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BB8118I!Jfe 

MnorHe IIJl0 6JIeMIl , B08HHRaJOlJ(ll8 rrpH aBT OMaTlf'IecKoi1 oop a eJ oTK8 ,n;ali
llHX TperwBlIX KaMe p B Q;l113HKe BhlCOKl1X oHep r Kil , UpJIH8,l(JIeRaT I, l\l)yry p er

p eCCHomlHX 3a,n;a1:t r:.aTeMaTH'IeCKoi t CTa TI1CTHKl1 • .B l(aqeCTBe flKTY aJIh lloro 

ITpmAepa MOJ!tHO n p llBeCT}{ 3 8,l(a qy Bh!,I(eJIeIDLH ( rpHJIhTparum) TO'leK , OTHOCR

IIlHXCH R 113Y'laer,wMY i!m 311'1eCKOMy- C06blTIDO, c pe.IUI lillHOJi(eCTBa Bcex TOlleR, 

UOCTYllllillillDC B Ua/'.'l!iTh 313M rrpr1 aBT OMa TK4e c Kofi oIl)'!lI'poBl(8 >1 306paJltel IWl 

SToro COClhlTIDJ: B TpeKOBoil l{ aMspe. C06b1Tl1R coeTOHT 113 TpeKOB - CJIe.n;OI3 

'Ia CTJIU, BUXO;rr,HIllffX 113 BeplllHHbl - TO'lr,,! B3mlMo.n;e ~CTBlm. OUHQPOBUH1-illl1 

Tp eK - 3TO .IUICKpeTHar nOCJIe,I(OB2.TeJIhHOCTh TO'leK I' i' i= G , CBH3 21I

BHX OJIn30CThIO K rJI8,l(Koti KPI1BO~ - n pOeRWH! TpaeICTopml '1a CTl1 U,b1 B Wll'

HHTIIOM nO.lIe. B OCHOBe aJIrOpl1Tl,lOB ~nJIhTPD.Ulm TpeKOBllX ,I(aJ-n{!1X JIeJ!GIT 

MO,I(eJIh, ITpe,!l.IlOJIaI'aIOlUaq HOp MaJIhHOe pacnpe,I(eJIeHl1e N 10 , () 21 ,I(JlfI (\ 

- OTIVIOlIeill1R. TOtUm Pi OT 3TOii. KPHBoll , 'ITO n03BOJI;leT y c nSIi.il-iO n p JolM8

HHTY, ,I(JlfI 01l}le,I(9JIe mm nspaMeTJ)OB TpeROB XOPOillO pCl3p a OOT31nlH11 31mo.

po:r M9To.n;a lIaJUA8HhlillLX KB,;lij)aTOB (:.1JlK ) , T, e. r.1H HHMJ1 3HPOB8Th IIJYHKUHo-
Han, CO~TaBJle}{ffilli ~! 3 KBNlpaTOB YKa3aHHblX OTKJIOHeH} IH : 1.7 z> 2 • 

I 

O,llllaKO B 0 3M OJ'CllU8 nporryCKIf oun ipoBol< , 1l0RBJIOHlle J}a3Jl}!'1HOr O pO,I(a 

wyMOBIlX OTC'IeTOB n, o c oeJeHHo, cMeurnB2.l-I.H8 OTC'leTOB OT OJl}!3KO 11.llY1IWX 

II nepe c eKaxmm:xc,q TpeKOB, 'ITO XapaRT epHC .n..rlJl co6HTUI; llJ)H COBpeMeHlillX 

Due OI{J1X 3H oprnilX rry'lIWB, - Bce 8TO rrpJ.fBOJIHT K 3 ac opelrn.lO m l.OOpKIf. T. e, 

3Ha1ffiMl:lM HapymeIll1HM npe.lUlOJIo.;~;emm 0 ee O,I(HOPO,llHOCTI1 11 HOll\!a JIhHOCTIL 

i<31< 1l3BeCTH O ( eM., Harrp .! I / ), B T a1<KX c .ny 'l'W1X ,,1IJ.J{- OU;8HKI1 TepITJOT 

CBOIl OnTHW1JIhHh! e CBotlcTBa• .D 3 .::::.~eH npe)J,JlaraIOTCiI TaR Ha3l:1Bae~.lIle p o

OaCTHh!e MeTO,Ul:I oueHllil 1:2 ,lUI , COCTO)lIUnO !J f.1J1}Ij{;.ru3~}ili !jJYJllil.I,llOHa-

JIa r'r ' '2) (r i I t: ) «y. - Ol l eJU{3 0' ) c <1.yHKuneH n OT ep h r , po.cTYIlleti 

Me,I(.JleHHee , Qer.1 RBD.ILpaTll'IlIM. 

TIo onpe.n;eJIeHIDO 11. XhJ06epa , BHec wero H3J160JIhurni·\ BKJI8,l( R Teoploo 

TaKHX oueHOR, p o6acTHocTh 03HaQae T HeqyBcTBI1TeJIhHOCTh CTa TI1CTK'leC

KOn rrpouellYPhl K MaJillM OTKJIOHeHl1RM OT upe,I(lloJIOlKetmll IIpHHHTOJi MO,I(9JIn 

11, 60Jlee Tor o, uOJIhlIllie 113 }{J1X He ,I(OJDKHhl npHBO,lJ,HTh K KaTaCTPo:I>H'IeCKIDJI 
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nOCJ'l e,!(CTBIDIM ( cM/2/ , CTp . 13, 14). Wm3KHM, HO He 3RBHBaJIeHTHllM 

, HBnHeTCH nOHHTHS yCTO~~OCTH o~eHKH ( TaM XS, CTp . 16), KOTOPaR 

03H8'Ia 8T HS"IYBCTBI1TElJIbHOCTb K MaJIDM Jll:3MSa8mmM B OCHOBliOtI. BHCiop Re 

( i1MSIOTCil B BI1;!I;y MaJl..CIe U3M9HSIDlR Bcex wrn CiOJIDlIM8 ,13MaHSill'fJl H9Cl,QJTh

IGIX 3Ha'1emtll ). lIpe.n;.l!oJitsHHaR II . Xb106epoM ~ BKJIa,na 

u 2/ 2 ,1 1J / ~ c. 
F (ul = 2{ cl u /-e l2 ,I u l>c ( n 

( c - napaMeTp, 38BH~ OT CTeneHn 3aC Op9RRfl) od eCnS'IllBaST e~
CTB9HliUA NUU~~OHana LF ' COCrORTanbHOCTb 0USHRH H ee onTH

MaJIDHOCTh B ~I11IIHMaRCHOM CMHCJl6 ( CM /;,;/) . O,JJ;HaKO, RaJ{ ,0Ka3A Teo

peTI1'WCKI1e If IIpaRTll'fSClUl:e HCCJle,nOBanID! ( CM., HaIIpl'lMSP, 14, 4 ), 

H90rpaHH'I8HHaR qJyHKIJ;IDi BKJla,n:a TmIa ( I) HS MOXa'l' 06scns'lllTh YCTOiftm

BOCTb oueHOK llJll'l Ha.JIJf<rn}1 60JIDlIJID{ HJIH a CHMM8TpH'lllliX sacopellluL B 

Taroot CJJY'IaH..'oC HCn OJID3YIDT Orp8.ID!'f8m rn8 i))yHKu;HK BKJIa,na, KpaTlUl:tt 06sop 

ROTOPJ:D( .n;aH B CJl8.I\Y1OIIl8M pa3.n;8JI8. ;\: COlla.n:SI Il!!JD , HeR36eJillIHM CJIS.n;CTmI8M 

OTKas a OT BJmYK!IOCTIi! F RBMaCb nOTep.'l e,romCTB em{OCTll p eweIDIR Hs-sa 

B03HHKHOBeHlffi .n;onOJlliHTeJIDJillX JlOKaJID1:llDC MHHHMYMOB (lJ.ylnU(I'IOHana L . 

13 pa6 0Te 141 6HJIO c.n;eJlaHO np8,n;JIOlKSHl'IS 0 nOBilllJ8HUll poda cTHoc TliI: O~9HOK 
C HeBHnyKJIOH 'W HKIUlSH BKJla.n;a C nOMOmnlO ClISWlaJIDHOrO m r..n;a lliKa.JIIi!POB8

IlliR OTKJlOHeHllR ( CTbKl.n;SHTH3anRJ'I ) . 

HaCTOlllUaR padoTa nocBmIls, a Ka'IeCTBsHHOI.oy U KOJIH't{SCTBSHHOMY 

HCCJle.n;OBaHHKl np8.n;JI~eHHOrO B 4/ MSTo.n;a rrYTsM 'IHCJleHHOrO aHa.JIIi!sa 

Ha Mo.n;eJIDHHX 3KnepI1MeHTax, oXBaTlffiaJOll(lU:: pa3J1l1l'lllliS clIoco61I 3aCOpSllJilff. 

I. P06 acJHlIe MeToM perpeCC}IOHHOrO aHa.7lR3a. ilepeH.neM K CTpOrIDJ! 

:JlOp!~JIHpOBKa;,j , HClI0JID3YR TepMHHOJlOrmo paooo;4 , III. PaCCMOTpHM per

pec cMoHHyJO 3aBl1CllMOCTh y= Lx j b j +e , r .n;e x j - WaRTOPU, onp e,lJ;eJIReMlIe 

MeCTON!, B KOTOPOM rrpOH3BO,nHTCR Ji!3MepeflID1 ; y - OTK.JIllK (pe3YJlDTaT 

M3MepelrnR); e - CTauHOHapHaR C.nytta1l1laR onmdKa; - H8H3BeCTJilleb j 
perpeCCHOHHlIe Ilapm.ISTpH, j =~ • Bbld opRa HadJlKl.n;eHIDi OTK.7lHEa lIpl1 n 

pa3~~ 3Ha't{sHHRX WaKTOPOB 3arrHCHBae7 CR B MaT~OM BH.n;S KaK 

Y ~ XB + E (2) 

r.n;e x= (X ) , J=~ , i=~ - perpec cHOHHaff MaTpnua 3Ha'IeHHff WaKTDij
pOB. 

.naJIee 6y.neT paCCMaTpHBaT:hCR od odmeHHllfi,HJIH B3Beille~,MeTO.n; 

HaHMeH:hIDI1X KBa.npaTOB (MHK ) /11 / , cor~aCHO KOTOPOMY OueRRa BeKTopa 

napaMeTpOB B 3auHClIBaaTCR B BH.n;e 

B= (XTWX )-1 xTwy (3) 
3.n;ecl> h' - .n;HarOHaJIDHaR MaTpHUa n x n, Ha .lJ.HarOHa.7lR KOTOpoil: pac

nOJIOlKeHlI Beca w , >-- 0 , IlpIDmClIBaeMlIe IlOJIY'IeHmlM 3Ha'laHHIIM OTKJmRa , 
1 " A 

i=~ OueHRa BeKTopa OTKJII1Ra onpe.n;eJIiieTCJl RaJ{ ¥=XB , a oueRKa B8K

Topa OUllidoK (TaJ{ Ha3lIBaeMl:rll. BeKTOp OCTaTKOB) KaJ{ 


2 

E Y- Y=XB+E- XB= rT - I-M l!: (4) 
r.ne 'Iepe3 H Od03Ra'I9Ha CJlll\IMe T}lH'18CKaR n . n-MaTpHUa 

I-! = X (XTWX) - l X T . ( 5 

B c~ae PaBTOTO'lHlIX Had~.neHHM , Kor.n;a COVE=G2I, H3 (4 )- (5) n0JIY'1a8M 

COy E = G"2 (I - !n"/- WH + IIW 2 H) • (6 ) 

ilyCT:h xk =col ( xk~ . . . . , x k rn ) - BeRT op 3Ha'leHllH CPaJ{TOPOB B k -M HadJ.OO

.n;emm OTKJIlIlKa. T or .n;a k -tt OCTaT OK 'C
k 

MOlKHO Bupa3MTb KaJ{ 

ek=ek-x~ ( xTWX)-1XWE (7) 
JIerKo npoBepHTD. 'lTO MCk=0 , a ,IU1cnepclffi Di\ RBnHeTCR k - M ,n;>;arOHaJIb-

HHM 3JleMeHTOM MaTp~ (6 ) , T. e . Dek =u2d2 ,r.n;e 

d k = (1- 2W X;' ( XTWX ) - lxk ~X; ( X'!'WX ) - 1 ( X~\,,2X ) (XTWX ) -1 ) 1/2 ( 8 ) k Xk 
KaR OTMe'leHO BO BBe.n;sHHH, ; .lI-n(-o~eHKl1 TepmoT CBOIi! OlITHMa.JIDHhle 

cBottc TBa npH HapymeHHH n~e.n;nOJlOZS~ 0 HOPMa.JIDHOCTH pacnpe.n;e~eHHR 
oIIIH6 oK e i ' 3TO CM3aHO C T el~, "ITO KBa.n;paTH't:fHaR ~ BKJlMa !PyHK

D;HOHana L IlpH.n;aeT CJIIDlJKOM 6oJIDwol! Bec HaOJlKl.n;8HIDIM C .n;anellliMl! OTRJlo

EeHli!JIMl!l e, , BCJIe.n;CTBHe 'lero n pH TlllitSJlHX "XBOCTax" p acrrp e.neJl8H.1Ul I.! i,.. ~ 
OueRRa B CTaHOlillTCR HeYCToittn!:Boii. B Ka"IeCTBe npro~epa p acnpe.neJIeliM 

C TRXeJIHMR "XBOCTar.m" .lIm. ThKllUl: BBe~ Mo.neJID t -sacopeHHoro HOpMa.JIDHOro 

pacnpe.n;eJleHIDI C rrapaMeTpOM 3acopemm £ (0 ~ E ,; 1 ) : 

f (x)-( 1- E ) N (x ) + f r ( x) (9) 
") 

r.ne N ( x 1- HOPMaJIbHOS N (0 . (T- ) , a c (x ) - rrpOl'I3BOJIDHOe 3acoJllUJllSS 

pacIIpe.n;e,1eHlle. 

MHHID.m3~ rJ.7yHKQlIoHaJIa L F (CM. BBe.neHHe) C rP,yHltnHefi BKJla.n;a ~ , 

pacTYllIe~1 Me,!(JlelmSa KBB.I{JlaTI1"IHoi1, npe.n;rOJK8Ha MHOrHMH aBTOPaMI1. YKa

3alllw tl BO BBe~eliIDl MeTO.n XJ.!Ooepa (I) npl'I e=O nepsx~1T B MeTO.l1 

BaHMSHl>IIIRX MO.l1YJlSJ:! ( MHM ) , l'ICCJIe.n;oBaH~ B KHlfre 51. 3aMeTIi!M , 'lTO 

MHM .n;aeT oueHKH MaRCldMa.JIDHOrO npaB.I10rro.n;odIDf .IlJlH onmdKH C pacnpe.n;eJIe .. 

KHSM lIan.nac a f ( C') ~ (2 ). ) -l exp( -l e ' /.A). OTMeTIIM T8.KJi\e MeTO.l1 ';;opcaJiTi61 
C W HRrCHett BKJla.n;a F (u ) = l u ,p ,0< p <2 • CJle.l1YR II.XbJ06epy / 2/ , 6y

.neM HaSlffiaTh ouefllUl: , nOJIY'1eHHlIe MllHHMHs8.UHeJ:! ~OHaJIa L , i'~-oL\eH
FKaMH . 

)J.n.J1 BJitlliCJIeIDiR ;~-oI.( eHOl< B CJIy'lao ~Yll1at11i1 BK.IIa,n:a 0 6I11sro BH)J.a HC

rrOJlh3y'o TCR I1TepaTI1IlHM W-LK- npoI.(sAYPa wreT1.{Spa - I'paHTa - X e6JIsHa 

(",rx / U
/, B ROTOp oii pelliaeTcR CIlCTSMa HOPMaJIhHhrK YP<1BHslilIi1, oppe.n;e

~motUi1X M111ll1MYM L F : 
c. 

L 't' ( --",!:- ) x,, = 0; j=.,-;m (10), u 1J 
r.n;e 'I' (u) =dt' (U)/du. Ha (q l1 ) -tt I'ITep arum OI(8HKai3( q +1) BlI'IHCJIIleTCJl lIO 

tP0PMYJI9 (3 ) , C onpe.n;eJIeHHeM BeCOB ... ('1+ 1) "Iepe30ueHKy E (q) 113 
.1 

tPOPMYJIH ( 4) Ha npe.n;H.llyllleA Ii!TSPaunu : w 1q+1)= 't"( e (q ) /s- ) /e , ( '1 ) . 
.1 ~ 1 

ECJIl1 HeT anpuoplillX Ha"IaJIDHI1X .naHHlIX, TO Ha nepBoA lITep aunu B ( 1) MO

lleT 6UT!> nOJlY'IeHa no MHK C 8~oit BecoBoti MaTpHIl;ett w • ~ 
w (u ) = '1'( u l/u npJffiRTO Ha3lIBaTb Bec oBOl! \l,Jy1nuals'lt M-OU8IIJ<H. 

;3 
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nOCJIe,n:CTBlOOI (cM/2/ , CTp . 13 ,14 ). D.JIH3KUM, HO He 3lmltBaJIeUTHUM 

. .fIBJl.Jl:eTClI rrOHHTHe Y CTOittmBOCTJ{ oueHKl!l ( TaM liS. CTp. 16 ). ROTOPalI 

03fiaQaeT He'fYBcTBRT8JThHOCTD R MalIHM K3MeHel:lIDlM B OCHOBHoll: Bhl6oPK8 

(W<leIOTCfl B Bl1,l(y Jl!aJlil8 113MeUeml..H Beex >Uld Oo.m;JUH8 d3M9HelUUI HSCIWJIh

KlIX 3Ha'ielUfl1 ). ITne,IVlOJK8HHM IT .XbJJ6epoM ~ BRJI9,Ila 
-

u 
2 / 2 , I u I f: ~ , 

F(u) = { 2 (I)c j 'J I- c/2 , /lJ/ >c 

( c - rr apBMSTp , 3aBHCffiIU'I~ 0'1' CTen eHlf 3acopsHIUI) oOeCne1.JRBaeT e~

cTBeHJ11dt MlfHKMyM !lJyH:Kn;HoHMa Lp • COCTOm'eJt:bIlOCTh Oll,eHlG! II e e OIITR

MaJIhHOCTl'> B Mnm1MaKCHOM CMI:lCJIe ( CM. 12/ ). O,ItHaItO, ItaK /OIta3~ Tee>

peTHQeCKI1e H rrpmtTR'1eCRHe HCCJIe.nOB8.JIIDI ( CM ., HIlITpID.mp, I4. 4 ). 
HeOrpmfll'IeHHalI tlJyHKI.(FlfI BRJI9,Ila TlUW ( I) ne MOMaT o6ecnel!I1Th YCTO:!ttm:

BOCTh oueHOR rrpR Ha JIIf!IIDl 60JIhlIlRX HJlJlI acliMMeTpH'lli1lX 3acClpelllm. B 
T8lG1X c.JJY'lam:: HCnOJIh3YIDT OrpaHR'ISHIIHS WlUtUHH BKJIa,na, RpaTKill!: oosop 

KOTOPWC )taB B CJIe.ItYIDmeM pa3,I(eJJe . l{ COlKa.JlellIDO , HensCieJKIillM CJJe,nCTBHeM 

oTRasa 0'1' BbUJYK.7IOCTH F RBHJIaCh rroTeprr B.ItlI.Hc'rBeRllOCTH pemeHIl.ff H3-3a 

BOSHHRHOBemI.R .norrO.lIHHTeJIhIillX JIORaJIhHUX MIDWMYMOB \tJyHR~oHana L • 

il pa60Te 111 UllJIO c.neJIaHO rrpe,IVlOXeHHe 0 n OBUilleHIlH p06acTHocTH o~eHoR 
C HeBhlIIyRJIoll W HRUHeil BRJIa,na C rrOMOll\hlC cneUJ,1aJIhHOrO Bv..l\a rnKa.JIll[pOBa

HVcfi OTRJIOHeHRR ( CThlO.neHTI13aI\HH ). 

HaCTORmM pa60Ta rrocBRme,a Ka'leCTl3eHH01"!y II ROJlWl:eCTBeHHoMY 

HCCJIe,nOB~ rrpe,IVlOJKeHHOrO B 4/ MeTo.na rryTeM ~c~eHHoro aHanH3a 

Ha MO,I(e.lThHbIX 3RIIepJ~MeHTax, oxnaThlBaJOII\}iX p a SJIWllille crrocoohl 3acopeHIDI. 

I. P06aCTHhle MeTO er eCCROffiloro aH~lsa. IIepeH.neM R CTPOrIDJ 

,pop:.\j'·JIHPOBRaM, I1CnOJIh3YlI TepMJrnO~ormo p a Cl o 4, iII. PaCCMOTpHM per

pec c: V1oHHYJO 3aBI'!CHMOCTh y : Lx j b j +e, r.ne x j - !J!aKTOPbl, OIIp e.neJJReMbie 

MeCTOM, B ROTOPOM npOH3BO,I(lITCR 113MepeHllf!; y - OTRJIl1R (pesYJThT8T 

H3MepsHIDI); e - CT8.Jll10HapHalI C.JJY'lalbraR 01llI16Ka; - HeH3BeCTIilleb j 
perpeCCHOHHhle rrapaMeTphl, j =1;iii . BHoopRa Ha6JJlO.neHHf! OT.K.7II'lKa IIpl'l n 

pa3JIH'lRhlX 3Ha~eHI'IRX WaKTOPOB 3arrECblBae?r~ B MaT~OM BH.Ite RaR 

Y = XB + E (2) 

r.ne X= (x .. ) • ]=1;iii , i =G - perpe cclWHHalI MaTplill;a 3Ha~em lPaRTe>
pOB. 1J 

,D.a.n:ee 6y,neT paCCMaTpIDlan.CR 0606~eHHblll,I'IJIH BSBellieHHHn,MeTo.n 

HaHMeHMlHX RBa,IUlaToB (MH!O IIII, Cor~aCl!O ROTOPOMY oueRRa BeKTopa 

rrapaMeTpOB B 3arrEChlBaeTClI B BH.It8 

B= (XTWX)-l XTwy (3) 

3.necl> I"- .IUIarOHaJIhHM MaTplill;a n x n, Ha .ItHarOHaJIH ROTOPOH pac

1I0000lIteHhl Beca w. >, 0, rIpHIIHcblBaeMhle IIOJJY'lemillM SHa'ieHIDIM OTRJJ:0Ka, 
1. " ,

i=T;n. OueRRa BeRTopa OTRJrnRa orIpe.neJIReTCR RaK ¥=X B , a oueHKa BeK-

Topa OillR60K (TaR Ha3hlBaeMhlH BeRTOp OCTaTROB) RaR 

2 

E Y-Y=XB+E-xB= (I-H\',T)~ (4) 

r,ne -qepes R OCi03Ha'16Ha cHMMeTIJH'l:e CKaq n· n- Ma TIJlm a 

H = X (X T\'IX) -l xT . ( 5 ) 

B cJlY'1ae PaBTOTO'DIllX Had.lIlO,ll;em. Kor.na COVE=~21, U3 ( 4) - ( 5) IIoJlY'IaeM 

CO y E = 6" 2 (T - !I\,' - I-rn +!1W2 H) • (6) 

IIycTh XI;=cOl (xk { ' ·· · ' ''I;m) - BeRTop sHa-qemrli q,aRTOPOB B k - 1.1 Haom.r

,neHHH OTKJIl'IKa. Tor,l\a k -f! OCTaTOK 'Ok MOJKHO B1:lpa3HTh RaR 

" T '1' - 1 )
ek=ek - xi<. ( x WX) XWE ( 7 

JIerKo rIpOBeplfTh, '{TO M'\ =0 , a .ItHCIIepcHlI De", ffB.J1.ffeTCR k -701 ;l4IlarOH3JIh

llHM 3JJeMeHTOM MaTpID.01 (6), T . e . Del:=u2cJ 2 • r,ne 

dk = (1- 2WkX~ (XTWX ) -l XI: +X; (XTWX ) -1 (Xfw2x ) ( XTWX ) -l ) l 12 (8)
Xk 

KaR OTMe-qeHO BO BBe,I(OHl'll'l, 1I1ffi{-oueHlw TeplIlDT CBOI'! OnTHMaJIhlJlte 

CBof!cTBa npn HapymeHI'IH n~e.nrrOJIO&e~ 0 HOPMaJIhHOCTH pacnpe,neJI8HI'IR 

OillHOOR e, . 3TO CBlI3aHO C TeM, '1TO RBa,npaU!'1HM ~ BRJIa,na <jJymt_ 

IJ;lIIOHaJIa L - rIpH.ItaeT CJIHllJROM 60JIhlliOlt Bec Ha6JIlO.neHIDIM C ,I(a.n:eKHMH OTRJI0

H9HIDrMl1 e . , BCJIe,nC'I'BH9 '1ero rIpH TR.lIt8JlHX " XBOCTax" paCup6.ll.eJI9HIDl: e i 
" 1 

OileRRa B CTaHOBRTClI HeY CTo:!t'lliBotr. B Ra'leCTBe npHMepa p aCnpe,neJJeHWi 

C Tmite.1IhlMR "xnOCTaMH" lbK. T:OJORH BBeJI MO.neJIh t -3aC0p8HHOrO HOpMaJIhllOrO 

pacrIpe.neJIeHIl.ff C napaMe TpOM 3aCOpeHIDl E (0 ~ E " 1 ) : 

f (x) = (1- E ) N Ix) HG (x ) , (9) 

r,I(e N( x l- HOpMaJIhHOe N(O, lT
2 

) , a G(x) - rrpOH3BOJIhHOe sac opsIDllee 

pacnpe,!(eJ1eHl1e. 

MlI1nIMll:3 8.II1ffi · rtJym~o!l3JIa LF ( CM. BBe,neHHe) C cjJyH:K.rmelt BRJIMa:' , 

pacTj'll(eH Me,l(JIem!8e H:B8JlilaTHQHo!t, npe,IVlOJKeHa MHorHMH aBTOPaMH. YKa

38.HJ1Ifit BO BBe,l\eHIDI MeTO,n Xb106 epa (I) IIpH c=O rrepeXniT B MeTO.n 

HaHMelibllOOC. MO.l(yJIe1! ( MHM ) , .l'ICC~e.noBaHHhl:l! B KHHre 51. 3aMeTHM, "TO 

MHM ,naeT Ol.\eHKH MaKCHMaJIhHOrO npaB.nono,n06M ,I(M onm6KH e pacnpe,ueJIe

HHeM JIan.naca f (,,) = 12 ,A) -1 exp I -I e llA ) , OTMeTllM TaJ{Jf(e Me TO,!( rFopcilll Ta/6 

C ~e:l! BKJIa,na F(u) = l u f P , 0< p< 2 . CJIe.nylI II.XhKJ6epy /2/, oy
.neM Ha3HBaTh oIleHKH , nOJlY'1eHHhle MHHIOOl3B.l.\Hea \PYHKl.n'IOHana L • i.l-oU.SH

F
KaMH . 

.lJ,JIR BI:l'lliCJJ eHlUi ;.1-0l.\EJHOK B c.rr.fy.ae YJ.\' JlJUI,Ioll1. llJ(JlCl,Ll,a OOl119r O BHM HC

TIOJIh3y'eTCf{ llTepa TI{BHM :IIHK- npol.\e.l\YPa W18TI{epa - r paHTa - Xe6J!9Ha 
(.".rX) / U/. B ROTOp011 pemaeTCfl Cl1CT8Ma HOPMaJIhHhlX YPUBH9HIill , Ol '.pe.I(e

.1I.lIJOOlID: Ml1JlllMYM L F : 
c . 

L'I'(T ) Xi ' ; 0; j~~ , (10) 
r.ne 'f l u )~d Fr u) /d u. Ha ~g+ l ) -:II HTepau;mI OIleHKa li lg + 1 ) Bhl'l:HCJIReTCR no 

qJ0pMYJIe (3), C onpe.neJIeHHeM BeeOB wl (!+ l) 'Iepe3 oIlemcy E I 'l ) H3 

tPo~JIhl (4) Ha npe.mI.nYmelit HTeparnm : w ( g+ l)= 'f l e l q ) /61 /2. I 'l l . 
~ 1. .I I )

EcJIIt HeT arrpn oplillX n a1JaJIhHhlX ,naHHhlX, TO Ha nepBo:l! HTep arnm B 1 Me>

z eT (JllTh no..nyq:eHa no MHK C e.nmm'U10a BecoBoi! MaTPHIIe:l! w. \IJyJ!KuIm 
",'(u ) · "'Iu) / u rIpHHRTO Ha3HBaTh BecoBo :l! ~e:l! M-oueHKR . 

:~ 
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OrrHC31IHI18 BI1liI8 napWlHTbl M-OU8HOR nCnO.JTh3YJQT H80rpamI'I8HHYJO 

Q'j'1uunuo BKJID,ll,a r . :\cm OTfA8'IaJIOC:b B11m8, TaJill8 O[.l8HKH H8 MoryT 6blT:b 

YCTOMlfHBLIMll B CMblCJI8 XblO08pa, T.R. BapbHpOBaIU18 Jll1lllb oJUwro Ha6JIlO,IJ;8

!l}m M0lK8T lTPHB8CTI1 K Heorpam.!'IemlOMY c Mem8mno oueH:I\M B. XOTfI 3TH 

oueHIUI 11 HBJIHIOTCH po6aCTHHMH, HO Ii Il06aCTHHe cBolkTBa BIlPaJ.(SHH OT

llOCHTM:bIlO c JIa 60 ( C. ,I . ll . J , TaKlKe 147 ) . II03TOMY . 8C.Jlli nplnmTaH MO~e.JTh 
~orrycimeT OO.JThUllie ( H TeM OOJIee HeOr paIlH'I8HHO 6o.JThnrne ) Ol!lH6 Rli ' Ha6JIlO,IJ;8

HHii C BblCOKOfi BepOHTlIOCT:blO rro.'m JIemN. TO OOJIee 060CHOBflHHUM GTaHOB!1 T

Of! lIPllMOll 01[:18 .i-OUEtIIOh C orprurntIOIl.H 0 ,[ .,.IYHKJ..CU81i BlUW,.l~a . 

IIpe~JIOliteH [.leJIhln piI.It TaKHX ouellOR , p,33.1111'l:.:uaJIlID(CH ROHKpeTHHI.l BlII,Il;OM 

;'YHl<WHi I3RJID,ll,a. OTltTHM M8TO,ll;bl AlulpJOca 77/ , PnMCeH C 3RCrrOHe~a.JThHO 
YOIiBOJOil\lIM Bec01.~ /'3 . TbJOKl1 C 6nRBa.n;paTHo::\ BecoBolt !fJyHlUll1eflC OIill8COM) / 10/ , 
.\ J l.Ui c"Kl C J(YC OlfIIO- JUfllelillo . i llPOl'13BO.ll.llo,i lllYl!1CUillI DIUJ<:UlU / 13/ 

T a 6JIJ.m3 I 

MeTO~ J ecOBaff <W mJur 

j si.n( u /c ) 
l u 1< C:JZw(u )= u / c 

~ploca 

o lu ,~c:JZ 

PClMCe.rr w ( u ) = e xp(-/u/CI) 

{ ( 1_ (u/C j 2 ) 2 , lu I< c 
T:bJOKH w(u) = 

() I u I >,. c 

-

{
1, lu I ~ c 1 

c 1/ I u I c 1 < lu I:: c 2 

'X 8r.meJIa c (c ] - I u {)
1w( u) ~ 

c 2 ,l u /< cl u l( c 3-c ) , 32

0 lu l >, c 3 

l + lu/c l r . \1 - p/2)P B \·1 (ll ) = 
(1+ lu/c!p ) 2 

13 Ta6.Jlli1::\8 I np1ffie~eIIN al!a.JrnTH'l9Crme BUpru;sHlffi ~ Be coBblX ,iJYHKIWi1 

3TIDC MeTO~OB. rpi$nrn H80r p aHWIeHllliX U o r p ru ITf'IeIlTlliX ~lJHKIUI~ BKJIa.n;a 

C cOOTBeTC'l'BYJOmIDIIR BeCOBI:lMR tPyuro:\>oo.m !IpHBG~er!hl Ha pHC. I H :2 COOT

BeTCTBeHHO. OTMeTHM ITPaRTll'l8CKOe c OBn a,neHl!9 9YID<I.Wil T:blOKH H AlulplOca 

nOCJIe cooTn8TcTBYJOlll8ro MacIIlTa6upOBElHWI ( Kplffille I 11 2 Ha pRC . ~ 6 ) • 

HaMK TIp8,!\JIaraeTcH cJIe~omee o606111eHHe OID'lC a.HJlllX M-oueHoR; 

4 
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ll)'lUa:om BK.II1l,lJ.a OrrrJ9~aJli1eTC.q BhlJlaJi{eHH9~.1 

2 
II (II )F (u ) - • 

1+ J.uC l P • 
3!lBHCJIIUID.! OT ~Byx iJapaM~TPOB - MacffiTada (c ) H Cr OpMhl (p ). 

:'I1emlfI rrapOMeTp P ( 05p~2) , MOJKJIO llOJJY'U1T:1> ~, dJm3KR9 K JlD

(jon ;f3 il300palKeHHllX W1 pnc. I H 2. Ilpn p~O OH}! <li{Bl1.Ba:1911 Tl:lli ..rill:. ,#Ul 
p 2 p

60.iU,!ilHX lu I ~YHl~tf1 ( Il ) npK6.JmiKaeTCJ'I K '!iyJncrnm c u - • 'ITO OOOT

BeTCTByeT ~-YHKr~1.Il loOpcaHTa C P~= 2 - p . HO OT llOCJ19JUien OHa Bl:II'0,w10 

OTJm'la9TCfl OJm30 CTb13 K 06h1'!Hol\ KBa.n;paTlI'IHOn (~ ~.ffiK IIpH MaJIliX 

I J I . IIpH p= 2 (n) ~aeT OrpaRH1IeHHyJO ~ BKJIa.na , 6Jll13K'jJO K ¢yHKD;Ii
J'IM 'TblOltH H A1U(pIOCa , lIO B OTJIHqHe OT HIDe JIKIIIb aCHMIITOTlflleCKR rrpH6JL1

JKaJOll.G'lOC.f! K c 130eMY np9.1le.ny. 3TO YJIY"!maeT YCJIOBH9 3KCTp9MYMa L • T. K . 
F 

aCKJl!01faKlTCfl "OBparl1" C ropU30lIT8JIbl lUM ,II,H OM }l r opH30HT8JIbHhle M OCM9 

Y'18CTKU rroB9pXHoCTR tlJyHKqIilOHaJIa LI' (CM. pHC. 7 M 8 ). .a COOTB9TCTBIDl 

C B~OM ElipalK9IDUl (II) lIpM UeJIHX p dy.neM Ha3liBaTb BBe.neHHYlO HaJllH 

qJjTHKUHlO .1lP0dHo-PaL\HOH8JIbHOl1: ri-yHKl.tHett B1(J1~a (JIP~eit). Ee Beco

Bafi 'PYH}~ rrplme.1leHa B TaOJI. I. a Ha pRC . 3 H306p8lKeH ee rparpmt npll: 

p a3.IDf'JJ{lD( p . 

2. . HOmmp oBKa OCTaa'lSOB C yq9TOM l1HlIl:[BIDlYaJILHl:lX lI!!cn euc.Hit ( CTbIO

neIlTli3 auJ:I!i ). BHllI90IDIcruu n;e M-oueHIffi .1lonyCKaDT cymec TBeHIloe YTO'IHeIDI9. 

1J])9,[JIOlK9HHOe aBTOpaMI'l B " 41 Ha c .nytfaM nOlIEJI9HItit TaKlIIX Ha6,mmeHH1i 

OTKJUiKa Yk • Y KOTOPlL",( BeJlliKa He TOJIbKO 01JlIi61ta Ie I ,HO H 3Hu'!emm
k 

~rutTOpOB (xl; I • .. . , x ) B rrp OCTpaHCTBe lR m JIelKaT "B CTopOHe" OT
k m

OCTaJIbl1HX ~aKTOPOB ( cp. PI1C. 4a II '16 .I(J!H m=2) . ITo Te}NRllOJIOrmt 

,J:;;r . Ce6 epa III ,-I.IN B orrpe,I(eJIeHRlt ¢yIDtUlWHaJIa LF nepeXO,lU1M OT llIKaJIlI 

POBaHHHX OCT UTKOB ek /t It we CTb lQJ.l:eHTl!3HpoBaIIHllM BaPHaHTaJlI ~J8'd k 

r na d ,. orrpe,I(eJlffeTCR. COrJIaCHO (8), <repes ,lJ;Rcu epcmo De -OCTaTKa. UO.n:Y
~ k 

1feRHOrO Ha npe~e~ RTepauRR ~rx-rrpoue.JlYPH. 

~anb 3Tero MeTO,I(a COCTOKT B npOTHBO,I(S~CTBHn BJIRffHRff pe3KO BHUa
.llB.lOO\HX HaOJlJO,l{em • .n;JUI KOT Opwr dk,,=,O. 3 a C"IeT '1er o OHlI " npOTfrI'HBaJOT" 

JIHHml p erpeCCRH Y=XB CHJThHee OCJaJIbHllX TO'leK. TaIma TO'llUf Il.XbJ06ep 

HasBaJI TO'IlSBhIH pas6aJ1aHCHpOBKH 21. B TO l!ia Bp elvlfi a CKJllO'lSHHe TO"l6K 

paa6aJIaHCHpOBKH nyTeM pa3Horo pO,I(a npone.nyp B1iOpoca (eM., Hanp(,10,I2 / ) 
MOZST IlpRBeCTH It UOTepe RHrpop.!aum'! II TOtfHOCTZ O~SIll<li " • 

rrpe~aeM06 HeME onp9.1lBJIeHHe BeeOB no ~p~~e 

Wk= 'i'(Ck /~dk } I ( ek /~dk) (12) 
.B KOTOpO~ e If d nepSC'tKTl:lBaJOTCJl no (7) R (8) nOCJIe I<B!r,I(On <M'). 

k k 

- IiTeparum • II03BOJIJIeT n OJIBOCT},il HCKJIRJ'WTb BJIHIlHlllS TOlJelt pa36aJI8Hclt 


POBM lIpIl 60JIl>mmc 10 I ( CM. IIpHMep B /41) If HS TSpFLTl> RHtlJop.re!lHlO IIpR
k 

M8.1lllX Ie k I . 
.Ilna HaI'.llfi,r$oro Ka'leCTBSHBoro 06'bIICHemm MSTO,I(a "CTl>ImSIJTH3aI:(Wi" 

OCTaTKOB npH m~ 2 CpammM 1'l306pBJI:e~ ~oRana L H ~oHana, 
COOTBeTcTByDmero CHCTBMe BeCOB (12): F 
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(5 ) ...a-, 2 ~ 

L (h I •.. .• b ) = 2...... d . F (e . Iv d . ) 


f' m i = 1 1. 1. 1.' ( 13 ) 

Bl:lpaJiteHHe ;;=- L orrpe,I(eJIReT rmIeprrOBepXHOCTb B (m+ I) - i,:epHOM rrpOCT

paHCTBe (b 1 , · ·· .bm,z ) , TO'fKa z (b, •... ,b )=z COOTBeTcTByeT HCRo
m ma x 

MOti O[(eHK9 B . 
~ rpaPz~eOKOrO rrpe,I(OTaB~eHKff rrOBepXHOCTH Z(b . b ) o&na paape

1 2 
OOT DHa rrp OrpaMMa, rr03BO.1IlUll1\aff IfSOOpalitaTL Tp9XMepHYil rrOBepXHOCTb lia 

WIOCKOCTH IA8TO,I(OM Oe'lem!:.l! 0 nOMOIl1blO r p cijJon oc TpOHTeJIR, IIO,I(C09.D;lU!eHHo

ro K 313M CM-4 . Ha PRC. 413 rrpHB9,rr;eHa 3aBHCml10CTb y=b x+b , b =b = 1.
1 2 1 2 

- 1~x~1 II TO'!KH BHOOPKH OO~eMa n= 10 , llony'!eHHHe .D;OOaaneHHeM It RCXO,I(

HOti 3aBI1CHMOCTH HOPM8JThHO p acn p e,I(8JIemrffit CJIY1fa1nIOA OrnROKH C U =0.2 . 

lIa PI1C . 6 a, 7a, 8a H300paJKe.llH nOBepXBOOTH z=z{b .b ) • COOTBeTCTBYJ(r
1 2 

nrue ¢y1IK[(l1FIM BM ana XbD6epa, TLlOKH, .lU'E (p= 2 ) . 

6a 

PUC. 6 

IIOilBJIeHHe TO'IM p aa6anaaClIpOBKH llpl1 x =- 2 , R300p azeHHott Ha 

pilC. 46, pe3KO H3MeHWlO 4x>PMY nOB8pxHo OTeit ~OHanOB. Ha pRO. 5, 
60, 70, 86 HSo6p aJKe.HH nOBepXHOCTE ~ MHK, ~~ BKnau3 Xyoepa , 

TDDKH R RPB ( p = 2) COOTBeTCTBeHHO. Xopomo ~o ~o~eHHe nOBepXBOCTeA, 

COOTBeTCTB~ Heorp~eHlilDA ~ BMana, 3aTp~ee TIOKCR 

aKCTpe~a. Ha PKOynKax OTMe'IeIru TO'IM, COOTBeTCT~e nepBO! ~rx-

-RTep~ R HCTKHHHe 3Ha'IeHHR rr ap9M9TpOB b 1=b = 1 • Ha pac. 76, 86
2 

rrepBM RTepa.qIDl OKa3llBaBTCR B6JlK3R JIOKaJIbHOrO 3KcTpeMj'Ma, Bli3BaHHo

ro TO'IKoA pa36anaacHpoBKR, BC~e.D;CTBHe 'lero ~rx-rrpoue.D;YPa 'IaCTO npa
BOnHT B STOT hnocTopom~" 3ltCTpeMYM. CTb~eHTH3~ OCTaTKOB (12) 

8 

PI1C.? 

BH31lBaeT pe3Ro e YMeHbweHHe IIJIOm8.IUI ropH30HT8JThHOfi n p o 8KUIm rrOCTopoH-

Hero ITKKa - OM. Ha pRC. 7B , 8B TIOBepXHOCTH ~OHana -L~S ) Ha 

nepBolt q,rx- KTepauIDI C ~ BRJIB,zta TbilKH R RPB ( p= 2) • E~aro.D;apR 

STOMY yYeHbmaeTCR BepOilTHOCTb rrona.D;aHHR nepBO~ HTepauHR B o~aCTb 

SToro nmta. 

Heo6xo.D;RMo KCC~e,I(OBaTb T8KlIte .D;e.lk TBze iI>rx-IIpo~e,nyp1i Ha IIOCJI8

.DYJlXIIIDC UTep8.[(I'IHX. ECJm Bec w~q) T01ffiH - Bhl6poc a Pk ,I(eltcTB.M eJIbHO 6Y.D;eT 

YMam.maTbCR C POCTOM HOMepa HTeparnm q. TO O,n;nOBp eMeHHO 6YJ1YT pacTl'l 

H OU6111<a OCTaTKa a~<j ) , H ~8JThHM ~crrepCmt (d~q» ) 2 • Cy

~eCTByeT Jlli orraCHOCTb Toro, 'ITO TaJUIM 06paaOM YMeHbmeHHe Bec a ",~q) 
rrpl!Be.D;eT K YMeHbltleHHlO OTHOmeHID! ~ (~) / G'- (q) <q ) B ( 12) R TeM c m.WM 

t} 
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a 

(j 

B 

Puc e 

HI 

YJKe K YB9JmtIeHK!O Beca w~'l+ I) Ha c JIe.nyromeil I1Tepamm ("odpaTImfl xo.n" 

ll:TepanH OHHo i1 n poue.nypH)? KaK IIOKa3lffiaeT CJIe.nyrolUafI JIeMMa. YMeHl>llIemle 

Bec a w~q) .JI106o fl TO'lKH He MOl!I:eT Henocpe,nCTBeHHO IlOBJOO!TL Ha Bee 

,.... ~q ... l ) ,lTOrr JY.e TO'lKl1 Ha CJIe,llJ'1OII\e!1 ; r X-JITep8.WI}!. 

JIe~1Ma. ileJlli'nma ~k/dk lie 3a.BKClIT OT Beca K- i-t TO'mJI '....k 


.[OKa 3aTeJIl>CTBO Be.neTCJJ: B 0603Ha 'IeHJLU n . 1. 0603H1:1.l{lIM 


tk- l - X[IXTWXl -1 XkWk ll: fp~X[( XT"'X )-l XpWp IlpYl p;lk 


Tor.n2. , B CI1.ny (7), 


e t f i ei 
k 1=1 ( 14) 

,L.ocTaTO'IHO ,nOKa3aTL. 'ITO Be.llll'f}lHhl f i / d k He 3a.BI1CRT OT npll: ltaliUl Ol\lwk 


i=T;n • 38MeTHM. 'ITO,B c~ (14). 


ff i 
(I5)V 2 

1. 

2'd E 1 + . . . + f k 'I' nT -I 

OU03Ha'lHM "'k=l Ylo< = Xk ( LX.W. X.) XW upH i' I'k - DeJIJftIHHhI. He 


p j;lk J J ) P P 

3aBHCmItBe OT "Ik ~eeM 


'I' T '/ T " T - 1 T r T - 1
cX. t = ( l-X,, ( X \'/X)Xkv/,. JX •• ( L-- Xi '.... · X.) x' wp = XI: I1= X'''' i X ' ) r k. " r. . , ct . 1 1 r L , t ~ .l I 

'1' - 1 l ' "" T -1] '1' ~, -1 f '1' 'r -l
-(X WX) Xkw•. x l. ( ,L~ )( ' ''' i X; ) x '" =Xk- ( X ' NX) l (XWX)(JX1"'i Xi 1 

r. • Lt" J - co P m 
'I' 'I ' - 1] T 1 - 1 - Xkw, Xk( 'L: x .\v.x. ) X W = x .. ( X \\'X ) x '.... f. 

K ilk I 1 1 P r .· P P P 
or 

r.ne MN BOCIlOJIl>30BaJlliC:b TeM, 'ITO XT~)" -L X 1'" 1 X .1 • CJIe,nOBa'reJIl>HO, 

fp=O<pfk ' OTKY,na 

fi ot 1 ' k 


d ~ Vo(.~+ . .. +a:~' '/fJ 
k 

( 'YHKlllffi f l: (wk ) uenpepHBHa no wI: H n03TOI'!y.ec:JIH f k( wk ) ;iO,TO OTHOWem!e 

f i/dk He 3a.BHCYlT OT w • 'ITO ,nOKa 31maeT JleMMY. ECJill f k ( W~O ) ) ~ Ilpn
k

0
HeKoTopoM w~ ) ;> 0 • T O De =0. 'ITO B03iOJtHO JillWJ:, IlP}! CIler:~naJIbHO

k 

no,nc6pa.IiHWC MaTPIDlax x R I~ ( CM. /II ). Ho B "TOM c .ny-qae 

"e (W ) =: d ( w ) ",, 0 . JIeMMa ~OKa3aHa.

k k k k 
3. OITKCaHRe H p e 3YJIbTaTH ~c~eHHoro 3KAepHMeUTa. CnanHaJIHCTN no 

p06aCTHHM O~eHKaM OTMe~anT TPY.nHOCTR TeopeTINec KHX BRBO,nOB B 60J1b

llmHCTBe lIpaKTlf'leCKHX CKTYa.nIDt. KOI'~a 3acopeHHe Bll6 0PRR OKa.3h1BaeTCH: 

TroKeJIHM H/HJIJ1I HecRMMeTpH'llll:lM H peKOMeH.lijTilT lIpoBePKY npe,lUlo.1!olltelilrlt 

H MeTo,nOB Ha MOHTe-KapJIOBC~ MO,neJIRX. 

T aK.II •XhD6ep. OTM8'IaR 2 "a6C OJIlOTHY1O 6ecn oMOIIlHOCT1>" aCJ1IMIlTOTlIl

'IeCKol:i TeOpl1l'l p OC5aCTHWt o~eHOK B l1paRTlPIeCKKX CJIYtIafJX. npe,II,JIa

r aeT YTO'lH.llTL pegyJIl>Ta1'I>l Te op;m MeTO,ItOM MOHTa- Ka~o. CCHJlaRCl> Ha 

CBOR lKe pe3YJIbTaT~ / 13/ . EOJIbmyJO lIpaKTlf'lecKylO n OJIl> 3Y peKOMeH.IJ:8ItIli!, 3 
no~eHHNX nyTeM CTa TRCTlf'leCKOrO MO,neJIKpoBaRRff. oTMe~aeT H ~.Tl>IDI<RI I. 
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B COOTBeTCTBMM C TP~KURHMH paooT /3, 13/ n;m CpaBHeHllIT OllRCaHHHX 

B IT.ll. I,2 MeTO~OB O~~ rrpoBe~eH ~c~e~fi 3KCllspHMeHT, B xo~e KOTo

poro Mo~e.lIupOB3.!II'ICb paalIwnme CIToc 06~ 3acopemm HCXO,lUfO~ psrpeCCI!IOH

HO}! 3aBMCHMOCTI:!. B~ paccMoTpS~ .lI,B8 BapJlaHTa ncxo,lUfof;\ 3aBHCI'!MOCTH: 

.lU3YMepHli1l y~bl x 1 +b2 (b 1 -b2=1) 1'1 llHTltMSpHldl: y =b 1x, +b2 x 2+b3x 3+b4 x 4+bs 

(b 1=b2 =b S= 1 , b 3=0. 1 , b 4= '0 ), C~aAHHn p a 30poc To~eK reHepHpoB~cR 

no pacrrpe~e.neHIDO (9), B KOTOPOM HOPl{8.JIbllOe pacITpe~e~e1me N (x) C ()=0, 1 

3aCOp&lIOCb 1l0PM8.JIbllliM pacnpe.ne.nelUleM G ( x ) co cpe~JmM 0 R ()=, 

( ITPI!I [ =0 , 1>0, ' 11 £ "'0 , 7,, ). Kax R B / 13/, OT.n8JlbHO RCC~e~OBaH c!fY

tfaii pacnpe,i\8JIGHUJI r;Oilll1 , Kor.na f (x) RMeeT TIJIOTHOCTb 10:£' (' + ( 1Ox) 2, -, 

Ocoooe BllHMaHHS O~O y~s~eHo MO~enRpOB~ T~e~oro 3aCOpSHHH,TBnIl:~

Horo ~M 3~al{ oopaOOTKlI TPSKOBOit Jm4>opr-.mI~ : A) H3.!II'I'll1e 3Ha'lliTe~

Horo pa3phIBa B ITPOCTpaHCTBe WaKTOPOB (Ax~1 ()) , coupoBOlU\aeMOrO 3Ha

t[lI!T8JlbHbIM pa30pocoM ( U =5 ) OT1tJmKa B TO~ , JIexa.ma:lt noc~e 3Toro 

pa3phIBa; 3aCOpeHl1e B BB.Ile MeHee nnOTlloro TpeKa (c=0 , 2 5 ): E) nepe

CeKaJOIllerO OCHOBHOtl: (cpe,lUfee y= -x ); B) R.JlYIllero nap8JLlIe~HO ( cpe,ItHee 

\-'= , ) . .llacITepcl!IJ! ,n.JIIi cJly':raeB E JIl B llOJIaraJIaCb 0, or. 3Ha'femm 

tPaxTOPOB x 1 pa3urpHB~cb ITO IlOpl[8.JIbHOMY 3 8KOHY co cpe~FOO~ 0 n .JlllC

]]epCHS~ I , OObSM BHOOPKll 110~araJICH paBHbIM N-= l 0 ; 30; '00 , 

.1J.lm ITO~rOHKJIl psrpeCCillf 110 1l0JlY'ISHilllM TO'fKBM HCI10Jrh30B3.!II'ICb II 
Bapl1aHTOB 0I111CaHIDIX B 11. IT. I,2 MeTo.nOB: MIIK, <liopcMTa (p = 1,5), 

):j,lOoepa ( c=I,4), MHM, PBMC8H (c =I) , AMpRlca (C=I,15) , A3r.tIIWJl a 

(c,=I,c =2, c) = 3) , TblORH (c =4) ,,llPB ( p =2,c=3),a TaKlKe Bapl1aHTh!
2 

.IlByx ITOCJIe,lUfHX MeTO~OB co CTbRl~eHT113aunefi OCTaTKOB - n. 2. 
,Il,Jur oueHKH TOl{HOCTR ]]O~eHHOfi ]]O~rOHKH Y=Y(x,b", .. ,bk ) (k =2 

ItlIH 5) BH~CM~OCb ycpe~HellHoe KBa.npaTH'!HOe OT~OHeHRS OT HCTI1HHOfi 

perpSCCI111 y( O ) = y (O) (x,u , , . .. , b ) B BHOpaHIDIX TO'fKax WaKTOpHOro
k
 

lIPOCTpaHCTBa d=N-1.~Jy -y ( 0) ) 2 B8.Jlli1lliHa d BII'rnCJlHJIaCb n;IJ! 1000 

1 1 

BapHaHT OB c~atl:Horo P03urpHlila TO'leK BOKPyr ucnn{l{ofi perpecclilli C 

(j)lfKCl1pOB~MH 3Ha'leHH.HMH l{JaKTOPOB Xi. • B Kal{eCTBS MSPH TOl{HOCTn 

Rcc~eJlYeMHX MeTO~OB 110~r0HKl1 o~o BHOPaHO cpe~Hee d' - (d ( , ) ~ . . . ,.d (1000\ I 

/1000 , 3HUI.IeHllfl lcoTopor o, Y;ilHo;~ejj}we )~J\ Jl YAooc 'r N.! ITU 104 
( )J)lli lla

pHaHTa A - lin 10 ), ,ll.llR 13cex Il l:A6p D.JIll!Jlx BapmUlTOI3 110~0IiKl ! rrpHBe,nsHLI 

B TaM . ;2 Ii J. 11c c..'Ie~OBmme BpeMsmnrx. 3aTpaT Ha pac~eT o~HoH Gf X
-HTepaJJ;lm np H k =2 ,N =1 0 Ha :JllM EC-1060 ITOKa3a.lIH, ~TO BHt[l1C~eH1'I6 l1H

,IUmJmy8.JIbHL!.X .l{l1c l1epcHfi (8) 3aHl1NlaeT I, 0 ~mc , BH'll1C~eHRe Be COB", 

(Tao~. 1 )- OT I,3 "'!KC ~o 2,4 MKC B 3aBJilCHMOCTI! OT npl1MeHHSMOro 

rileTo.na 11 Ha Bh!'IR~eHRe oueHKH (3) - 3 , 6 rAKC - Hs06xo.ni\JJlOe 'll1C~O 

llITepa.uIfi1 n;m CTaOJfJIl13aI.Uil1 Tpex 3Ha'laJIIHX nrUpp napatilSTpOB b, JIl Kob 2 
~eO~OCb aT 3 ~o 6.nOJIbllOe Ko~~eCTBO I1TepauRfi (4-6) TpeooB~ MeTO

)J;H PBMC8H, Xsr.me.JIa 11 MHM . 
.uaR~e TaOJlIDl 2 H 3 n03BO.IDlJD1 c~s~aTb c~eJlYIOlllHe BHBO~: 

12 

I . 11 0TCYTl:TBH8 3UCOp emT.H (I:. =0 ) Bce pooacTHhle MeTO,ru,l IIO TO~1l0Cl'n 

YCTymtlO'l' WITt, HO ile (i oJIea 'leM liD. 10-15% . 

:..! . rJpn pOCTa 3l1copem1J1 ~O E. =0 , I MHK pe3Ko (HD. 110piI.I\0l() TepileT B 

TOtzllOCT}I . ro6ac 'rlme MeTO,l(N nOI,a3lIDruoT xopotnyIO TO'IHOCTb, ICpOl.!8 t,18'ro,na 

'.I'oPCaJI T3 , OJlll3IW rO K MID\, 
3. IIpI! 3Ha'lllTeJIbHOM 3ac opemm ( F. == 0 ,2 5 ) liM np;.! pac upolleJIsmu! 

l (ounr MeTO.IlH C ue Orparill'-leHHO~ 1riIlKURe~ BK.n:~a pa60TCUVT 3£l!:.eTHO X"'J};(e n o 

CpaBHelll!JO C MeTO~a\m C orpaRK'1enHO~ ljlylIKlUIell BH.'I8,lJ;a. 

4. CTblO.IleHTJIl3aIJ;MJ! OCTa TKOB rrpF! CPaBHlITSJ1hHO HOO O.1ThDlOM nUlir puDl6 


B TOl{HOCT11 ( 12-I7% rrpl1 c. = 0,25 H ~o 30% ,!(.JL'I paCl1pe,neJI8HI1fl KOllm) 


.naeT 0l{6m xoponmft 3lli[JeKT npl1 nOfIBJIeHIfH TO'leK p a 30wwHclIPOBB:J-1 ( Ba


pHaHT A ). 


5. r" lo~e~H A, :c , J, Xap ar(TepHhle ,lJ,.JJ!1 TpeKoBo!1 Jl1iQopr,m!(mr, JIIlJl'LlO 

CH H1lilMeHee nO,JU:O.D;ffi4lm ll n;m Herrocpe~CTBel!Ho.J oue¥.F.}! pcrpeCC;110llHHX 

ITapaM8 TpoB, T. I,. CmlllIROM BeJIllKa onmoy.a lQl1 llD.'!1lJIbHOi,1 ,p110JlHJK6n;m, IIO

~eHHOM rrpH wi"" . D :JTUX CHTYawurx Heooxo,nHl'fO IIcrrOill30BaTb anpuoj:}

~ Hl!¢Opilanmo, Ko'ropYJO B rrpaKTI1Ke p acn03HBBaHI!IJ! TpeKOB (CM. , Harrp ., 

- 2/ ) rro~ruoT wJTer!. 3KCTParIOMUl1lI C )n.racTKoB TpeKa . ynw rrpOCJJe;W H

HHX BHS OO~aCTI1 3aCOpeHl1H - CM. Truone / 4/. 
B cJIY'lae A npoueJlYPY OueHKl1 ;,10;iJIO c~e~aTb .lI,BYX8TarIII0!i; cna'1aJIa 

ITPOBO.D;l1TCR rrpe,ll,BapI1Te~HM oueHKa no B1l60pKe c; JIlC~l{eHHLlM}! 'I'O~Jt81.111 

pa30~ariCl1pOBKI1, a Ha BTOPOM 3Tane 3Ta O!leHKa JIlCrrOJrh3yeTcH KaR lJa
'f~HOe rrpllOJIIDKeHl1e n;m pooacTHoti OueHRH 110 IIO~OH Bh!OOpKe. KaK no

Ka3aJIJ1 paCtfeTli, <lTO ~aeT CHUJKeillle KB[1,UIlaTlll{HOrO OTIUlOH8 !1l1H d HD. ,ll,Ba 

ITOPMKa. llpeMeH.i1lls 110TepH Ha CTbJO~eHTn3au:JDO oCTarKOB COCTaBJmlOT ~o 
2 CJ% (CM. BHille), n03ToMY H/,1eeT C),1hIC~ BBO~HTb rrpoue,nypy CThIOAeHTli3au:11lf 

B BB.Ile OT~~HOtl BeTBll, BKJJJOl{aeMO~ rrpn rrORBJIeHlm To'-!eK pa36~aHcHpoB

RH. 

I3 3~~eHl1e OTMeTI'!M, 'ITO CrreUlfCLl1hIili;.J paCqeT .Il.JIJ1 l,IO,lJ,9Jlli It, B ICO

TOPOM Ha'l8.JIbHOe IIpI10m1.'i\eHl1e ~Jm (~rx-rrpOnSJlYPH I1CICYCCTB8HJJO 38,lJ;aB~OCb 

B TO'fKe ITOCTOpOHHero JIOK8.JIbHOrO MnJlID,1Y'.lCl ~!oHaJIa L ( CM . pHC. 7B, 

8B) nOKa3~, ~TO cTbJO.neHTH3RpOBaHHM :iTX-npoue,nypa TeM He Mense Bli 

XO,n;HJIa K I1CTHHII01'llY (r~OO8.JIbHOMY ) MI1IDIMYMY B 22% rrpOC'll1T~ BapllaH

TOB. 

ABTOP~ oJIarO~apHT f . fl. CHMOHOBY 3a pH.Il 110JIe3IillX oOcY'J!.IlemUt 11 3a

Me'l~ , Yl. H. CJ1JlllHa 3a BHRMaHHe K paooTe 11 ueH~e COBeTH . 
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• f;4VolJ.l.&.Lq 1.,.& 

k- 2 , N- 10 k=2,N=30 I MeTO,n 
£:0.3 ' t c M S Koum B 1 6 1 II £=0 It =0.1 e =Q2£..=0 Konm: 

I MlIK 20 ,1 2041515 :5'105 1986 /11501213 
2 ~'OpCaJtT 21 ,0 98, 71294 1 105 1758 986 224 
3 XDI06ep 21 ,1 78 , 41286 103 840 11020218 

MlIM 24 , 0 66, 2 202 , 218 ' 6OB I 831 2394 
5 PElMceM 26, 7 50 , 81 168 ' 145 1612 ' 749 .24I 
6 A.H.n;pIOC : 23 ,1 63 ,1:230 , 339 1750 ; 917 223 

63,3 : 228 336 748 912 2237 T:bIOK\II 23 , I 
T:bIOlG'I ( c ) , 23 , 5 222 	 '725 ' 784 1358 50 , 7 20I 
A;)MII6Jl 	 i 25, 2 60 ,6 204 252 	 687 ' 825 229 9 

1 
328; 70I 	 859 I 22 4Ie 	.IU'B 1 22 , 5154 ,3 211 
237. 694 ' 	 800188II .IJ.PB 	 (c) / 22 ,4 52,0' 200 

, 

6, 41 164, 3 161 3.105 

6, 78115,8 45,7 1250 
6 , 71 10,2 32,5 132,1 
7,45112,724,9 22 ,6 
8 ,5419, 45 13,3 18 ,0 

16, 9 i22 , 0 7, 3918 , 53 
7 ,27 8 , 51 16,9 22 ,0 

1 

20 , 8 
21 ,3 

8 , 15! 9,23 15,2 

7, 4718,'721 16 ,3 

Ta6.mma 3 

! 
k; 2 , M; 100 k ~ 5 , N= 30 k=5, N= 100 

[= O.< ' f. =O.2S' t =0. 251£=0 £=0 E. :0. < l=o./ ! =0,2SKOIJI!l( c =o I{ollll'lKoum 

3 '1 054 ' 105 17 ' 105 128' 1 ,91 22 ,2 51,5 16,3 173I 398 5 ,00' 55,7 
2 ,07 9 , 94 712 2 4,34 46,0 17,2 56,8 28,6I64 9'104 5 ,16 II,7 
2 ,07 15,5 19,33 2 ,97 5,93 8 ,12 31 , 1 5 ,24 7 , 49 17, 2 II3 II2 

-1 12 ,30 4, 04 5 , 58 5 ,87 67,1 5 ,47 6 ,65 20,3 84,5146 19,81 38 ,5 
3 , OB 3 ,69 2 4, 0 29 ,8 5 ,2,44 4 , 70 44,0 60 , 0 8 , 93 6,35 7 , 12 II ,8 

6 	 2, II 2 ,48 3, 49 19 , 6 25 ,2 63,3 68 ,65,78 5,50 8,83 14 , 0 6, 33 
2,49 3, 49 5,75 62 ,0 7 12,II 19, 6125, 2 68,2 5,52 6 ,31 8,86 14,0 

8 58 ,2 67,919 ,2 125 , 1 
2,40 3 ,35 5 , 42 22 ,2 28,19 2 , 66 50 ,9 67,0 6 ,10 13,5 

10 2,24 2, 55 3 , 57 6'8~18 ' 71 13,45 ,64 18,7 24, 9 59,4 5, '10 6,52 9 ,26G4, 1 
II 18 , 4 24,7 58 , 5 64,0 
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cor::::: 

np~H~Mae T C A n OAnHCKa Ha npe npHHT~ H Coo6~€HHA 06D€ AHH€ HHOrO HHCTHTyTa 
AA€ P H~X HC Cn€AOBaHH~. 

YcraHoeneHa cneAy~~aA CTOHMOCTb no AnH CKH Ha 12 MecR~e e Ha H3A8HHR OHRH, 
BKn~~aR ne pe c~nKy, no OTA € 1lbH~M T€ Md TH4€ CKHM KdT€fOPHAM: 

HHAEKC TEMATHKA 

1. 3KcnepHM€HTanbHd R ~H3HKa B~COKHX 3HeprHH 

2. Teope TH4ecKaA ¢H3HKa e~COKHX 3HeprH~ 

3. 3KcnepHM€HTdllbHdR H€HTpOHHdR $H3HKa 

4 . TeopeTH4eCKaA ¢H3HKa HH3KHX 3HeprH~ 

5. MareMaTHKa 

6. RAe pHaA cne Krpoc KonHA H paAHOXHMHA 

] . ¢H3HKa TR~e ll~ X HOHOB 

8. KpHo reHHK a 

9. Yc t<o pHrenH 

10. Aer oMarHa a ~HR o6 p a6oT KH 3 Kcne pHMe HT dllb H~ x 
Ad H H~ X 

11. B bi4HC ilH T e llbHd R MaTeMa H 1Ka H r exH 1-1t< a 

12. X~-tMI-IR 

13. Tex HHKa ¢H3~-t4eC Ko ro 3 K cnep~MeH T a 

14. HccneAO BaH~-tR re e pA~x r en H *~A KOc r e~ 
~AepH~MH Me TOABMH 

15. 3Kc nep~M€HTdDbHd ~ ¢ 1-1 3 ~-tK a ~A€ P H ~ X pe aK4H~ 
n p~-t HH3KI-1X 3H e prH~X 

16 , no3~M€ Tpl-1~ ~ ¢ 1-131-tK d 30~1-tT~ 

17 . T eop~-t~ K O HA €HC~pO B d H HOro COC T O ~ H H~ 

18 . H c nonbJoea H~-t c pe 3ynbr a r o e ~ Me TOAOB 

¢YHAd M€HTdnbH~X ¢H3~-t~eC K~ X H CC D €AO B dH ~~ 
B CMe*H~X 0 6D dC TA X HdyKH ~ T €XH HK~ 

19. 6~0$~3~Ka 

UeHa noAnHCKH 

H~ 

10 p. So Kon. 

1 7 p, SO KOn. 

4 p, So Kon. 

S p , So Kon. 

p, So Kon . 

4 p , SO Kon. 

p, S5 KOn , 
---

2 p, S5 KOn , 

p. So Ko n . 

7 p . So Ko n. 

6 p. So Ke>n . 

p , 70 KOn . 

s p , SO KO n. 

1 p , ]0 KOn. 
---

p, 50 KOn, 

p , 90 Ko n. 
------
6 p, Bo Kon . 

2 p, 35 Ko n. 

----
1 p , 20 KO n . 

0 0 An HCKa MO* € T 6~Tb 0¢0 pMn CHd C n~60r0 Me CR4d l C K y~ P ro r OAd . 

no see M eonpoc aM o¢o pMnCHHR noAn~ c K~ cncay~ T oCp~~~ Tb C R a ~JAa T cn b C K~~ 
OTAen OHRH no aApecy: 101000 Moc Ks a . rnae nn "lT n Mn T . n / R 79 . 
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Ac T~no8 A. A. ~ AP· P5-85-492 
4~CileHHbl.:; aHall~3 po6aCT HbiX per peCC~OHHbiX MeTOA08 

Pa6o Ta noc8A~eHa po6ac THbiM oue HKaM napaMeTp08 n~He.::.Ho.:; perpecc~~. 
Uenb pa6oTbl cocTo~T 8 4~cneHHOM aHall~3e ~ MOA~$~Kau~~ AaHHblx oue HoK AllA 
MOAene.::., 6n~3K~x K 3aAa4aM pacno3HaBaH~A Tpe K08 4aCT~4 . /:lilA cny4aA noAane
H~~ T04e K pa36alla HC~pOBK~ ~peAilO~eH cneu~allbHbl.:; MeTOA CTb~AeHT~3a4~~ BeK
TOpa OGTa·TKOB ~ npo8eAeHO TeopeT~4eC KOe ~ Ka4eCTBeHHO-rpa¢~4eCKOe ~CCile

AOB aH~e 3TOro MeTOAa. Pe3yllbTaTbl MOHTe - Ka pnoacK~x o ueHOI< 4~cneHHbiX xapaK
Tep~ c T~K po6aCTHbiX MeTOA08 AllA pa311~4HbiX MOAene.::. CBeAeHbl 8 Ta61l~UY· np~8e

AeH PAA npaKT~4ecK~x peKoMeHAau~.::. AllA ~ cnonb30BaH~A po6acTHbiX perpecc~OHHbl 

MeTOA08 8 Maccoao.:; o6pa6oTKe 3Kcnep~MeHTallbHblx AaHHbiX. 

Pa6oTa BblnOilHeHa 8 na6opa To p~~ 8bi4~Cil~TellbHO .:; TeXH~K~ ~ a8TOMaT~3au~~ 

Of1iH1 

Coo6meHHe OO~eAHHeHHOro HHCTHTyTa RAep~X HCCileA08aHHA , ):ly0Ha 1985 

nepe80A O . C . B~HOrpaA0 8 0.:; 

Astapov A. A. et al P5- 85-492 
Numeri cal Analysi s of Ro bust Regression Me thods 

Th e robust estimates of I inear r egre ssion pa ramet e r s ar e cons idered . 
Numeric.al analysi s of the s e methods and t he ir modifica t ions fo r the p robl ems 
of particle track r econgition have been pe rformed. For the ca ses when dis
balance points c a n a ppear a speci a l method o f s tu dent iz i ng of r es idual vec 
tor is proposed. Th is method is investigated by theoret ical a nd gr a ph ical 
means. The numer ica l characterist ics of the methods obtained by the Monte
-Carlo simulation in various models ar e summarize d i~ tabl e s.Some recomme n
dations for using robust regression me thods in the mass data processing 
are given . 

The investi gation has been per f ormed at the Laboratory o f Computing 
Techniques and Automation, JINR 
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