHble rpaHHIJ,bI 

)J.JI5I po, TaKHe, 'ITO P(II{,60-CN(p)::::;;PO::::;;,60+CN(P)})=p. Pa3HOCTb 
- 0 

1,6 0 -Po I - H3BeCTHa51 CTaTlfICTHKa KOJlMoropOBa, n03TOMY CN (p) 

eCTb Ta6yJIHpO'BaHHble np0IJ,eHl1Hble TO'lKH pacnpe)J.eJleHH5I 3TOH CTa
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THCTHKH[25]. TaK:HM 06pa30M, HCKOMbIMH nepBH'lHbIMH 3Ha'leHH5IMH, 

onpe)J.eJl5lIOllI,HMH )J.oBepHTeJIbHyIO MO)J.eJlb, 6y)J.yT 

P (Ao) = Po - CN (p), P(Ao) = po +CN (p). 

MbI BH)J.HM, 'ITO HeCMOTp51 Ha 6eCKOHe'lHOe B )J.aHHOM cJly'lae 'lHC

JIO 3a)J.aIOllI,'HX napaMeTpOB Po )J.·OBepHTeJlbHble rpaHHIJ,bI OT,lI.eJIbHbIX 

napaMeTpOB He CTaHOB5I1'C5I TeM He MeHee TpHBHaJIbHbIMH, He pac

ill'Hp5lIOTC5I )J.O HHTepBaJla (0; 1) ,KaK 3TO 'CJle)J.OBaJlO 6bI H3 Teope

MbI 8.1. 

8.3. COfJIACOBAHHblfl CHHTE3 MO)l,EJIEA H nPABHJI 

HaAe)KHOCTb MO,lI,eJIeH: 11 I1CTI1HHble oum6KI1 npaBI1JI. llpoIJ,ecc 

H3rOTOBJleHH5I npOMblIllJleHHbIX H3)J.eJI'HH «06paCTaeT», XOTHMMbI 3TO

1'0 HJlH He XOTHM, MaeCOH nO)J.rOTOBHTeJlbHbIX pa60T ,H 'BCnOMOraTeJIb

HbIX CJIy)J{6. Hy)J{HO pa3)J.06bITb Cblpbe, C)J.eJlaTb 3arOJlOBKH ,(MO)J.eJIU), 

CKOMnJleKTOBaTb HX, )J.OCTaBHTb ,K MecTy, a ,LI,JI5I 3Toro Hy)J{HO HMeTb 

nOMelll,eHHe, nO)J.rOTOB'HTb CTaHKH, TexHHKy, HaKOHeIJ" HaHTH pa60'lHX 

H 3aHHTepeCOBaTb ,fiX 3apnJIaTOH, opra'HH3'O'BaTb 3KOHOMH'leOI{,He CJIY)J{

6bI (XOT5I H 3TO eIIJ,e, KOHe'lHO )J{e, He Bce). I1 TOJIbKO nOTOM MO)J{HO 

npHcTynaTb K ,ca'Mo'My H3rOTOBJIeHHIO. Ha Ha)J.e)J{HOCTb, PHTiMH'lHOCTb 

pa60TbI Hy)J{HO CMOTpeTb B KO'MnJIeK'Ce C OXBaTOM Bcero OTJIa)J{eH

HOrOMexaHH3Ma npe)J.npH5ITHl1 'B .IJ,eJl'OM. 

llpHMepHO TO )J{e caMoe HMeeT Me-CTO npH ,CHHTe3e MO)J.eJlH, r)J.e 

nO,lI.r0110IBHTem';Hble pa60TbI ICOCT05lT 'B Bbl60pe .ff{xy, f!!), {n], x, CO

CTaBJl5I!0lll,'HX CTaTHCTH'lecKyIO 3a)J.a'ly, a caMoe fJIa'B'HOe - B BbI60

pe 'MO)J.eJIH .J!{XlI, 'CBoero pO)J.a HIHcTpyMeHTa K 6y)J.ylll,eMy H3:LI.eJIHIO 

peIllaIOIIJ,e'MY npaBHJlY (3arOTOBKOH K KOTOpOMy 5IBJI5IeTC5I ,f!!)). EpaK 

B lJaCTH IIHcTpyMeHTa )J.eJlaeT 6eCCMblCJleHHbIM caMO )J.aJlbH'eHillee 

«H3rOTO!BJleHHe» (KaKa51 6bl HH '6bIJIa 3arOTOBKa), 'no3ToMy B nepBYIO 

04epe)J.b MO)J.eJlb .ff{xy )J.omKHa 6bITb Ha)J.e)J{HOH, )J.OBepHTeJIb'HoH. B TO 

)J{e BpeM5I HeJlb351 H 3TO Tpe60BaHHe )J.OBO,lI.HTb )J.'O nOJl'HOrO a6cyp)J.a, 

3a6blBa51 0 IJ,eJleBOM Ha3Ha'leHHH MO,lI.eJIH - np5lMO BeCTH K H3)J.e

JUliO - peWaIOIIJ,eMy npa'BHJlY. Qpe3MepHble H3,lI.ep)J{KH Ha HHoCTPy

Me'HT nO)J.HIIMyT II BpeM5I H3rOTOBJIeHH5I, H cyMMapHylo CTOH,MOCTb. 

3)J.eCb Hy)J{eH 'KOMnpOMlfoCC. 

EY,EleM MbICJlHMono)J. «H'3)J.eJlH5IMH» nO:LI.pa3YMeBaTb npaBHJla )J.O

BepIITeJlbHO;O OIJ,eHHBaHI151 (XOT5I 3TO MO)J{eT 6bITb rrpO'BepKa rHTIO

Te3). Y MO,EleJlH H y rrpaBHJIa lCBOH aTpH6yTbI: y ,MO)J.eJlH - 3TO Ha

)J.e)l{HOCTb, y npaBHJla - OIllH6Ka (ypoBeHb 3Ha'lHMOCTH). llocJle)J.

H5I5I paCC4HTbIBaeTC5I no BH)J.y MO,lI.eJlH. O'leBH)J.HO, HMe51 HeHa)J.e)[{HyIO 

MO,EleJlb, HeJlb351 y)J{e )J.OBep5lTb OIllH6Ke (paC'leTHoMy ypOBHIO 3Ha

'lHMOCTH a), pa,e-C'lHTaHHOH (no MO,lI.eJlH) )J.Jl5I npaBHJIa, 1160 HCTlliH

Ha51 Bep05lTHOCTb OIllH6KH O)KH)J.aeTC5I 'BbIIlle paC'leTHoH. B TO )J{e 

Bpe<M5I ICJIHIllKO'M WHpOKa51 II OTCIO)J.a 'lpe3MepHO Ha)J.e)I{Ha51 MO)J.eJIb 

npHBe"QeT K HeonpaB)J.aHHoMy YBeJlH'leHHIO paC'leTHbIX OIllH60'K rrpa

BHJI. B03HHKaIOllI,ee rrpOTHBOpe'lHe pO)J{)J.aeT nOTpe6HOCTb BCKpbITb 
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c1'porylO CB~3b Ha.u.e:>KHOCTH MO.u.eJIH C 0llIH6KaMH rrpaBHJI, IK tIeMy H nYCTb Tpe6yeTcH 06eC,rretIHTb 3a.u.aHHbIH HCTHHHbIH ypoBeHb a 

nepeH.u.eM . olJ,eHKH: aXH (0) ~a. Do.u.tCTa'Ho'BKOH (8.8) Haxo.u.HTCH orpalHHtIeHHe,

DYC1'b aX (0) - ypoBeHb, HJIH paCtieTfiafl BepOflTftOCTb oum6/Cu OHH3Y Ha Ha.u.e:>KHOCTb p~ (x-a)f,[x-aX(a)] H BeJIH4UHa pac'4eTHo

pelllalOmero rrpaBHJIa 0, paCCtIH1'aHHOro rro .u.OBepH1'eJIbHOH Mo.u.e

JIH .Jf{p Ha.u.e:>KHOC1'H p. Tor.u.a C IBepO~THOC1'blO I,-p, C Ka'KOH MO~eJIb 

«6pa~KOBa'Ha», 31'a 0llIH6Ka He COOTBeTc1'ByeT HCTHHe, H HeKOHTpOJIH

'pyeMa. DeCCH,MH31M x = 1 npH pa:CtIeTe 3aCTa,BJI,~eT ycyry6HTb CH

TyalJ,HIO, ,CtIHTaib OllIH6Ky rrpaBHJI H3-3a ,«6paKa» Mo.u.eJIH MaK'CHMaJIb

HO B03MO:>KHOH, pa'BHOH 1; a KpaHHHH orr1'HMH3M x =0 - Ha060pOT. 

eCTb, ,rro 'CYTH, 'Bepa, 4TO ,BJce 6y'.u.eT ,KaK 'HeJIb3~ JI;ytIIIIe, T. e. oWH6'Ka 

MIfHHMaJIbHa H paBHa O. B pe3YJIbTa1'e MO)I{/HO ,rro.u.MeTH1'b, 41'0 He

I{OHTpOJIHpyeMa~ 0llIH6Ka npOCTO paBHa K03epepHlJ,HeHTY rreCCHMH3Ma 

x. TaK KaK «6pa'K» Mo.u.eJIH rro ee <IlOCTpOeHHIO 3aKJIa.u.bIBaeTC~ C Be

,POKI1HOCiblO I-p, TO UCTUftftafl (rrOJIHa~) 

'ElHJI COCia'BJI~eTC~ H3 HeKOHTpOJIlf.pyeMoH 
pa'CtIeTHOH c BepO~T,HOCiblO p: 

a~ (0) = pax (0) +(1- p) x. 

DO.!I.CTa'BHB B rrOJIytIeHHylO epOpMyJIy 

BepOflTftOCTb OUlu6KU rrpa

x C BepO~THOCTblO I-p H 

(8.8) 

aX(a) =xa(a) + (l-x)~(a). 

r.u.e a (0) = I-Ma, ~ (0) = I-Ma, iIleperrHweM HCTlf<HHYIO Bepo~TH()cTb 

OWH6KH B .u.pyro'M BH.u.e: 

a~ (0) = x [1-p (l-a (o)+~ (0»1 +p.::. (0). 

OT,clO.u.a Ha6JIIO.u.aeTC~ 'CB~3b HCTHHHOH BepO~THOC1'H 0llIH6KH !C K03ep

epHlJ,HeH1'OM rreClCHMH3Ma x. LIeM 60JIbille lIleCCHMH3M x, TeM 60JIbille 

HCTHHHa~ ow-H6Ka a'\, (0). Ho 3Ta oWH6Ka HCer.u. a He IBbIwe 

aOH(a) =p~(a), 41'0 COOTBeTcTByeT x=O. DPH x= 1 UCTH'H'Ha~ oWH6

Ka aIJ«a) =a(a) + (I-p)'[I-a(a)] ,CKJIa.u.bIBaeTCH H3 BepxHeH I'pa

HHlJ,bI oWH6KH ala) H (rrp!'! (;(0)« 1) HeHa.u.e:>KHOCTH I-p (BepoHT

HOCTH 6paKa) .u.oBepHTeJIbHOH 'Mo.u.eJIH. 

ECJIH 3arrHcaTb (8.8) eme B O.u.'HOYl BH.u.e: aXH(a) =ax(a) + 
+ (l-pHx-ax(a)J, TO 6y.u.eT 'BH.u.HO, tITO rrpH x>ax(o) IHcnfHiHa~ 
BepOHTHOCTb OWH6KH Bcer.u.a 60JIbWe paCtIeTHOH ax(a), rrpHtIeM tIeM 

MeHbllle 'Ha.u.e:>KHOCTb p H 60JIbWe meCCHMH3M, ieM cymeClBeHHeH 3Ta 

pa3,HHlJ,a, TeYl 60JIbWe HCTHHHaH BepOHTHOCTb OWH6:KH. OpH x~ 

~ I-aX (0) HCTHIJlHaH oWH6'!<a rrpeBblwaer pa'CtIeTHylO, rro 'KpaiiHeH 

Mepe, 'Ha BeJIH4HHY 'HeHa.u.eil{HOCTH I-p. 

Y'cTaHoBHM 'CBH3b MeiK.u.y HCTHHHOH 0llIH6KOH rrpaBH.'la H Ha.u.eiK

HOCTblO'Mo.u.eJIH, .u.JIH 4ero 3arrHilleM rrpH x=l: a1H(a)=I-p[I--a(0)]. 
Y'BeJIHtIeHHe p Bpo.u.e 6bI .u.0JI)!(HO YMeHbwaTb a1" (0). Ha caMOM .u.eJIe, 

rrpH )'I~eJIH40HHH p .u.oBepHTeJIl>HaH Yl0.'l.eJIb pacwapHercH, B pe3YJIbTa

Te a (0) B03paoCTaeT, Y<CTpeMJIH5IJCb ,K 1 rrp,H p--+1. Tor;:1,3 H aIH (0)--+1. 
T3'KHM '06'pa30Yl, 6paTb 60JIbWylO Ha.u.e:>KHOCTb Mo.u.eJIH 6eCCMbICJIeHHo. 

A TaK KaK (B 'CHJIy yCTaHOBJIeHHOro Bblwe) H MaJIaH Ha.u.eiKHOCTb 

He UMeeT CMbICJIa, TO. aAfl KaJICaOU CTaTUCTUtleCKOii 3aaatiU OOAJlCftO 
cyU{eCTBOBaTb onTUMaAbftOe 3ftatieftUe ftaaeJICftOCTU p (rrpHMep 6y.u.eT 

paCCMOipeH IB rrOCJIe.u.HeM pa3.u.eJIe). 

ro ypOBHH apac, Ha KOTOpbIH Hy:>KHO Ha'CTpaHBaTb 'rrpaBHJIO: aX(d) ~ 

~.[a-x(l-p)]/p=apac. ECJI~ a<x(I-p), TO rrOCJIe.u.Hee HepaBe.n
crBO ,H0BbI,rrOJIHHMO: ,HeJIb3H ,HaHTH apac, HalJ,eJIH'B Ha KOTOIpOe npa,BHJIO, 

nOJIy4HJI,H 6bI HCTH-HHbIH y'p,oBeHb a, 4TO rOHopHT 0 HeB03MO)!(H'OCTH 

nOJIytIeHHH no HeHa.u.e)!(HbIM Mo.u.eJIHM HH3Koro ypOBHH a OlJ,eaOK. 

Bcer.u.a ,a~ x (l-p) - UCTUftftblU ypoBeftb npaBUAa 60AbUle fteftadeJIC
ftOCTU MooeAu, B3BeUleftftOU K03q)(/JUtl,UeftTOM neCCUMU3Ma. 

OKa3aHHoe T04b-B-T04b rrepeHocHicH IHa paC4eT 0llIH6KH rrepBoro 

po.u.a aX (0) rrpH rrpoBepKe rarrOTe3. Ho eCJIH OlJ,eHKa OT,KJIHKaeTCH Ha 

rra.u.eHae paCtIel'HOro ypOBHH (no CpaBHeHYllO C JKTUHHbIM) :pacwHpe

HHeM, 4TO C'Boero 'po.u.a pealKlJ,HH (npoTecT) Ha HeHa.u.eiKHO'CTb Mo.u.eJIH, 

TO y IrrpaBHJIa .npOBepKH 'fHrrOTe3 nOHHiKeHHe paCtIeTHOH OllIH6KH aX (0) 
flO npH'HlJ,Hrry Ka4eJIeH BbI30BeT POCT paC4eTHOH OWH6KH BToporo po.u.a 

~x(a), H TeM caMbIM HCTHHHOH, orrpe.u.eJIHeMOH cOrJIa'CHO epopMyJIe (8.8) 
6y.u.eT : ~X,,(a) =p~X(a) +x(l-p). 

Terrepb nOHHTeH 06mHH CJIy4aH, 'BKJII04alOmHH B ce6Hpa<x:MoTpeH


I, HbJe 4a-CTHble H oX'BaTbI'BalOmHH TaJOKe 3a.u.a4Y epHJIbTpalJ,HH. DpHIBe


.u.eHHble 'co06paiKeHHH ,rrpHBo.u.HT K CJIe.u.ylow.eMy BbIpa)!(eHHIO .u.JIH
 

UCTUftftocO pUCKa: 

D~ (0) = pDx (0) +(1- p) [x sup D (0) + (1 - x) inf 0 (0)], (8.9)
a a -

r.u.e nepBoe CJIaraeMOe eCTb pHCK, ,paCC4H1'bIBaeMbIH rro .u.oBepHTeJIbHOH 

Mo.u.eJIH H B3BeweHHbIH ee Ha.u.e:>KHOCTblO p, a CJIaraeMbIe B KBa.u.paT

HbIxoK06Kax - 31'0, B 3aBHCHIMOCTH 01' 'CTeneHH neCCHMH3Ma x, o'Ppa

)!(alOmero «HaCTpoeHHe» rrpaBHJI, TOT HaH60JIbllIHH ymep6 H IC'OOTBeT

CTBeHHO HaHMellbWHH, KOToporo MO)!(1I0 )!(.u.aTb 01' «6paKOBaHHOH» 

MO.!I.,eJIH, ,rrpHtIeM 3Ta tIa'CTb pHC1{a '01' a 3aBHCeTb 'He 6y.u.er. 

Hy:>K,HO oTMeTHTb, tITO cTpyl<Typa OnTHMaJIb<HbIX npaBHJI 01' rrepe

paCtIe'POB pHCl<a, B 06w.eM, 3aw.Hw.eHa, TaK l{aK BCeueJIO onpe.u.eJIHeTCH 

nepBbIM CJIaraeMbIM (8.9), H B IKOHe4110M C4eTe, nepBH4HbIMH npH3Ha

KaMH .u.oBepHTeJIbHOH Mo.u.eJIH. fH61<HYlH oCTaHyr-CH OT.u.eJIbHbIe napa

MeTpbI 3THX rrpaBHJI, BapHalJ,HH KOTOpblX nO'MoralOT yrrpaBJIHTb pac
nJIbl,B4aTO'CTbIO HOWH61\oii. 

11Tal<, yCTaHOBJIeHO, 4TO HeftaaeJICftOCTb AtOaeAU BeaeT Ie fteo6xoau
AtOCTU BBeOeftUfl nonpaBOK B OUlu6KU npaBUA: UCTUftftble OUlu6KU 6y
8yT, B o6U{eJl1., 60AbLUe paCtieTftblX. OpH ,noTpe6HocTH 06eCnetIHTb epHK

cHpoBaHHylO H<CTHHHylO OWIlOKY (YPoBeHb) HyiKHO npe.u.ycMoTpHTeJIb

HO 6paTb 3aBe.u.OMO MeHbwee ,paC4eTHoe 3HatIeHHe co CKH.u.KOH IHa He

HaJJ.e)l('HOCTb, 41'0 'COOiBeTcTByeT H 41'0 npHBe.u.eT K rra.u.eHHIO peaJIbHbIX 

Ka4eCTB npaBHJI KaK ,OrrTHMaJIb'HbIX, Tal( H HeOnTHMaJIbHbIX. 

Pa3MbITbie .Il.OBepJ.-lTeJlbHble M0.ll.eJIH H perneHHSI. PaCnJIbIB4aTble 

OlJ,eHKH 3a.u.alOmHxrrapaMeTpOB Be.u.yT K pa3HbIM 'Mo.u.eJIHM, rrpHtIeM 

HH.u.HKaTopHble OlJ,eHKH 'Be.u.yT K 11M, a HeHH.u.HKaTopHbIe - K 60JIee 

06W.HM pa3MbITblM IYlO.'leJIH,YI § 2.3. 11 l'yT B03HHKaeT ,Bon-p-oc, KaK J].JIH 

pa3MbITbIX (HeHHTepBaJIbHblx) Mo.u.eJIeH opraHH30BaTb CHHTe3 OIlT'H
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MaJIbHbIX npaBIiJI. 9TOTBa)KHbIH MOMeHT OCTaBaJIC5I BtHe paMOK pa'c A,ll.anTau.HSI , Ha,ll.elKHOCTHoe Ou.eHHBaHHe cpe,ll.Hero npH HeH3BeCT1

CMO'DpeHIi5l, nOCKOJIbKyrrpii CHHTe3e MbI orpaHHlIIiBaJIHCb CTporo IiH nOK ,ll.HcnepCHH. npHHUHn a,lJ.amaUIiH COCTOHT B cy}l{eHHH ,lJ.OBepH
TepBaJIbHbIMii iMO,lJ.eJI5!'Mii. K ero OCBellJ;eHIiIO H nepeH,lJ.eM. • TeJIbHOH MO,lJ.eJIH B npoueoce rroCTynJIeHH5I Ha6JIIO,lJ.eHHH Y" ... , Yn· 

nYCTb IiMee'DC5I 3a,lJ.aIOmIiI1 rrapaMeTp e=Mq (z) (rrOKa 'B'Cef'O~HH) oo06eHHOCTb B TOM, liTO «06yll'eHHe» rrpOH3Bo,a,HT'C5I rro TeM }l{e Ha6

H ftz(8) eCTb ero paC'rrJIbIBlIaTa51 OU,eHKa Ha,lJ.e}l{HOCTii p=l-u([t). 
ClIIiTaeM oueH'Ky flz (8) YHwMO,lJ.aJIbHOH KOHTpaCTHoH <PYHKUIieH rra

palMeTpa 8 (T. e. ,lJ.OCTHraIOmeH 0 'H I). npH Ka)K,lJ.OM lIIiCJIe O~y~I, 

Ha3bIBa'eMoH BbICOTOH ropH30HTaJIbHOrO cpe3a, HepaBeHcTBo [tz (8) ~ 

~y BbI,lJ.eJI5IeT HHTepBaJIbHYIO OUeHKY (CJIOH) :[~V, BV] 3a,lJ.aIOmerO 

narpaMeTpa 8, T3K liTO rrpH HerrpepbIBHOH rro 8 <PYHKUIiIi [tz (8) HMeeM 

[tz (~V) =[tz (8V) =y. Ka)l(,lJ.bIH cpe3 :[~V, 8V] 'B CBOIO Ollepe,lJ.b orrpe,lJ.e

JI5IeT CBOIO HHTepBaJIbHYIO MO,lJ.eJIb ..#t(~) =<8:, 8V), pacrroJIaraIOmyIO

C5I Ha BblCOTe y, npHlieM ..#t(v') c.${(V),rrpii y/~y, a Bce BMe'CTe OHH, 

nOJIO}l{eHHble ,lJ.pyr Ha Apyra B COOTBe1'CTBIiHC BbICOTaMH, ,lJ.a,lJ.yT pa3

MbITVIO Mo:rr.eJIb. 

r1poCTpaHcTBo 2:, TaK IiJIIi I,m a lie CB5I3a'HO C rrp0113Be,rJ.eHHeM ge X U1J, 
n03ToMY 'rro ..#t(Y) onpe,lJ.eJI5IeTC5I CI1M .J!(r~) Ha 3TOM npOH3 Be,lJ.eHiiIi, Ii 

,lJ.JI5I l<a)K,lJ.OH H3 HHX HaXO,lJ.IiTC5ICBOe OnTIiMaJIbHOe npaBHJIO ay(V) (x), 
3aBH'C5Imee 01' BbICOTbl cpe3a y Mo,a,eJIH (CBoero pO:J.a npHBHJIerHii K 

HeH), rrrpHlIeM 'lieM 60JIbWe y, TeM (rrpH x~ 1) 60JIee Y3KOH 6Y,lJ.eT

.JfItr:) Ii MeHee paCnJIbllB4aTblM - fIIpaBHJIa ay(Y) (x), T. e. ay(V') (x) ~ 
~ay(V) (x) rrpli 'Y/~y. Tenepb OnTHMaJIbHblM npaBHJIOM a'y (x) npl1 

pa3MbITOHIMO,lJ.eJIIi .;ft(~), nOCTpoeHHoH no paCrrJIbIB4aTOH oueHKe [tz (8), 
6y,lJ.eT 

1 
a; (x) = S a~Y) (x) d y. (8.10) 

o 
n05lC'HHM ero, C4HTa51 a oueHl<OH ,rrapaMeTpa XEflt, ECJIH a/V) (x) 

eCTb n'pli u<a}l{,lJ.O'M l' IiHTepBaJIhHbie 'OueHKl1 x, TO TaK KaK OHH BKJIa

,lJ.bIBaIOTC5I ,il.pyr B J],pyra, 6Y,lJ.eTHMeTb MeCTO paBeHCTBO {a* y(x) ~'V} = 
= ay(V) (x), r,lJ.e CJIeBaCTOHT 'HH,lJ.IiKaTOpHa51 <PYHKUl15I MHO}l{eCTBa. 

TaKHM 06pa30M, 'HHTepBaJIbHble oueHKH ,lJ.JI5I MO,lJ.eJIeH .;ft(~), paOCM3T

pIiBaeMble KaK nOJIO)l(eHHble ,lJ.pyr Ha ,lJ.pyra CJlOIi Ha BbICOTax cpe30B 

O~,\)~ 1, <pOpMHpyIOT BMeCTe paCnJIblB4aToe npaBHJIO a"y(x). 91'0 

Ii eCTb ,HarJI5I,lJ.Ha51 H'HTepnpeTaUH5I (8.10). 
I1CTH'HHbIH ypoBeHb HJIH 01llH61<a npaBH,rIa (8.10) pacclIIiTbIBaeTC5I 

no <popMyJIe (8.8), r,lJ.e I-p eCTb ypoBeHb (Bep05lTHOCTb oWH6KIi) 

oueHKH [tz (8), a CJIe,lJ.OBaTeJIbHO, p - Ha,lJ.e)!<HOCTb ,lJ.OBepHTeJIbHOH 

MO,lJ.eJIH. 

MbI paccMOTpeJ1H O,lJ.IiH napaMeTp 8=Mq, 3a,rJ.aIOmIiH MO,lJ.eJIb. 

OlleBH,lJ.'HO, Bce CKa3aHHoe 6y,lJ.eT BepHO H ,lJ.JI5I npOH3BOJIbHOrO HX 

lIHCJIa, KorJ,a C ueJIbIO nOCTpOeHH5I ,lJ.OBepHTeJIbHOH MO,lJ.eJIIi 'HaXO,lJ.HTC5I 

COBMeCTHa51 paCnJIbIB4aTa5I OueH!<a [tz (8) «Bel<TOpa» l:J =MQ= 
= {Mq, qEQ} H 3Ta oueHI<a, B 06meM, He 51BJI5IeTC5I HHTepBaJIbHOH, 

a l1MeeT paCnJIbIBliaTbIHJ3Ii,lJ.. 

JIl0,a,eH H5IM , rro KOTOpblM rrpIiHHMaIOTC5I peWeHH5I OTHOCHTeJIbHO co

CT05lHH'H (oueHI1BaHHe, 'ilipOBepKa rIirrOTe3); 31'0 rrepBoe. A 'EO-BTOpbIX, 

yTollHeHIi,e Mo,a,eJIH ocymeCTBJI5IeTC5IHOCJIe,lJ.OBaTeJIbHO rro n. 
)lJI5I o'rrIi'Ca'HIi51 cxeMbI a,lJ.arrTau.IiIi .paccMoTpIiM O,lJ.IiH \CJIYllaH,Kor

,a,a Tpe6yeTC5I oueiHHTb rra,paMeTp ,C,lJ.BIira IHe3aBHcHMoH BbI60PKII npli 

HeH3'BecTHoH ,lJ.HCrrepcHH<pJIyKTyaUHH. A,lJ.amaUIi51 COCTOHT B oueHII

BaHIiH ,lJ.HCnepCHH H nOI,lJ.CTaHOBKe B oueHKy rrapaMeTpa c,a,BIIra. 

nYCTb Yi=X+Si, i= I, 2, ...,Ii rrycTb Tpe6yeTc5I Oll!eHHTb x, KOr,lJ.a 

~i He3aBHCHMbI, l1MeIOT HyJIeBble cpe,a,Hlle MSi=O, orpaHIilleHHble ,lJ.HC

nepcHH m2=Ms2i <oo l1 4eTBepTbIe ,MOMeHTbl MS'i=m4 m22 (rrOJIe3HO 

npe,a,cTaBHTb Si= V m21;,i, M1;,i=O, M1;,2i = I, M~/'i=m4)' npli 3a· 

,a,aHHOM m2 H x= 1 orrTHMaJlbHoHpaclleTHoro ypOBH5I Upac 6y,a,eT oueH

I<a (6.18): 

ay (x) = [I - ai,ac n (y - x)2jm2 j+· 

Ha caMOM )I(e ,lJ.eJIe, m2 He H3BeCTHO II Hy)lmO rrO,lJ.CTaBJI5ITb B 3TY 

<popMyJIy 3aBe,lJ.OMO 3aBbIweHHoe 3HalleHHe m2, liTO Be,lJ.eT K lIpe3Mep

HOMy YBeJIHlIeHHIO paCrrJIbIBqaTOCTH oueHKH. 3,lJ.eCb m2 II 6y,a,eT 3a

,a,alomHM MO,lJ.eJIb napaMeTpoM, ,rrpHlieM CQIiTaeTC5I OH 'cTaUHOHap'HbIM. 

A,lJ.arrTaIJ,H5I 'COCTOIiT B oueHHBarHl1H ,il.HCnepOlii m2 rro Ha6JIIO,lJ.eHH5IM 

H ee HCnOJIb30BaHHH J],JI5I oueHKH repe,lJ.Hero. 
OueHKa ,lJ.HCnepOIH ,lJ.OJI}I{,Ha 6bITb ,rJ.OIBepHTeJIbHOH, TaK IKaK no HeH 

CTpOIi1'C5I CHM, H ,rrpH 3T'OM He ,,lJ.OJI)I<Ha 3a'BHCeTb 01' x. HCrrOJIb3yeM 

,a,JI5I Hee ,CTaTHcTHKy a2y= yZ_yZ, HHBapHaHTHylo K C.II:BHra'M x. BH,a, 

oueHKIi npH ypoBHe I-p ee 3HallIiMOCTH 6y,lJ.eT orrpe,a,eJI5ITbC5I <pop

MyJIOH (6.27) (rrpH x=m2, l= I, aZ=M1;,2;= I, x= I) 

[ty (m
2

) = [I-(I-p) n (l-a;/m2)2/c j+, 
IIpIIHHMaeT MaKr,lJ.e c~ (m4-1). OueHI<a [ty (m2) KaK <PYHKUH5I m2 

2 rro Mepe OTKJIO-CIiMaJIbHOe 3HalIeHHe 1 rrp Ii rn2 = a y, OHa y6bIBaeT 
l 

HeHH5I m2 OT 31'01'0 3lIalieHIi5l, a rrpH m~ ~ a- 2y [ 1  V(l~p)n r
HJIH m > a"2y (1+ V C ]-1 oueHKa paB'Ha O. 9Ta oueHKa II 

2 (l-p)n 

orrp,e,lJ.eJI5IeT paC:ITJIbIBliaTYIO ,lJ.OBepHTeJIbHyIO Mo,a,eJIb (np'HLleM OTHIO,lJ.b 

He HHTepBaJIbHylO). 
)lJI5I rrOJIYlleHH5I 'OueHKIi x rro paCnJIbIB4aTOH MO,lJ.eJIH HlCrrOJIb3yeM 

MeTO,lJ.HKy rrpe,lJ.bI,lJ.ymero pa3,lJ.eJIa. COrJIaCHO eH 'H3 HepaBeHCTBa 

f!y (m2) ~'V HaXO,lJ.51T'C5I Ii-HTerpBaJIbI '!!V2, fiiY2, 'COOTBeTcTByIOmHe pa3

JIHlIHbIM BbICOTaM 'V ,cpe30B. Ha,c HHTepecyeT JIHWb BepXII5I5I rpaHH

ua fiiV2, TaK KaK oueHKa ay (x) onpe,lJ.eJI5IeTC5I TO.lIbKO eIO. HMee'M 
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t1lI'2=7a2
y [1 +Vc(l-1')j(1-p)n]--1 IH no epopMyJIe (8.10) rrOJIy4aeM 

a; (x) = f [l-apac n(1- V~/~~)l'~) (X~/)2]+ dv. (8.11) 

3Ta oueHKa 3KiBHBapHaHTHa IK IC)I,IBHry: 0Y+la(x+a)=ay (x), H HHBa.. 

pH3HTHa MaCWTa6~HbIM H3MeHeHH5IllVI: Oby (x) =Oy (x), b>O. 1
P aC4eTHbIH ypOBe:Hb apac HHa,neLKHOCTb p, KaK 3TO IlOKa3aHO B 

\{ 

,Hay:aJIe rraparpaepa, iCB5I3aHbI ICOOTHOWeHHeYI p (I-apac) = I-a, r)I.e a
'HiCTHHHbII1 (Tpe6yeMbIH) ypoBeHb rrpaBHJIa. Bblpa3HB I-p =, (a-apac) /
I (l-apac) H Ilo,nCTaBHB B (8.11), IMOLKHO 6bIJIO 6bI HaHTH OIlTHMaJIb

Hoe3Hay:eHHe apac, MHHHMH3HpyIOllI,ee paCIlJIbIB4aTocTb loueUKH (S.II). 
4T06bI 060HT'H 'T,eXHH4eCKHe rpoMo3,nKOCTH, 'HaH,neM 3iHay:eHHe apac, 

MHHHMH3HpYIOIll,ee paCIlJIbIBy:aTo,cTb \npH 3a,naHHOM 1'. ,UJI5I 3Toro IHyM

HO MHHHMH3HpoBaTb no apac K03epep HUHeHT 

cx,pa c n [1 - Vc (1 - 1') (1 - cx, lJa c) / n (a - a pa c) . 

,UHepepepeHUH py5I ero no apac Ii !IlipHpaIBHHBa5I 0, npHXOIJ1.'HrM 'K ypaB

HeHHIO: 2 V (l-upac) (a-apac)3-1( c(l-v)/n[2(I~apac)(a-Upac) + 
+'apac (I-a)] = O. HaM Hy)l{HO BbIHBHTb Kay:ecTBeHHyID CTOpOHy, no

3TOMy npH6JIH:lKeHHO nOJIara5I l-u~ 1, oTKYJLa I-apac~ I-a~ 1, II 

C4HTaH n ,nOCT3TOY:UO 60JIbWHM, TaK 4TO c( 1-1') /n MaJIO, nOJIyy:aeM 

a pac ~ a- ~/c (l-v)a2 j4n, p = 1-VC (I-V) a 2 j4n.
 

MhI BH,l1)1M, 4TO npu YBeAUtteHuu n paCtteTHblU ypoBeHb Upac
 
3 

yCTpeAtAfleTCfl K UCTUHHOMy CO CKOpOCTblO 1/1/n, a onTUMaAbHO 8bl6

paHHoe p C Toll JlCe CKOpOCTblO cTpeMuTcfl K 1, TaK 4TO cyMMapHa5I 

oIllH6Ka apac + (I-p ) = a eCTb HCTHHHbI~I ypoBeHb. 

,UJI5I nOJIyq.eHH5I !{OHKpeTHbIx pacy:eTHblx3Ha4eHHI1 Upac Ii IP BMec

TO HeH3BeCTlHoro l' Hy}KHO no,nCT3BHTbcpe,nHee MeLK,Uy 0 H 1 y:aCJIO, 

HanpHMepV= 1/2, H nOJIO:tKHTb c~m4-1. 3,lI,eCb Fii4, eCJIH OHO He H3

'BeCTHO, T3KLKe MOLKeT oueHHBaThC5I no Ha6JIIO,lI,eHHHM HJIH HaXOi,lJ,HThC5I 

H3 ,lJ,pyrHx coo6p aLKeHHH. 

8.4. 3AKJlIOlJEHHE 

!<aKyIO )Ke BbIro,n:y Bce :IKe CYJIIIT HCIlOJIb3'OBaHlle HHTepBaJIhHbIX Mo,n:eJIet1? 

B KatIeCTBeHHOM OTHOIlleHllll OHH npollrphIB3IOT TOtIHhIM (pacnpe,n:eJI,eHIIHM BepoHT

HocTerI), H 3TO K3JK 6y,n:TO 6hI CTaBillT Ha HIIX KpecT. 

Ope,n:cTaBhTe Ha MHr, tITO Ha6JIIO,n:aeTC5I ,lI,OceJIe HeBll,lI,aHHbIH 06'heKT H Tpe6yeTcH 

OITHCaTb ero epOPMY. ITpHtIeM 06beKT nJIOXO pa3JIHtIHM (Haxo,n:HTC5I B TyMaHe HJIIi 

):(aJIeKO OT Hac). 5!CHO, tITO npnneTC5I orOBapHBaTh yCJIOBHOCTh c,neJIaHHoro onHcaHHH 

BCTaBKaMll Tllna «Bpo,ne 6hI», «Ka)KeTC5I», JIH60 y)l,OBJIeTBOpHThC5I rpy6bIM 06pa30M, 

yHHB Bo06pa)KeHHe no OTHOIlleHHIO K TOMy, tITO He ipa3JUltIUMO (HayKa -- He <paH
TaCTlI'Ka) . 

To :lKeCaMoe H ,lI,JI5I MOJJ.eJIeH, KOTophle BH,n5lTCH B 60JIhIIIHHCTBe peaJIhHbIX 

aa,n:aq BeChMa CMyTHO H3-3a KOHetIHOCTH BpeMeHH H BbI,lI,eJIeHHhIX cpe,ncTB Ha H3Y

qeHHe 5IBJleHH5I, HaKQHeu, CMeHHOClIll, neycTOHtIHBOCTH caMHX peaJIhHhIX 5IBJIeHHH. 

npeKpaCHO OC03HaBaH, tITO olllu6otIHOCTb Mo,n:eJIH TyT :IKe 

,n3JIhHeHlllYIO 3KCnJIyaTaUHIO, nocTapaeMcH ,OCTOpO:IKHee, T. 

onlicaTh rpaHH Mo,n:eJIH, oTo6paB npli 3TOM JIHlllb Ha.H6oJIee 

11 npHXO,lI,lIM K «lJnCTOKpoBHbIM» HHTepBaJIhHbIM Mo,n:eJIHM 

33,n:aHHH Ha6opoM nepBHtIHWX cpe,lI,HHx. 

ITocrpoeHue MO,n:CJIH B peaJIhHhIX YCJIOBH5IX - cepep3 

c,n:eJI3eT HHKqeMHOH ee 

e. B P33MhITOH <popMe 

«BH,n:HMyIO» HX tI3CTb. 

B lIX KOHcTpyKTHBHOM 

MHorocTopoHHHX (no,n: .. 

qac, MHorocTpa,naJIhHhIx) lICCJIe,lI,OB3HHH: <pH3HlJeCKHX, 3KcnepHMeHTaJIbHhIX CTaTH" 

CllHtIeCKHX. Hac HHTepecyloT epopMaJIhHhIe cnoco6hI, Kor,n:a npH nOJIHOH HatIaJIhHoit 

HeHCHOCTH B pacnop5DKeHHe npe,nocTaBJI5IIOTC5I o6ylJaIOIUHe peaJIH3aUHH. Tor,n:a 

nocTpoeHHe Mo;:r,eJIH CYTh COBMeCTHoe OQeHHBaHHe oTo6paHHoH tIaCTH napaMeTpoB, 

3a,n:aIOll.I,HX MOJ,eJIh (§ 8.1). TOlJetIHhle oueUKH Be,n:yT K TOtIHhlM Mo,n:eJIHM. A ,lJ,0" 

BepIITeJIbHbIe oueHKH epOPMllpYIOT ,lI.OBepIITeJIhHYIO MO,lI.eJIh 3a,naHHorI Ha,ne.lKHOCTIL 

Borrpoe CBe1I,eTC5I K BbIOOPY 3a,naIOIUIIX MO,lI,eJIh napaMeTpoB. I1MH MoryT 6bITh 

BepoHTHoCTH, COBMeCTHoe OQeHlIBaHHe IKOTOPbIX paccM3TpHBaeTcH B § 8.2. 
,llpyroH rrYTh BhI60pa MO,lI,eJIlI, CBoHcTBeHHhIH KJIaCClitIeCKoMY no,n:xo,lI,Y, co

eTOIIT B rrpoBepKe corJIaC1I5I, tITO Mo,neJIh IIMeeT BbI,lI,BlIHYThIH KOHKpeTHhIH BlI)!. 

(HarrpHMep, HOpMaJIhHaH). 3TOT nYTh, 06513aHHhIH BO MHorOM Kpai1HeH Y30CTli 

pa60tIero apCeHaJIa TOtIHhIX MO,lI,eJIeH, aaCTaBJI5IeT c caMoro HatIaJIa «,lI,OBOJIbCTBO

BaTbCH» 3apaHee BbI6paHHhIM rHilOTeTHtIeCKIIM B Mepy npOCThIM BapHaHTOM. IlplI 

H5ITHe rrOCJIe,nHcro, eCJIli corJIaClle IIMeeT MeCTo, TeM He MeHee He npHBe,n:eT K 

CJKOJIb-JIH60 Hane.lKHOrr MO,lI,eJIll, a Bcero JIHIllb yCTaHoBHT BXO.lKeCTh rlirrOTeTlitIe

eKoro BapuaHTa B HaIllY JI.OBepHTeJIbHyIO I1M-Mo,lI,eJIh B KalJeCTBe COCTaBHOH tIa

CTll. B KOHetIHOM :IKe ,ClJeTe 3TO 6Y,lI,eT «BhIXBaThIBaHue» H3 ,lI,OBepHTeJIbHOH MO,lI,e

JIH ee 3apaHee CepOpMHpOBaHHoro iKYCOlJKa ~ n0,lI,Xo,n:, CBOHCTBeHHbIH pelKHMy 

onTHMII3Ma. 

MbI .lKe nOCTynaeM 3Ha lJHTeJIhHO OCTopOlKHee, HcnOJIh3yH ,lI,OBepHTeJIhHylO MO

,n:eJIh BCIO ueJUIKOM (He06'h5lTHhIH apCeHaJI 11M n03BOJI5IeT npoH3BecTH JII060H BbI

Gop), perYJIHpy51 IIIHPIIHY C nOMoIUhIO Ha,lI,e.lKHOCTH. 4eM GOJIhllle rrOJIO.lKIITh Ha,n:elK

HOCTb, TeM IIIHpe ,lI,OBeplITeJIbHa5I MO,lI,eJIb, 0'1 lJero nocTpa,lI,aeT KOHKpeTHOCTb H Ka

qeCTBO BbIBOnOB npH 3KcnJIyaTaUHH MO,l:leJIH. HaoGopoT, MeHhIlla5I Ha,lI,e.lKHOCTh, 

Ka3aJIOCh 6bI, BbIBO,UhI C,lI,eJIaeT GOJIee KOHKpeTHhIMH H KalJeCTBeHHbIMH, HO ,l:lOBepHe 

K HIIM YMeHbIIIHT H3-3a yTpaTbI BepHocTH MO,l:leJIH. BbIXO,l:l H3 3Toro 3aKOJI,lI,OBau.. 

Iioro Kpyra (OCTOHT B COBMeCTHOM paccMoTpeHHH TaH)J,eMa MO)J,eJIb-BbIBO)J,hI (§ 8.3), 
6epH B paCqeT 06a TIHla OIllHGOK: 3a CtIeT HeHa,l:le.lKHOCTH Mo,n:eJIH H rrpli 3KcrrJIy3

TaUHll 113-3a CJIylJaHHOCTH HaGJIIO,lI,eHHH. COBMecTHoe paccMoTpeHHe 33CT3BJI5IeT BBO

,lJ.HTh nonpaBKH B paCtIeTHhle OIllH6KH 3KcnJIyaTaUHH, yBeJIHtIHB351 11X co06pa3Ho 

HeHa,lI,e.lKHOCTH MO)J,eJIH, lJTO BeneT K HCTHHHhIM OIllH6KaM, 3 npH 60JIee IllIIpOKOM 

H3JIO)KeHHH - K HCTHiHHO:\1Y p'HOI'CY. 3TO 'KaK pa3 H eCTb TO, tITO 06beKTHBHO Hy.lKHO 

JJ.JI5I ueJIeH aHaJIll3a H CHHTe3a peIllaIOIUHX npaBHJI. 

TpY,lI,HOCTll B TOM, lJTO ,lI,OBepHTeJIbHhIe MO,l:leJIH no HaCJIe,lI,CTBY OT nOp0,lI,IlBIllIIX
 

HX ,lI,OBepIITeJIbHbIX oueHOK, B oGIUeM, paCIIJIhIBlJaThIX, HeHH,lI,HKaTopHbIX, CTaHOB5ITCH
 

pa3MbITbIMH no epopMe Cpe,lI,HHX, T. e. C pa3Ma3aHHbIMH HTepBaJI3MH cpenHIIX.
 

-Onpe,lI,eJIeHlIe nOHHTHH OnTHMaJIbHorO npaBHJIa npH pa3MhIThIX CTa THCTlltIeCKIIX MO


.ueJIHX n03BOJIHJIO B § 8.4 paccMoTpeTh COBMecTHyIO KapTHHy CHHTe3a MO,lI,eJIH no
 

ee e,lI,JIHCTBeHHoMY 33,nalOIUeMy napaMeTpy - ,l:lHcnepcHll, C rrOCJIenYIOIUIIM HaXOlK


JI.eHHeM OnTHMaJIbHOH oueHKH napaMeTpa C,lJ,BHra. Bce BMeCTe 3TO BbIrJI5I,lI,HT KaK
 

.u.oBepHTeJIhHOe oueHHBaHHe ,UHcnepcIIH (ypoBeHh ,n:oBepH5I KOTOpoii 11 CTaHeT H3


.u.e)KHOCThIO Mo,neJIH) C nOCJIe,UYIOIUIIM llCnOJIh30BaHlleM ee npn ,l:lOBepHTeJIbHOM oue


HHBaHHH C,lI,BHra npH CBoeM Y.lKe )J,oBepH11 (paCtIeTHOI1 oIllHORe). ITpHtIeM B,:e npo
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