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BBeAeHHe 

MHTepeC K npOne~paM p06aCTHO~ (nOMeXOYCTO~~HBO~) nO~rOHRH 

3KcnepHMeHTaRbHHX ~aHHNX napaMeTpwqeCKHMH KpHBHMH OrpOMeH. OTHOmeHHe 

K 3rHM npOne~aM OXBaT&BaeT mHpOKH~ ~HanaSoH, Ha~HHa& C oCTopomHoro 

OnTHMHSMa, ~ero OT HHX HeKOTOpOrO y~y~eHHH Ra~eCTBa OneHOR, H 

KOH~aH caMHM 6eCKOMnpOMHCCH&M 3KCTpeMHSMOM, 06õflBRflID~HM MeTDA HaH

MeHbmHX KBa~paTOB (~.H.K.) ne~aRbHHM sa6R~eHHeM H npHsuBa~HM K 
oTKasy OT Hero7I, 2/ . 

~cTHHa, nO-BH~HMOMY, COCTOHT B TOM, ~TO OCHOBOA MaCCOBoA o6pa

60TKH ~8HHYX 6~, eCTb H 6y~eT M.H.K.; ~~HaKO B Tex CR~aRX, Kor~a 

OH B npHHn~ne He Mo~eT ~aTb npHeMneMoA TO~OCTK, paSyMeeTCfl, Heo6xo

~HM no BOSMOMMOCTH aBTOMaTK~eCKHA nepexo~ K po6aCTHNM npOne~paM. 

MMeHHO Tpe60BaHHe TaKO~ COBMeCTKMOCTH H 6~o OCHOBHNM K nporpaMMe 

ROLSM : npa o6pa6oTKe "HOpMaRb~" ~aHHHX ~OR~Ha ~eAcTBoBaTb no~

rOHKa B CMNcne KBa~aTgqHOA MeTpHKH, a npH o6pa6oTKe "sacopeHHUX" 

~8HHHX - aBToMaTH~eCKHB~qaTbCRpo6acTHafl no~rOHKa. ITpH 3TOM AO~

Ha B~nORHHTbCH MaKCHMaRbHafl COBMeCTHMOCrh KpHTepKeB H KOHneITQHA 

npOBepKH rHnOTes, KOHTpORH MHHHMH3anHH, omH6oK OneHOK napaMeTpOB 

H T.A. 

§ l. Po6aCTHOCTb B aHaRHSe perpeccHA 

B ~aRbHe~eM 6YAeT HcnORbSOBaTbCfl ~eTepMHHHCTCKafl TpaKTOBKa 

perpeccHA, H3Ro~eHHafl B/31 H HBRfl~~aflCfl 6o~ee o6~eA, ~eM CTaT~CTH
~eCKafl. C ee TO~KH speHHfl, norpemHOCTb ~aH~, cn~aAHoro HRH He

cR~aAHoro npOMcxo~eHHfl, xapaKTepH3yeTcR HOpMoA, a "Bu6pocaMH" 

HBnHIDTCH norpemHOCTH, flBHO npeBocxoA~e no aMnRHTy~e O~H~aeMYD 

Mfl~X~p~. 

TpaAKnHOHHoe HSRo~eHHe nOHRTHR po6aCTHOCTM 06~HO onHpaeTCfl Ha 

TaKoA ~KT: nOCRe~OBaTeRbHOCTb nnOTHOCTeA ~yHKnHA pacnpe~eReHHfl c 

nnoxo HHTerpHpyeMHMH "XBOCTaMH" Mo~eT 6&Tb CKORb yro~Ho 6RHSKOA K 

HOpMaRbHOA nROTHOCTH B CMHCRe c -MeTpHKH, o~aKO M.H.K.-OneHKH 

napaMeTpOB no COOTBeTCTBYD~HM'B~60pKaM MorYT CKORb yroAHO CHnbHO OT

RH~aTbCH OT HCTHHHNX SHa~eHHA. ~fl perpeccHA T8KaH CHTyanHfl HexapaK

TepH8. B perpeCCHOHHOM aHaRH3e nOMeXOHeYCToAqHBOCTb npOflBRfleTCfl B 

HeaAeKBaTHO CHRbHOA peaKnHH M.H.K.-OneHOK napaMeTpOB perpeccHA Ha 

HSORHpOBSHHue "Bu6poc~". Oco6eHHO Harnfl~O 3TO rrpOHBRfleTCfl npH aHa

..., ,. e~.. 
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JUiSe HemiHe~HbIX perpeccan, HO
J 

XOTíI H: B MeHbme« CTeneHH, HMeeT MeCTO 

H g~íI perpeCCH~ ~HHe~HbIX. 

HeYCTO~~HBOCTb O~eHOK napaMeTpOB perpeCCH:~ K "BH6pOCaM" MO~HO 

npOH~~IDCTpHpOBaTb T8KHM npHMepOM. ITYCTb y i =c +e j 1 j= i, ... ,m 

fTyCTb lI e j lf = é. jrf1, 8 lI e d , d»€. IJyCTb111:=: 
naxee KOHKpeTHOe H:SMepeHHe nano g8HHbIe Yj = c - é , j rf 1 H 

Y1 = c s-d , d» <5 m • EC~H npa M.H. x, -aH8~HSe T8KHX g8HHbIX MH 6y

~eM HCXO~HTb HS npe~nO~O~eHHíI, ~TO HOpM8 nOrpernHOCTH BeS~e O~HHaKOBa 

H paBH8 e ,TO M.H.Ko.-o~eHK8 napaMeTpa c , onpe~e~íIeMafl HS YC~OBHíI 
",,1 ,,2 ~ 

MHHHMYMa BHp~eHHíI ~ --2 (Yl.'-c) uygeT p8BHa
J € ~ 

ê=c - m-1 e+ .lei . (I:n
m m 

3Ta norpemaocrs 6ygeT Be~HKa (no cp8BHeHHIO c E ), H eC~H d=N€. H 

N »m J TO OHa npH6~H)j{eHHO 6ygeT pasaa Né Im. HCnOJIbSOBeHHe, 

HanpHMep, MeTpHKH Mogy~e~ nOSBO~íIeT B~paBKTb CHTYa~HID, A~e eC~H: He 

npasxexaorca HHKaKHe ~OnO~HHTe~bHhTe CBe~eHHfl O c. )J,etfcTBHTe~bHO, 
~ 1 I " ,.. ,MHHKMYM T e Y -c nocvar-aerca ITpH c=c- é H: npa E - o c -+ C 

npH ~1060M nOBegeHHH d. O~HaKO nepexo~ K MeTpHKe Mogy~e~ B 06~eM 

c~~ae CBíIsaH c nOTepeM S~eKTH:BHOCTH oueHHBaHHíI, ~aK KaK norpemHOCTM: 

ouexox B 3TOM cnyuae 60~bme, ~eM norpenxocra M.Ho.K.-o~eHOK,.K'pOM8 Toro, 

MeTpllKa MO~~8ll ~a8T YCTOnqaBUe o~eHKH TaHDRO Tor~a,Ror~a. B ~aHHHX 

eCTb íIpKO B~~eHHoe "60~bmHHCTBO", onpege~fllO~ee XOA ~HHHH perpec

CHH. Ec~H ~e "ronoca pas~e~íIIOTCíI",MH:HHMHS~KíIB MeTpHKe Mo~~eR CTa

HOBHTCíI HeYCTO~H:BO« (VH:c.I). 
CK8S8HHoe OTHOCHTCíI H K TaKHM MO~H~HK~HíIM MeTp~KH Mo~~e~, KaK 

MeTpHKa XblO6epa K ~yrH8: MeTO~HKH o~eHHBaHHíI nap8MeTpOB, OCHOBaHHHe 

Ha HX HcnonbSOBaHHH, OKaSHBalOTCíI H8ROHKYp8HTOCrrOCOÓHHMH no cpaBHeHH:ID 

c HaHMeHbillHMH KBagpaTaMM: )T,Jl,f! "HOpMaJIDHHX" ,IJ;aHHbIX; B CJI~ae ze "saco

peHHbIX" ~aHHHX IDe 3~eRTHBHOCT:D CHWKa8TCH as-sa CyIIt8CTBOBa.nIDI .60JI88 
HJIK MeHee OT~8)KeHHb1X MeTO~HK npe~BapKTe~bHoro YCTpaHeHH:R "Bb16pocOB" 

HS, A8HHb1X. CJIegyeT SaMeTHTb, ~TO 3~eKTHBHOCTb M.H.K.-o~eHKH pe3KO 

Bospac1aeT, eC~K Beca (o6paTHO nponopUHOHa~bHb1e KB~paTaM HOpM) B 

M.H.K.-nponegype YKasaHH BepHOo. )J,IDKe ecnH no-npemHeMY norpemHOCTb 

1 o 

2
"Bb16poca"d BeJIHKa,HO B 'Ka~eCTBe Beca B TO~Ke Y1 BSflTa BeJIH~HHa 1!d , 

TO Mo.Ho.K.-o~eHKa ê 6YAeT paaaa: 

2d-(m-1)éd 2ê=c + é (1.2) 
2E +(m-1)d 2 

• 

Ec~H, d r- Nê. ,TO norpemrocrs 3TO« o~eHKH 6y,rr.eT npH6~HmeHHO pasna 
_d__ _ E: K B !! paa MeHbme, ~eM norpennocra (I. I) • 

(m-1 )N2 m 

2 

PHco.1.

CHTY8QH~: HeT "6~JIbmHHCTBa"; 

JID6afl npflMQff JIHHHfl, npoxo~fl

- - -'--.- .. - - ....- - -'-"'.-- ~aH 14~ BepXHHMR H HMJltHHMH 

TOqHa~, ~se~ O~HHaKQBHR MHHH

MYM CyYMS MO~JIe~ OT~OHeHHR,MI{l( a. TO 'BpeMJt- KSK M.H..Ko.-OQeHK8 

npOXO~HT eAKHcTBeH~ OÓpa30M 
no HCTHHHQR JIHHHHo. 

I""-~.---.,.--.-----.-- __ 

+ + 

.1' + 

PKco.2. 

Cp'$B.HeHHe pe3YJIbT8TOB M,H.K.-nOArOHKH (cneBa) H p06SCTHO~ (cnpa
~,;>~c:.-r'J ~1.A,1~ ",o1.lC(lol'.-'JJ 

B8). ~kBMk 0603HaQelfH HCXo~e ~a~e, ~~H -no~orHSH~e. 
ITôrpemHOCTH nSpaMeTpoB, npe~cTaBnHD~KX HHTepec (pa3HOCTH M~ HKMH 

H HC:'l'HHHIlMH 3HàQeHHm.tH)] OK838JIHCb Hue B cnyqae p06aCTHo~'rro,!(rOJ{KH 
no cpaBHeHHD c M.R.K. B 2-4 pasa. 
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3T0 nO~CKa3~BaeT nyTb, no KOTOpOMY c~e~yeT M~TH, ~T06~ perynRpH

3HpOBaTb 3a~a~y oúeHHBaHHR: HcnO~b3YR anpHopHyro HH~pMa~Hro o ~HHHH 

perpeCCHH, CTpOHTb Beca B M.H.K.-npo~e~pe)MaKCHManbHO ~eKBaTH~e 

pea~bHMM. B nonb3Y TaKorono~xo~a rDBopHT ~e O~HO 06CTORTe~bCTBo. 

B ~HTepaType, npH BBe~eHHH nOHRTHR HeYCTO~~HBOCTH o~eHOK K nOMexaM, 

Mo,e~D ~OpMHpOBàHHfl norpernHOCTe~ H3~araeTCR 06~~HO TaK (cM.,HanpHM~, 

/2 .): HMeeTCR OCHOBHaR"nOrpemHOCTb 8 1 ,nO~~HHeHHaR pacnpe~e~eHHro 
N (0,6). H "saõpoc" Cz ,: nO~~HHeHHhI~ pacnpeneneaan N (O,k6 )';" 

pe3Y~bTHPY1O~áJt norp'eIIIHOCTb paBHHeT{:R ~H60 e, , JIH60 ê z , H HMeeT 

B CH~Y SToro HeraYCCOBO pacnpe~~~eHHe. B pe~bHHX 3aga~ax, O~HaKO, 

Me~aHH3M ~OpMHpOBaHHR norpernHOCTe~ o~eHb ~ac~o ijOCHT a~HTHBH~~ 

xapaKTep H He CJIe.rr.yeT ~orHKe "HJIH-HJIH". OKOH~aTe~bHaR norpemHOCTb 

pasna ~H60 8 1 , JIH60 é 1 + é2 , H B 060MX cnynaax HMeeT MeCTO raYCCOBO 

pacnpe~e~eHHe, HO c paSHHMH ~CnepCRRMH. 

§ 2.	 P06acTHocTb KaK pe3Y~bTaT KoppeKTHpoBKH BeCOB 

B ~a~bHe~eM 60~billHe 6YKBhI 6y.rr.yT 0603Ha~aTb MaTpH~~ H BeRTOpu, 

Ma~eHbKHe - HX 3~eMeHThI. VITaK, nyCTb ~aHbI Y. - HaqaJIbH~e ~aHHble 
J 

j=1, .. ,rn,f(X , P )- Mo~e~b perpeccaa , i=1, ... ,n ,Ej - norpem
i i 

HOCTH ~aHHbIX Yi, HMeID~He HOpMhI Dj , H BeKTOp anpHopH~ OneHOR 

(nOMexOYCTO~~HB@X) Poi 

~opMHpyeM Beca AHR nponeAYPhI MHHHMH3anHH C~e~YIO~HM 06pa30M. 

0603HaQHM. H.= f Y. -f (X.,P ,) 1 /D. I1yCTb .nanee ,JJ.aH~ ROH
J l.. J J 01 j J.
 

CTaHTbI c H B ,xapa~TepH3YIO~He CTeneHb ~OCTOBepHOCTH anpHopHbIX
 

OIleHOR Poi H xapaxrep HX BJ11.1:RHHR aa Beca. Tor~a Beca w. 6Y~T 

[
J 

paBHbI4 
1/D~ , E1CJIH I Hj I ~ c

J 

W, = (2.1) 
) 1 + B , HHatre

1 2	 ' )(2(H.) +B)D~ 
c J J 

nanee p06aCTHaR oneHKa napaMeTpOBP i ~eTCR ~H60 H3 YC~OBKR MHHH

MYMa 
m

Lo W. 5y . - f (x . , p , ) } 2 (2.2)
j=1 J ~ 1 J 1 

~H60, eC~H Hcno~b3yeTcR HTepa~HOH~~ npOnecc, H3 YC~OBHR MHHHMYMa 
m

(2.3)'L W.<kJ y , - f (X , , P . ) } 2 , .

j=1 J 'l J J 1
 

rne	 ~j (k) 3aBHCRT OT aoxepa HTep~HH k H nepeC'QHTbIBa1DTCR no Ilx>P
MY~aM (2.1) na RSJlAO~ k -~ HTepa~HH. B RaqeCTBe P,10 6epeTcH 3Ha~e

HHe P i Ha npe~~e~ HTepa~HH. K03~H~HeHT c xapaRTepH~yeT anpH

4 

'\ 

OPHYro o~eHRY 06~acTH ~03MO~@X ~Ha~eHH~ Be~HtrHH Hj , H BCJIH ~~nO~HH

eTCH I Hj·l~c ~JIR acex j ,TO o~e~KH (2.21 H (2.3) RB~RroTCR 

06bNHblMH M. H.K. -OneHRaMH; ~JIR rex j , B K-0TOpbIX 1H j ~ :> c ,np0I1CX0

~HT nepecver HOpM D j npH6~H3HTe.lIbHO B Hj /c paa. 1\03~HnMeH:T 

~ HB~ReTCR ynpaB~Rro~HM; OH perY~HpyeT CTeTIeHb ~e~CTBHR 3Toro ueX8

HH3MS nepecvera HOpM: npa B=O ero ;Ite~C-'l'BHe MaRCHMa~bHO., npa 11= 00 

RepeCq~T He pa60TaeT Bo06~eJH MHHHMYM {2.2) M (2.3) He3aBHCHMO .OT 

3HaqeHH~ Hj~aeT 06~HbIe M.H.K.-oueaKH. MeTpHRH (2.2) H i2.3) RB~R
IOTCR B cnyuae CXq~HMOCTH npouecc~ MHHHMH3aqHH Orpam1u.eHHbIMH, VI npa 

2•
Hj --- 00 -H,e npeaocxonar CYJIleCTBeHHO rn ( 1+B~ c .
 

Ha~HeM paCCMOTpeHHe co C~traR ~HHe~HO~ perpeCC~H. nyCTb
 

Y .=F. ,P. +E. j=1, .•• ,rn; i=1, ... ,n	 (2.4)
J J1 1 J 

H nyCTb /I E·II = D: • 
~ ~ 3 .
 
~opMHpyeM ~HarOHa~bHyro BeCOByro MaTpH~y W
 

= \1 /D~ , npa i=jW, . J (2.5) 
. 1J O, HHatre 

'I'orna M.H~K -.-ouenxa p ,HaXO~HMaR H3 YC~OBHR MHHHMYMa (2.2). passa 

P=(F'WF)-1 F,WY. ~2.6) 

flyCTb ~aHHJ:de y Co~êP'KaT "suõpoca", By~eM pa3JIH~aTb TpH aapaaara 
M.H.R.-OneHOR: 

I) qHcTaR, Hepo6acTHaR, M.H.K.-oueHRa, COC~HTaHHaR no ~PMyne 

(2.6)	 npH Becax (2.5); 
2} Po6ac~HaR M.H.K.-oneHKa, COCtrMTaHHaR npH anpHopHo~ oueHKe 

Po H secax (2. I), 13 ( + 00 H ,II,OnO~HHTe~bHOM YC~OBHH, qTO Po H 

ROHCTaHTa c BbI6paHbI HaCTO~bKO y~atrHO, U.TO "BbI6POChI" H~eHTH~HnHpOBa

HbI npaBH~bHO; 

" 3) OTKJIOHeHHe H. paBHO
J . 

I Y.-FP I = Iy ,-FP+FP-FP Irv (D.+ II FP-FP I ) 
J o J o J o· 

Ecna ~ FP-FP0 11 BeJIHRa, H~.H c cmmmOM MMa, TO aexoropse TOU.RH 

MorYT 6bITb omH60u.HO H~eHTH~HnHpOBmibI RaK "BbI6poCbI". il03TOM,Y BBe~eM B 

paCCMOTpeHMe H rpe-rsn, p06aCTHYIO M.li .'R. -oneaxy, 'HO COClUiT~HHYJO npx 

'HeKOTOpbIX 3Hau.eHHRx ~8HHbIX, omH60~HO 06'bRBJIeHHblX "Bbt6p oc awr"ft . 

MbI Mo~eM npe~CTaBHTb MaTpHny W B CJIe~~eM BH~e: 

W=IJ+V 

rne u -"}ICTHHHElH" EeCOBaR MaTpHna, a v 

I) B nepBoM cnyqae, ~~R j "BbI6poCOB": 
2 2 

Vj j=1/Dj - 1/Dj RCT.	 (2.7) 

'5 



I" 

2) BO BTOpOM cnyxae , ,IJ,JIfl j "Bbl6poCOB" npaaoyrcnsaaa MaTpHUa H U1 > U ' TO UF I U FII > /f-F' U2F /l.2 1

1+13 1 , (2 8)v.. H - -2- • 
JJ {. ~ 2 D 

+13 1Dj 

3) B Tpe-TbeM cnyvae v j j 6Y,IJ,eT C'tiHT8TbCfl no tfJoPMYJIaM (.2.8) TEl.IOlte H ,IJ,JIfl 
~ jHCT~ 

HeKOTOpNX j, B KOTOpblX "BH6poCOB" HeT, H no 

~eHHHX RCTHHHbIX "B~6pocoB". B OCTaJIbHblX j 

D j -HC'rHHH8fl aopsa nor-penmoc-ra B rovxe 
C ytIeTOM CKasaHHoro MbI MOMeM nepenHcaTb 

P=(FUF + F'VF)-l (F'UY + F'VY). 

eT "HCTHHHO~" M.H.lé~-oueHKH (F'UF)-1 F,UY HCT• 

tfJ0PMYJI8M (2.7) "~fl npo

Bce VjjpaBHH HYJIID. 3,IJ,eCb 

j HCT •. 
(2.6) B T8KOM BH,IJ,e: 

(2.9) 

OHa 6Y,IJ,eT OTJIR'tiaTbCfl 

HCK~8ID~HMH JIHHeMH~ F'VY H HeJIHHeMH~ F'VF tfJaKTopaMH, HOpM8 

KOTOpbIX 6Y,IJ,eT TeM MeHbme, 'tieM MeHbme Hop~a MaTpHUblV , T.e. 'tieM MeHb

me paSHOCTH 1/D.
2

H 1/D
2 
I • 

. J JHCT.
 
3anHcb (2.9) ,IJ,OnycKaeT 60JIee HarJIfl,IJ,Hoe npe,IJ,CTaB~eHHe B CJIeAYID~eM
 

B~HOM 'tiaCTHOM CJIytIae. 060SHa'tiHM FtUF=M, FUY=B. QyCTb BblnO.JIHR~TCfl 

YCJIOBHfl ~ 

I) anpHopHafl oueHKa P H ROHCTaHTa c BH6paHN HaCTOJIbKO xopomo,o 
'tiTO "Bbl6pocbI" H "HopMaJIbRble ,IJ,aHHble" H,IJ,eHTHtfJHll,HpOBaHbI npaBHJIbHO; 

2) MaTpRll,a M ,IJ,OCTaTO'tiHO xopomo 06ycJIoBJIeHa, HopMa MaTpHUbI nonpa

BOK K )1,HCnepCHflM (2.8) .,IJ,OCTaTO'tiHO Mana H KOHCTaHTa 13 Bbl6paH& Y,IJ,OB
•JleTBOpHTeJIbHO, TaK 'tiTO MHHHMaJIbHOe c06CTBeHHoe SHa'tieHHe MaTpHUblM
 

60Jlbme MaRCHM8JIbHOrO c06cTBeHHoro SHa'tieHHfl MaTpHll,bI F'VF.
 

Tor,IJ,s OTBeT Ha Bonpoc o npeH~eCTBax p06acTHo~ M.H.R.-oueHKH nepe,IJ,
 

Hep06acTHo~ ,n;aeT HIDtteCJIemno~afl
 

TeopeMa. TIpH BblnOJlHeHHH YCJIOBHA 1,2 HopMa norpemHOCTH p06acTHo~
 

M.H.K.-oueHKH CTporo MeHbme HOpMbT norpemHocTH Hep06acTHoA M.H.K.


oueHKH.
 
nOKaSaTeJIbCTBo. TaK KaK MHHHMaJIbHOe c06cTBeHHoe SHa'tieHHe MaTpRll,bI M
 

60Jlbme, 'tieM MaKCHMaJIbHOe c06cTBeHHoe 3Ha'tieHHe MaTpHUbI F'VF , TO
 
e~KJIH,IJ,OB8 HOpM8 MaTpHll,bI M-1 (F'VF) 6Y,IJ,eT MeHbme e,IJ,HHHUbI. 0603Ha'tiHM
 

-1
R=M (F'VF)H nepenHmeM (2.9) B CJle)1,YID~eM BH,IJ,e: 

" P=M-1 B + G(Y) r,IJ,e 

G(Y)=SM- 1B+(I+S)M-1 (F'VY) (2.10)a S= f:,(-1) nRn _ 
n=l 

TIorpemHOCTb oneaxa P 6Y,IJ,eT HMeTb K8K CTaTHCTR'tieCKytl KOMllOH9HTY, 
-1 .

saBHCHII\YlO OT M F' UE H G(E) ,TaK H CHCTeMaTH'tieCRyro, passyo 

G(P HC~. H, TaKHM 06pasOM, OT norpemtocreã ,IJ,aHHNX Ej ae saaaca

~. 113 BH,IJ,8 (2.10) CJIe.n;yeT, 'tiTO HOpMH 3TH~ o6eax norpemHocTeR 6YAYT 
nponopnaoaansna aopae M8TpHUbl F' VF , roxaee, aopse ee HeHYJIeBOrO 6JIO
KR. )J.OKBJlteM JIeMMY: eCJIH U1 H U2 - )1,HarOHaJIbHble M8TpHQb!, a F 

)J.eACTBHTeJIbHO, )1,JIfl npOH3BOJIbHOf'O- sereropa x HMeeM 

(F' (Ul-U2) FX,X) = ((Ul-U2}FX,FX) > o g.JIfl /IFXI! =1 

OTRY,IJ,a CJIe,IJ,YeT YTBepm,IJ,eHHe JIeMMbI. 
j, CpaBHHB (2.7) H (2.8), BH,IJ,HM, 'tiTO BO scex j "BhI6pocoB-" ,IJ,HarOHaJIbHhIe 

3JIeMeHTbl MaTpHll,hI BeCOBbIX nonpaBoK ,IJ,JIfl Hep06acTHo~ M.R.K.-OUeHKH 

6YlJYT crporo 60.11bme no a6coJIioTHofl BeJIH'tiHHe, 'tieM TaKHe 71Ce 3JIeMeHThI 

)1,.JIfl CJIY'tiafl p06acTHott M.H.K.-oueHKH. A oTcID,IJ,a HeTpY,IJ,Ho BhIBeCTH, 'tiTO ~ 
~ cYMMapHafl HOpM8 norpemHocTH Hep06acTHott M.H.K.-oueHKH 6Y,IJ,eT cTporo
{ 

60JIbme, 'tieM norpemHocTH p06acTHo~ M.H.K.-oueHKH. TeopeMa ,IJ,OKasaHa. 

B OCTaJIbHHX CJIytIaflx npHXO,IJ,HTCR npH6eraTb K 'tiHCJIeHHoMY MO,IJ,eJIH

pOBaHHID. OHO nOKasano, 'tiTO K8'tieCTBa p06acTHoA M.H.K.-oueHKH CHJIbHO 

3aBHCfl~ OT C.JIelJYID~Hx tfJaRTopoB: 

I) Ka'tieCTBO anpHopHo~ OUeHKH Po ; B 'tiaCTHOCTH, OHa CaMa ,IJ,O.JI7ICHa 

6b1Tb p06acTHo~; 

2) Bbl60p KO~âtlIU_~__H CBflsaHHaR C 3THM Ha,IJ,emHOCTb H,IJ,eHTHtfJHKa

UHH " Bbl6pocoB " ; upeaxepaoe aassmeaae c M07ICeT npaaecra K nponycxy 
" BhI6pocoB" , 'tipeSMepHoe S8HH~eHHe - K 06õflBJIeHHID "BhI6poC8MH" "HOpMaJIb

HbIX" SHa'tieHHA; 

3) Bbl60p KOHcTaHTbl 13 ; Y'le npa B~l (C >,..1 ) M.H.K.-oueHKa 

Ha'tiHHaeT TepflTb podâcTHOCTb; B TO Me BpeMfl HeJIbSfl 6paTb H 13=0 , 

TaK KaK npH 3TOM onpe,IJ,eJIeHHO Ha'tiHHaeT TepflTbCfl 3~eKTH~HOCTb npH 
06pa60TKe ,IJ,aHHbIX 6es "Bbl6pocoB". 

Bce 3TO corJIÂcy,eTcfl C pesYJIbTaTaMH 'tiHCJleHHOrO aHaJIHSa H ~HX 

po6acTHbIX MeTO,IJ,OB I. B HeJIHHe~HOM CJI~ae, "KaK 06b1'tiHo, CTpOHTCfl 

HTepaUHoHHafl npouenypa, 11TepauMoHH~ npouecc ,IJ,aeT TO rrpeJ.u~~eCTBO, 

'tiTO-MOMHO étrnTaTb anpHopHoA oueHKY napaMeTpOB Ha npe,IJ,~e~ HTepall,HH 

M YTO'tiHflTb ee B npouecce nO,IJ,rOHKH. . . 
§ 3. A.rrropHTM H OnHCaHHe nporpaMMbI ROLSM 

HT8K, MHHHMHSMPyeMo~ BeJIM'tiHHO~flBJIfleTCfl BblpaMeHHe 
m n • 

F(X,y,P)=L.Wj (y(Xj)-f(X . ,P) ~2+c:XL.. r .. (p.-p. 1 (p.-p. ) (3.1)
j=l t J i,j=l lJ 1. la J j a 

npH OrpaHHtieHHflX 

PH~Pi~Piu , {3.2) 

r,IJ,e Bce wj Bbl'tiHCJIRIDTCfl no ~PMYJIe (2.5), a 2-~ 'tiJIeH B (3.1) (THXO

HODCKH~ perYJIflpMSaTop) BBe,IJ,eH )1,.JIfl 60JIbmeR YHHBepCaJIbHOCTH nporpaMMbl 

H no MeJIaHH~ MOMe~ HCnOJIbSOBaTbCfl B Tex CJIyqaHx, KOr,IJ,a M.H.K.-MaTpHuaJ nJIOXO 06YCJIOBJIeH8 H HYMH8 THXOHOBCKafl peryJIflpHS8UHfl 3a,IJ,a'tiH/5/ . B 
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3TOM .cJIyqae BeKTOp Pa -BeKTOp .anpaopnoâ Ó~eHKH napauerpoa, 'R-1 J 
MaTpHna anpaopaux KOBapHa~~ 3THX oneaox , ot. -rtapaeerp perynapaaanaa. 
ECJIH o( =0 ,peT'YJIRpHaaqmr ae HCrrOJlb3yeTCfI. 

CaM npouecc MHHHMHaamm {3. I) CirpOHTCR la,. 3a OCHOBY ÓbUI BaRT 
aJIrOpHTM, peaJIH30BaHH~~ B npor~aMMe FUMILI 6. OH ÓHJI ~OnOJIHeH 
TaK1WH,_.,~~p'~ãMH {nOMHMO ynONlRHjTõfrpe;rYJIRpH3allHH H poóãCTHõêT~' K8K : 
.._-_.,~Í) ~Mn<IJHpOBaHHe M.H. K. -MaTpYIIJ;~, r . e. HCKYCCTBeHHoe nosmreaae 

ee oóyc,JIOBJIeHHOCTH /7/; . 
2) npoeKTHpoBaHHe npoMe~YTOqHhIX 3HaqeHHn HCKOMhIX napaMeTpoB Ha 

)\BYCTopoHHHe orpaH~eHHR (3.2); 

3) B03MO~HOCTb HCnOJIbaDBaTb 2-e npoH3Bo~H~e ,RaK ~JIR YCHJIeHHR
 

HbIDTOHOBCKoro xapaKTepa MHHHMHaaUHH, TaK H ~JIR npOBepKH M.H.K.

MaTpHU~ Ha nOJIO~HTeJIbHyro 0npe~eJIeHHOCTb, 

H HeKOTOpMMH ~YrHMH. 

MHHHMH3a~HR OC~eCTBJIReTCR B 2 C~~HH: 

I) cxavana nponecc I'aycca-Hsnrcaa (c HCnOJIb30BaHHeM nepssx npo

H3BO~HHX no napaMeTpaM) JIH60 ~JIR perneHHR perYJIRpH30BaHHOn 38AaqH 

~cXio ), JIH60 c ~eMntfJHpOBal'UfeM M.H.K.-MaTpHU~ (<X~O J; 
2) 3aTeM (eCJIH eCTb B03MO~HOCTb ~~HCJIRTb BTop~e npOH3Bo~~e 

no napaMeTpaM') nponecc' HbIDToHa. 

B OÓOHX npou;eccax npOMe~YTOqH~e 3HaqeHHR napáMeTpoB P npoeKTHpyroTCR 
Ha C~MI1JIeKC (3.2): 

BCJIMPi' P H f:. P i ~ P Lu 

Pie'	 eCJIVI PH>P i.~ ={ 
eCJIVIP i u ' P i u < -. 

~eMn~HpOBaHHe M.H.K.-MaTpHll~ -COCTOHT B YMHomeHHH ee HeHYJIeBhIX;~H8ro

HaJIbH~, 3JIeMeHTOB lia BeJIKqHHY ( 1 + do. ), H aaueae HYJIeBb1X xa BeJIHtl~HY 

ol. ,r~e eX - cpaKTOp AeMn~HpOBaHHR/? /. 
~O~HNMH BeJIHqHHaMH nporpaMM~ RBJIRIDTca: 

I) ou;eHKH napaMeTpOB, M8TpH1l8 KOBapH~H~ 3THX'OIJ;eH9K H ~KTOp~ 

KOppeJIRIJ;HH; 

2) F - 3HaqeHYIe ~HKIJ;HoHaJIa (3.1), OTHomeHHR m+/m H P+/F, 
rne ,m- - qHCJIO TOqeK, B KOTOpbIX H I~ c ,a F - cYMMa nOJIO+	 I + 

j 
~HTeJIbHbIX BKJIa~OB B 1-n qJIeH BHpa~eHHR (3.I); Bce 3TH BeJIKQHH~ n03BO
JIHIDT	 KOHTpOJIHpOBaTb KaqeCTBO annpoKcHMaqHH.
 

OópazqeHHe K nporpasese ROLSM HMeeT BH~:
 

CALL	 ROLSM(CB,RB,PIAM1,AMD,y,F,OP,~1,N,ANP,AR). 

3~eCb: 

CB	 ..- MaCCHB ynpaBJI1UOI1iHX ~aH~, 

CB (1) =n, CB{2) =m" CB (3) =k+2 , k - pa3MepHOCTH neKTopa x " 

8 

:1, 
.1 

·(~·l 
• CB(4) mar, c KOTOp~ ~~óHpaIDTCR (IJ;HKJIHqeCKH) TOqKH x 

CB (5) BepXHee QHCJIO HTep~Hn .rayccá':"RbIOToHa, 
CB(6) TpeóyeMaR TOqHOCTb MHHHMH3aUHH - CKaJIRpHOe npOH3Be~eHHe: 

BeKTOp HeBRaoK Ha BeKTOp nonpaBOK. 

:I CB(7) = Tpe6yeMoe OTHOmeHHe ,F K qHCJIy,cTeneHe~ CBo6o~~, 

CB(8),CB(9) - H~ee H BepXHee ~HCJIO MTepaUH~ HbIDTOHa, 

CB(10)=1 (O) - M.H.K.-MaTpH~a (He) ~OJI~Ha n~OBepRTbCR Ha nOJIO~HTeJIb-

~ HyID onpe~eJIeHHOCTb,
 

CB (11) = .À - BeJIHqHHa mara B liTepaU;HRX ( 0< j\ ~ 1 r

( CB (12) = oi - ~eMn<IJHpyID~H~ <IJaKTop,
 

CB(13)=1 (0)- npOM~YTOqH~e pe3YJIbTaT~ (He) gOJI~H~ B@AaBaTbCR Ha 
:\ neqaTb,
I 

CB (14) = ex, - napauerp perYJIRpH3aIJ;HH, 

CB(15)=C,CB(16)~B- KOHCTaHT~ p068CTHO~' MHHHMH3aU;M~, 

P -	 MaCCHB, co~ep~a~HA nepe~ MHHHMH3aIJ;HeM HaqaITbH~e 3HaqeHHR 
,I napaaerpo B (nepsue N qHcen) , HX HHlItHHe rpaHHiJ;bI (-CJIe,IJ,ylO~HeI;

N qHCeJI), HX BepXHHe rpanaua (CJIe,IJ,ylO~He N-qHC8JI).; nOCJIei
, 
~ 

MHHHMH38IJ;HH nepsse N qHCeJI ÓY~T' pe3YJIbTHPYID~HMH 3HaQeHHRMH 
1I napaMeTpOB. ECJIH HeKOTop~e ~HHe rpaHHU;~ paBH~ BepXHHM, 
I" 

COOTBeTCTByro~He napaM~~p~ ~HKCHpyroTCfl,I	 '4
N -	 qHCJIO napaMeTpOB,j 
ANP-	 MaCCHB qHCJIOBHX ~aHHHX, (k+2)m ,qHCeJI, npe~CTaBJIfleT co6oA

j 
nOCJIe~OBaTeJIbHOCTb H3 m rpyrm qHCeJI, j -aR rpynna co~ep~HT: 

~ Y ( j ) ,W ( j ) .x 1 (j) , .•. 'Xk (j ) •	 .r 
11 
I' 

AR - HMR apH<IJMeTHqeCKO~ rrpoue~p~ (~OJI~HO Ó~Tb 06DRBJIé~q)B 
'I EXTERNAL ) ~R B~HCJIeHHR 3HaqeHH~ ~YHKUHH, ee npOH3BO~H~ 
,I H (eCJIH B03MOlltHO) BTOpHX npOH3BO~H~.
'I11 rrepB~~ onepaTOp ~OJIMeH HMeTbBH~: 
n \' 

SUBROUTINE AR(CB,RB,P,~1,F,N,ANP,K,~,R) 
3~eCb napaxerpu Te xe , qTO H ~JIR ROLSM• AR ~OJIJKHa B 3aBHCHMOCTH 

OT peJKHMa R BCltIHCJIHTb: B k -on TOtlKe: Il R=l , 3HaqeHHe tPYHKIJ;HH H 

nepBHX npoH3BO~~ ~JIR npouecca raycca~HEIDToHa, 
2) R=2 ,~OnOJIHHTeJIbHO 3HaqeHHR BTopax rrpOH3BO~HX, 

3) R=3 ,TQ Me, qTO H npa R=1. ~JIR B~CJIeHHR MaTpHIJ;~ KOBapHanH~. 

~R '3Toro AR 6epeT k -yro rpynny H3 MaCCHBa ANP (eCJIH pa3MePHOCTb 

x paBHaI, aprYMeHT MO~HO ópaTb H3 x ) H 3HaqeHHR TeK~HX napaMeT~ 

pOB H3 MaCCHBa P, npOH3BO~HT H~~e B~HCJIeHHR H nOM~aeT: 

I) 3HaqeHHe ®rHKu;HH B flqenKY »: 
2) nepsae npoH3BO,IVibIe B MaCCHB F , 

3) BTop~e npOH3Bo~~e B JIeByID nOJIOBHHY MaTpHU;~ AM1 (i,j) , i ~ j 

RB - MaccHB pe3YJIbTHpyID~HX ~aHHb1X: 

r 9 
.) 

,I 



RB í.1T=HQ.). - nponecc (ae): COmeJICfl, 
RB (2) =qtn - ecre (HeTI nepaaerpa aa rpanane , 
RB t3I= AFf> - lUlcno CT.eneHeil CB0150~Íil, 

Rl3't4 f = .I\O C'I'HI'HYTafl TOtffiOCTb MHHHMH3amm, 
RB~5) - -qMCJIO KCnOJIb30BaHH~ r~c-HbD'POHOBCKKX HTepaUH~r 

RBÇ&) - llRCJIO - " - REIOTOHOBCKMXHTepamdf, 
RB (.7 } =1- (O). ..;. M. H ~K •-MaTpHqa (ne) oõpamaerea, 
RB (8) - XH-KB~paT, ~eJIeHHl:l~ na qHC.1lQ- creneaeã CB0150,l\bt, 
RB (9) - CTaH)J.apTHOe OTRJIOHeHHe XH-RB~:2aTallpl1 ~aHHOM qHGJIe 

CB015o.n,bI, 
CTeneHefil 

: 

,l 

'1 
JhiTepaTypa 

1. YCTo~HBbIe CTaTHCTHqeCKHe MeTOAbI oueHKH AaHHbIX. nep. c aHI'JI. nOA 
peA. H.r.BOJIROBa, M., "MamHHOCTpoeHHe", 1984. 

-~ 2. XbI06ep n.~. P06acTHocTb B CTaTHCTHRe. M., "MHp" , 1984. 
3. 3JIOKa30B B.B. OMBM, P10-86-502, ,AY6Ha, I986. 
~ ACTanoB H.A•. H ~. OMHH, P5-85-492, ~6Ha, 1985. 
~5)APCeHHH' B.JI., TI1XOHOB A.H. MeTo,~bI pemeaaa neaoppexraux aanav. 

M. ,IHaYRa,' 1979. 
6:C~JIHH M.H. OMHM, 11-3362, ~6Ha, 1967. 
7. AJIeRcaH~oB H. OMHM, P5-10365, ~6Ha, 1977. 

RB(fO) - F~ 

RB-(1 u- m+ 

RB(1c) - 3HaqeHHe 2-ro qJIeHa B '3.1) . 
Ha.~~eHHbIe napaaerpa - B M8CCHBe p ~nepBI>Íe N qHCeJI) 

AM1 - MaTpHL18 ,KoBapHauH.~,.. NxN qHCeJI . I 

F - M8CCHB omH15oR ç N qHCeJl.) I' 

Y - MaCGK-Er lflaRTo-pOB R6ppeJIHUH~ ( N qHCeJI), 
AMD 

OP 

- pa60llHtl M8CGHB ( N tlHCeJI), 
, anpaopnue OJWHRH napaaerpcs ( N 'tIHCeJI ,-, 

,1 

RM - 8npHopH8H oõparaaa MaTpH1l& KOBapH8~H~ NxN qHCeJI. ~ 

'I 
Pa60TEr rrporpaMMbI WLJIlOCTpKpyeTC.ff pHC .,,2: H 3. 

PHc.3• .. 
lloJIH8sr po158CTH8lr nO~l"OKKH ( B = o L 
nbrpemHocTH' napaMeTpOB B 3TOM CJIY
1I8e 6Y~T R8HMéHbmKMH,HO,'K8K CKa~ 

-t 38HO B TeKCTe, npM 06pa60TKe wKesa  f' 

copeHHHX" ~8HHHX T8KaB no~roHK8 Be
~eT K HeKoTopoA nOTepe 3~KTHBHOCTM. 

Ir 

~ 

\-
PYXOTIHCb nocTy~a B H3~aTanbcKHH OT~an 

15 ceHTH6pH 1986 r{)~a. 
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HET RH nPOEEROB B BAlliER EHERHOTEKE? 

8bl MOlKeTe nOJIY'lHTb nO nO'lTe nepe'lHCJieHHble HKlKe KHHrK, 

eCJIK OHM He 6biJIH 3BKB3BHbl paHee. 

.112-82:-568 

.ll9-82-661t 

.ll3,1t-82-7Dit 

.1111-83-511 

.ll7-83-61tlt 

.112,13-83-689 

.lll3-81t-63 

.112-8't-366 

.111,2-8't-599 

At7-8ft-85o 

.ll10,11-8lj-818 

,lllj-85-851 

,1111-85-791 

,1113-85-793 

TPYAW coe~aHHR no HccneAOBaHHR~ a o5nacTM 
penRTHBHCTCKOH RAePHOH $H3HKM • .lly6Ha, 1982. 

TPYAW cose~aHHR no KonneKTMBHWM MeTOAaM 
YCKOpeHHR. ,lly5Ha, 1982. 

TPYAW IV lleli<AyHapOAHOH wKonw no HeihpoHHOH 
$H3HKe • .lly5Ha, 1982. 

TPYAW coa~aHHR no CHCTeMaM H MeT~aM 
aHanHTH4eCKHX BW4HCneHHM Na 38H M HX nPHMeHeHHD 
B TeopeTH4eCKOH $H3HKe. ,lly6Ha, 1982. 

TPYAW Heli<AyHapOAHOH wKonw-ceMHHapa no ~H3HKe 
TR*enwx HOHOB. AnywTa, 1983. 

TPYAW pa6o4ero coaewaHHR no npo6neMaM H3ny4eHHR 
H AeTeKTHpoaaHHR rpaaHTaQHOHHwx aonH. -.lly6Ha, 1983. 

TPYAW XI He*AYHaPOAHoro CHMn03HyMa no 
RAepHoH 3neKTPOHMKe. 6paTHcnaaa, 

4exocnoaaKHR, 1983 • 

TPYAW 7 Heli<AyHapoAHoro coaewaiiHR no npo5neMaM 
KBaHTOBOH TeopHM nOilR. AnywTa, 1981j. 

TPYAW VII He*AYHapOAHoro ceMHHapa no npo5neMaM 
$H3HKH BWCOKMX 3HeprHH • .lly5Ha, 1981j. 

TPYAW W Heli<AyHapoAHoro CHMno3HyMa no H35paHHWH 
npo5neMaH CTaTHCTH4eCKOH MexaHHKH. ,lly5Ha,J98ft. 
/2 TOMa/ . 

TPYAW V He*AYHaPOAHOro coaewaHHA no n~o-
6neMaM MaTeMaTH4ecKoro HOAenHpoaaHHA, npo
rpaMMHpoaaHHO H MaTeMaTH4eCKHH MeTOAaH pewe
HHA $H3H4eCKHX 3aAa4 • .lly6Ha, 1983 

TPYAW IX Bceco~aHoro coaewaHHA no ycMOPHTellRH 
3apR*eHHWX 4aCTHq • .lly6Ha, 1981j /2 TOHa/ 

TPYAW Me*AYHapOAHOH WMonw no crpyKrype 
RAPa, Anywra, 1985. 

TPYA~ Me*AYHaPOAHoro cose~aHHR no aHanHTH4eCKHM 
8~4HCneHHRM Ha 38M H HX npHMeHeHHO B TeopeTH4e
CKOH ~H3HKe. ,lly5Ha,1985. 

TPYAW .xn Me*AYHaPQAHoro cHMno3HyMa no RAePHOH 
311eKTpOHHKe. ,lly5Ha 1985. 

J p. 75 K. 

3 p. 30 ... 

5 p. DO x. 

2 p. 50 K. 

6 p. 55 K. 

2 p. DO K. 

lj p. 50 K. 

lj p. 30 K 

5 p. 50 K. 

7 p. 75 K. 

3 p. 50 K. 

13 p.50 K. 

3 p. 75 K. 

4 p. 

4 p. so K. 

3aKa3bl Ha ynoMAHYTNe KHHrH MoryT 6b1Tb HanpaaneHbl no aApecy: 
101000 MocKaa, rnaano'lTaMT, n/H 79 

H3AaTenbCKHH OTAen 06~eAHHe~Horo HHCTHTYTa HAepHbiX HCCneAOBaHHP 

rj . 

3n0kaaoa 1.&. 
IIOl.SK - nporpa-a Allll pOOaCT~ MMHMMM3aqMM KBaAPaTII'-IHorO 
.,-HKQMOHaiYI• HeJ"IMtteMRO 3aBMCIIUler-o o~ napaMeTpoa 

P10~86-618 

lJnMcaHW MeTOA II nporpaMMil po6ac:TttOM MMHltMM3allHM -$)'HQ140Hanoa TMna 
l: w(s) <J(Z) - f(z. P} 12 , OJ)HeHTIIpoeaHHall npeMMYDleCTBeHHO tta aHanll3 perpeccloiM 
11 

f(z, P -) • JotellMMeMHO 3aBHCIIIIHX oT napaMeTpoe P. Po6acTHOCTb- AOCTIIraeTCR nepe
c'-leTOM &eCOB W(s) Ha Ka*AoM MTepaqMH npoqecca MMHMMH3aqHM no npaBMny: 

- { w(z). eciJM ;Ja{z) I < ~. 
w(s) • -

((1 +/I)/ { ~ h2(I) + IJ)) W{I) , ecn11 MHa4e, 

rJle ll(z) .(J(z) - f{z, Poll • .; w(x) ; Po - aexTOP napaHeTpoa Ha npe~~~o~AYDleM 

MTepaqMM, C it IJ- 3aAaHHWe KOHCTaHTY. l1pM IJ = 0 Mlol IIMeeM -flPeAeJ!b-HO po6aCTH)'Il 
-MeT-QAMKY • npw /J >> 0 MeTOA nepexQAMT 8 OOw'-IHWM M. H. K. , npH /J - 0, S OH R81111eT
CJI KOM6MttllpoBaHHWM, 'ITO CJ6ecne'-litBaeT ycToM411BOCT1> MMHIIMH3aqitH RO OTHalleHMG 
KOTAeRb-HYM BY6pocaM, M n038QnlleT Jote TepRTb ~KTMBHOCTb, npiiCY•Y~ M.H.K., 
Dpll o6pa6oTKe 11HeaacopeHHYX11 AaHHbiX • 

PafioTa &YnonHeHa a Jla6of)aTOI)MM BY'-IIICIIMTenbHoM TeXHMKII 
" aaTOMaTII3aqMII OMHM. 

Coo6me1111e ~eBBoro HllCTIIT)'1'a -nepswx accnenoBallllii.Jly&ia 1986 

nepeBOA O.C.811HorpaAOBoM 

Zlokazov V.B • 
ROlSH - A Program for the Robust Minimization of a Quadfatic 
Functional Which Hen-linearly Depends on Parameters 

PHl-86-618 

A method and a program for the robust minization of the functionals of 
the type i w(I) <y(x) -f(z. P) 12 are described. These are mainly oriented 
to the analysis of regressions f(z, P). depending non-linearly on the para
meters P. The robustness is achieved due to the recalculation of the 
weights w(z) at each iteration of the minimization process according to the 
rule:. 

_ { W(I), U fb(z)J ,!> C 
w(lt) - . 

((1 + IJ)/( ~ b2(x) + /3)) w(x), otherwise 

where b(z) • (y(x) - f(X. P )) • J w(x) , P 0 Is a parameter vector of the pre
vious iteration, and c a~ IJ are the constants given. If IJ•O, we have. the 
most robust procedure; if IJ»O,the method turns into a usual least square 
method: and If /3- 5. the method combines both, which provides for the min I
mization stability with respect to single outliers, and keeps the efficiency 
of the L.S.H •• while normal data are processed. 

The investigation has been performed at the laboratory of Computing 

Techniques Co~~\~~lcml .dln~'\nstitute for Nuclear Research. Dubna 1986 




