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DBe.rreHl1e 

MeTO~ oóoó~eHHüH rrO~OHK11 Hal1ÓOAee U8Aecooõpa3HO rrpHMeHRTb .rrAR 

perneHllR 3a.rra~ .rreKOMrr03KUl111 ll~ ,I[eKOMrr03}~HOHHOH TllAbTPauM11 pacrrpe.rre

AeHaH. ,lleKoMII03mJ;H.Fr (3)J.1U1Tl1BHaJi) - pa3AO)i{eH118 q;YHKwnr na TeM l1Jlli 

11HhIM crrOCOÓOM tPOpMaJlJI30BaHHHe KOMrrOHeHThl; rrHAbTpau.nR - BbI,UeAeHlle as 
~WHKUllll KaKOH-~ÓO O,I[HOH TaKOll KOMIIOHeHThl. 

,llaHHaR paÕOTa B03HllKAa KaK 'OÓOÓmeH11e pa60TH /1/, oIIllchlBaromeli 

MeTO,I[ poõacraoã IIO~OHKll perpeccIDí:, B IWTOpOM pooac-raocrt. ,I[OCTllraeTCR 

3a c~eT KoppeKTllpoBKH BeCOB B KB~paTli~HoH MeTpl1Ke. TIpll 3TOM C~llTa

AOCb, ~TO 

I) eCAll HaÓAIDJ[aeMaR perpecc11H s(x) flMeeT BH,I[ 

s(x) = p(x) + b(x) + e(x) , 

rne e(x) - "aopaansnaa" norpemaocrs , a b Cx ) - .rronoAHllTeJIbHélíI, 

"rpyoaa" , TO sana-ra 3aK.JIK)~aeTCR B g;~TpaUHll p í z ) aa s(x) 
~) Mhl Mo~eM OÓbe,I[llHl1Tb b(x) 11 e(x) B e.rrl1~ rrorpernHOCTb u(x) 

H C~HTaTb s(x) BhlÓOpO~HOll TpaeKTopllell rrpouecca co cpe~11M p(x) 11 

IIorpelIlHOCTbID u(x) 
TIpaBllJIbHü YKa3aB HOpr4Y u(x) B Becax B ,Mú\-rrpoue.rrype, Mhl Mo~eM 

o~aTb, ~TO rrpH HeKOTophlX YCAOBllRX .vlliK-oueHKa p(x) ÓY,I[eT ,I[OCTa

TO~HO ~eKTllBHoil. OÓ06meHlle, ~OCTHrHYToe B ,I[aHHOH pa60Te, COCTOHT 

B TOM, ~TO IIO,I[ b(x) MOJKeT IIüHHMaTbCR JilOóarr "urernaIomaR" BeJlWIllHa, 

eCJlli sana-ra COCTOHT B Bhl,I[eAeHIDi lllilllli p (x) • 

l. Tllrrll~HHe 3ana~H neKOMII03HijllOHHOn mH~TPaullH 

a) 8KcrrepRMeHTaJIbHhle ~aHfrne ~ame ncero rrpe,I[CTaBJImOT COÓOll CYMMhl 

perllcTpHpyeMhlX COÓHTHll, a IIOTOMY COOTBeTCTBYID~e perpeCC11ll RBKHIDTCR' 

CYMMaMll KOMrroHeHT, orrHChlBaeMHX HeOTpKUaTeAbHl:lMll \IJyHl\.UIDIMH: 

n 
s(x) s sum pi(x) + e(x) = m(x) + e(x), (I) 

ia1 

II JIIDllb IIOMeXa e (x) C~HTaeTCR OÓhl~HO 3HaKOrrepeMeHHOH. Hopaa \Ia (:x:)1I 

rrpe,I[rrO~araeTCH H3BeCTHoR. OópaÓOTKa .rraHHHX ~aCTO Mo~eT TpaKTOBaTb-

CR KaK 3a,n;a~a ~eKTHBHoro (B CMhlCAe ~TIn{) OT~llAbTpOBaHllH KOMIIOHeHThl 
(\ 

Otn;,t'J!Eii~!ifihiU ~HCnrryy I 
. Ult"':.fJi.MX ~l:.",J.le1l0naUII 

6&1Sny!OTEKA-----. ........-....-._.
 



pi , ~~ orrpe~e~eHHOCTU p1(x). B CH~ HeOTpfiQaTe~bHOCTM pi(x) 
MH MO~eM, rrO~b3YHCb reOMeTpH~eCKOfi MHTeprrpeTauMefi p1(x), orrpe~e

AllTb ee KaK illYHKqHID, orM6aromyro m(x) CHR3Y. Tor~a 3~a~a CTaBRTCH 

TaK: rrOCTpOMTb rro s(x) oueHKY p1(x), OllTHManbHYID c TO~KH 3peHRff 

KpRTepHR cpe~HeKB~paTHqHOrO OTRnOHeHHH. 
6) TIyCTb pernaeTcH 3~a~a rrapaMeTp~ecKofi arrrrpOKCHMaQaH co CBH3H

MH: 
n 

HaHTR min	 sum w(xj)*(y(xj) - f(xj,p»**2 (;2) 
j=1 

npa CBH3.fIX R(f(x, p» >=0.	 (3) 

CBH3M 3TH MoryT 3~aBaTpCH BeCbMa HeTO~HHM. Ka~eCTBeHHHM 06pa30M: 
HarrpRMep, rryCTb H3BeCTHa anpHOpHaH oueHKa pemeHliH f(x,pO) H rrpe~
rro~araeTCH, ~TO R B (3) eCTb orrepaTop ~60 ManHX B MeTpH~ecKoM 

CMllc~e ~e~opM3UllR f(x,pO), Aa60 rrpocTHx, ~erKO orrRCHBaeMHX CHHTaK

CR~eCKH, TpaHc~opMauRM f(x,pO) (c~BHroB, YillRpeHHfi M T.~.); 3HaK 
"ôo.JThme-paBHo" B' (3) cyuecrneaea, TaH. KaK npennoaaraerca, ~TO peme

HRe He 06JI3aTe.JThHO ~eJfrnT Ha rroBepxHocTH 

R(f(x,p» = O. 

B 8TOT ~opMa~3M,B ~acTHocTH,YRn~BaeTCH TaKofi rrorry~HHfi B rroc~e~

Hee BpeMJI cpe~ll ~ll3RKOB rrplleM: ~aCTO (XOTJI H He Bcer~a) MO~O OllR
caTb ~OBO~bHO ~Ó~HO (Ha OCHOBe TeopeTll~eCKllX, KanR6pOBO~HHX R T.~. 

cBe~eHRfi) HeKOTopHe 3aBRCRMOCTR Me~ ~acTbro rrapaMeTpOB: 

u(p) = O R~ 60~ee 06me U(X,p) a O. 

3Ty 3aBRCRMOCTb MO~HO, B CBOro o~epe~, aIIIIpOKCRMMpOBaTb rrapaMeTpR
~eCKRM BHp~eHReM a(q) (a(x,q» OT MeHbmerO ~c~a rrapaMeTPOB q . 
Ec~ ypaBHeHHe u(p)=a(q) pa3peillRMO OTHOCRTe.JThHO p, TO B3HB 

p=u**(-1)(a(q» R TIO~CTaBHB HX B f, MH rrO~KM W,yHKUKID MeHbmero 
~Rc~a TIapaMeTpOB. TaKOfi rrpReM ~aCTO rr03B~eT ~efiCTBRTe.JThHO rrOBHCRTb 

TO~HOCTb R YCTO~RBOCTb pemeHRH 3~a~ (2). TIpR 8TOM rrapaMeTpH p 

MO~O orrpe~e~Tb M3 O~HllX 3aBMCRMOCTefi u • a ~yrHe 3~aBaTb KaK 
CBH3R TRila (3). MH Mo~eM 3arrMcaTb TaKoe rrpe~cT~eHHe 

f(x,p) = f1(x,p) + f2(x,p) , 

r~e ~HKnMJI f1(x,p) y~o~eTBOpJIeT CBJI3HM (3), a f2(x,p) eCTb 

pa3HocTb ~HKURfi f R f1. .TIpR TaKOM rro~o~e RCXO~HaJI 3ana~a TaK

~e OKa3HBaeTCH 3~a~eH ~eKOMTI03RUROHHOll ~~TpaqRR: B~e~Tb ~eK

TRBHHM clloc060M M3 y(x) KOMrrOHeHTY f1. 

2 

B) Eme 60~ee RHTepeCHHM rrpRMep rrpe~cTaB~eT C060M 3~a~a rro~e

HRH YCTofNRBoro pemeHRH ~re6paR~eCKoil CMCTeMH MeTO~aMM KBanpaT~Hofi 

arrrrpOKCKMa~H. TIYCTb ~aHa CMCTeMa 

A*f = Y ,	 ( 4) 

r~e f, Y E L1, a A - oneparcp, ~He~[HHÜ MH HeJllIHettHH11:, ne HMeromHH 
Ha BceM L1 OrpaHW:leHHOrO 06paTHoro. PelIleHMe (4) MOiKHO UCKaTh MeTO

~aMH arrrrpOKCRM3UHR : 

f = arg min IIA*f - yH . 
f 

Ho rrpn 8TOM pemeHHe Mo~eT OKa3aThCH HeYCToi~IHBHM K pa3~A~HHM ~aKTO

paa: norpeuaocra y,A , rrponertype HaXOiK,IJ;eHKFI MMHk!MYMa II ~3iKe 3Bi"1, 
Ha KOTOpOH rrpOH3BO~TCJI B~c~eHHR.MoMHO 3arrHcaTh TaRoe rrpe~CT~eHlle 

f = f1 + f2 , 

r~e f1 -	 RCTUHHoe. e~HCTBeHHoe pemeHRe, OTBe~aIDmee RCTRHHHM y,A 
R HeKOTOpoMY H.D:ea~hHOMY aJII'OpHTMY, ~alOmeMY 8TO pemeaae , a ra - ~o

6aBKa, BHOCHMaJI HeYCToH~HBOC~bro. TIo orrpe~e~elrnlO, f1 eCTh YCTOHqR
soe pemeane 3Ma~H (4). C~e~OBaTe.JThHO, aanaua rrO~~e~HJI sroro perne
HHR ecrs TOiKe aanaxa ~el\OMrr03IDJ;ROHHOM (l'l1~hTpauRM: B~e~Th ::$peKTllB

HI:lM cnocoõore H3 [AU(-1)*yJ KOMrrOHelITY f1 . 
rrpRMe~aHue I. TIpe~mnM paccYAAeHHHM MO;KHO rrp~aTb 60~ee crpo

ryn (POPMY. TIyCTb C1 - MHOJ!{eCTBO 1Jy'HKIUüt (uanpanep, xosmaxr}, nepe
BO,nID.l0e oneparopon A B MHOJt8CTBO C2 (~OIlpe~e~eHHOCTH - c near
pOM B yO H ~aMeTpOM deI ) TaK, ~TO oneparop A**(-1) na C2 or
pairzxen. Ec.ra y E C2 , TO peuienae f=A**(-1)*y YCTO~HBO. Ho ec
JIR y 6epeTCJI R3 Y2 asxoroporo noncnaeuaa C2 WHKIJ;IDIMR R3 06

~aCTH oIlpe~e~eHRJI A**(-1) , rasoro, ~TO lls- YOll < deI , TO A**(-1) 
OrpaHJrrIeHHHM B 06meM c.nyqae Y'JKe ne 6y~eT. IIyCTh y1 - npoeznaa s aa 
C2 • a ~1.A**(-1)*y1. :,lH Mo~eM npencrasarr, pemeaae faA**(-1)*y 

.rr;m y E: Y2 TaR: 

f .. f1 + f2 , r~e f2 .. f - f1 • 

~TaK, RMeeTeJI 3ana~a: ~aHa 

y(x) ~ f1(x) + f2(x) + e(x) , 

y(x) E K1 , f1(x) € K2, e(x) - uorpeuiaoc'rs , K1 , K2 - Rnac

3 
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CH illYH~Hfi; Tpe6yeTCH: nOCTpOHTb no y(x) Ha ~acce ~HI~Hfi K) g(x)
oueHKY ~H~HH f1(x) - TaK, ~To6~ 

g(x) = arg min 11 g(x) - f1{x) Il[	 (5)'t 

2 

K) 

3~aqa ~onycKaeT appeKTHBHoe perneHRe, B ~aCTHOCTH, npM BHllO~HeHHM 

c~e~~x YC~OBllM: 

I) cymecTByeT napaMeTpH~ecKoe ceMeMcTBo K) = [g(x,p),p E RJ , 
P ~ napaMeTp, TaKoe, ~TO K2 npHH~e~T K), HO Y He npHH~
~e~T K) 

2) MO~O nocTpoRTb MeTpHKY ro Ha K) U K1 TaR, qTO RMeeT 
MeCTO 

min ro(y,g) ~ min· 1.1 f1-g \IL 
1 

K)	 V K1 K) 

~e MH paCCMOTpHM Ba~uH Ha npaKrHKe ~acTHHM c~aM, Kor~a Buno~e

HMe 8THX YC~OBHM B03MO~O. 

2.	 YHHBepca~HuM MeTon He~eMHoM annpOKCHMailHH M napaMeTpM3a

miM dJyHlS.I.UIM
 

n~ nOCTpOeHHR C8jeMCTBa K) Mil Mo~eM BocnO~30BaTbCR MeTO~OM, 

H3~O~eHHHM ~ pa60Te /2 . ITpHMeHHTe~Ho K ~aHHoR 3~aqe OH COCTOMT B 
c~e~meM. ITYCTb Ha OCHOBaHHH anpHOpHHX CBe~eHHfi MH HMeeM gO(x) 
anpMOpHYID oneaxy <PYHlCUHM f1{x). CTpOHM napaeerpatrecxoe ceMeMCTBO 
rIwH~ID1 [gO(Pn(x» ] , r~e Pn(x) - tIJyHKURH, 3aBMCRmaR OT n 
napaMeTpOB H cnoco6HaH npM n ~ c<l annpOKCKMMpOBaTb npOM3BO~HYID 

HenpepHBHYID tIJyH~, aanpzaep nOJm:HOM, CMaHH li T.~. <PyHKI.UUI gO 
Ha3BaHa B pacore 2/ rpyooã Mo~e~IO aIIrrpOKCKMHpyeMoít tIJyHKI.UUI. ECJm 

gO(x) - rpycaa Mo~e~ tIJyHK1um f(x), TO npa H8KOTOpUX YC~OBHRX 

supaaeaae gO(PJ?-(x» 6y~eT npz n -+ 00 annpOKCHME:pOBaTb f(x) . 
Mcno~30BaHMe TaKOM o606maromeM nOHRTMe anrrpOKCHMaHTa KOHCTpyKI.UUI 
no3Bo~eT annpOKCRMHpOBaTb WYH~H c nOMOmbIO qMC~a napaMeTpOB, MeHb
rnerO,qeM y 06U~HHX arrnpOKCHMaHTOB. 

naHHHH no~o~ ~onycKaeT o606meHHe. ITyCTb 3~aHa HenpepUBHaR W,yHK-
I.:(WI f(x), x E x H nycrr, Pn(x) H Qe(x) JiBJIRIOTCH~, 

cnOC06HI:lMM armpoxcanapoaarr, npa ;- l -..00· npOE:3BO~HYID HerrpepUBHYID 
1JYH~EIO. TaK ~e,KaK li B pa60Te /1 , MO~O rrOKa3aTb, qTO npH BUrro~e
HRH p~a YC~oBHít rrpoue~pa 6y~eT ~aBaTD Tpe6yeMoe perneHHe c rrplIe~e
MOa TO"lfilOCTbIO. 

Onpene~eHHe. HerrpepUBHYID, OTJmqHyID OT KOHCTaHT~ 1JYH~HIO m(x) 
Mil Ha30BeM rpyooã Mo~e~IO tIJyHK.I.Urn: f(x), ecna cymecTBYIQT 2 TaKHe 
Henpep'HBHHe 1JYHK.I.Urn: r(x) M h(x) ~ qTO cÍIpaBe,Il;.Jll1BO npe,n;cTaB.JIeHH~ 

f(x) = r(x) * m(h(x» . 

TeopeMa I. .1IIo6aR aepaaaaa TO.lK,Il;eCTBeHHO KOHCTaHTe aHMHT~eCItaR 

rIwH~IDI m(x) , x € X , REJIfIeTCR rpy60fi Mo~e~1O JIIO(ÍOl1: aenpepaanoã 
tIJyHKUMll, onpeneneaaoã aa X. 

nOKa3aTe~cTBo. y aHaJmTHqeCKOl1: WYHKUllH, He paBHoM To~eCTBeHHO 

KOHCTaHTe, HMeeTCR Ha BceM OCll He 6o~ee, ~eM c~eTHoe MHo~eCTBO Hy~efI. 

B03bMeM oTpe30K (x1,x2) Me~ ~YMR npOH3BO~HHMM CM~ Hy~

Mil x1 H x2 . Bcer~a H~eTCR HenpepHBHaR WYHI~H h(x) ,KOTo
paR oTo6p~aeT X B oTpe30K (x1+d,x2-d), r,n;e d - MMoe ~l1C~O, 

MeHbmee, qeM (x2-x1)/2. Ho Tor~a Bup~eHHe r(x)=f(x)/m(h(x» 
6y~eT onpe~e~Tb Ha x HenpepUBHyIO 1JYHKUMIO, ~TO li 3aBepmaeT ~OKa3a
Te~bCTBO. 

TeopeMa 2. ECJm: m(x) - rpycaa Mo,n;e~ aenpepxaaoã clJYH~HH f(x), 
TO Bup~eHMe Qf{x)*m(Pn(x», r~e Qe(x) H Pn(x) - nOJm:HOMH CTe
neHeM e il n CO CBo6o,n;HHMM KO~E:UHeHTaMM, 6y~eT npH l-.·~ M 
n ~ ~ aIInpOKCKMlIpOBaTb f(x) B MeTpRKax C ,L1 M L2 . 

nOKa3aTenDCTBO. TaK KaK m - rpy6aR Mo,n;e~, TO cymecTByroT He
rrpepUBHHe r(x) H h(x) , TaKHe, ~TO 

f(x) = r(x) * m(h(x». 

ITo reopeae Baãepmrpacca ,n.JUI ~6HX del > o H eps >o HaH.rtYTCR Qe(x) 
M Pn(x), allnpOKCKMl1pYJDmHe r(x) II h(x) c norpemaocraaa eps H 

del. 

f(x) - Qe(x)*m(Pn(x» = (r(x)-Qe(x)*m(H(x» + 

+ Qe(x) * (m(Pn(x» - m(h(x»). 

~ ~6oro eps HaaneTCR del TaROe, qTO eCJm IPn(x) - h(x) I <del, 
TO lm(Pn(x» - m(h(x»1 <eps . npyrRMH C~OBaMn, ~ ~6oro eps 
HaaneTCR del TaKoe, qTO 

\:r(x) Qt(x)*m(Pn(x»l < m1*eps + m2*eps = (m1+m2)*eps t 

r~e m1 • max m(h(x», m2 • max Qe(x). TeopeMa ~OKa3aHa. 

~ 

4 5 
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3HaH del- 11 eps - ncrpeuurocra armpOKCHMaJUI11 m(x) 11 r(x) , Mll 

Mo~eM Bll~11C~Tb 11 (m1+m2)*eps - rrorpeillHOCTb anrrpOKCllMauH11 f(x). 
rrp11Me~aH11e 2.M3 ~OKa3aTe~bCTBa TeOpeMll I B~HO, ~TO rpyÓOll MO

~e~ID HerrpepllBHOll ~HKU1111 Mo~eT ÓllTb ~ÓOH RYCOK aHanRT~eCKOn ~HK

IJ;11R, 3a~~eHH1IH MeJK,IJy 2 IfYJI.HM11. RO, pa3YMeeTcH, Hffi!ÓO~IIJYIO SKOHOM11ID 
rrapaMeTpOB 11 B TO ~e BpeMH Ha11óo~myID TO~HOCTb arrrrpOKCRMaIJ;H11 ~aCT 

Mo~e~b, Ó~3KaH K annponcavapyeaoã ~~11: 

a) B MeTp~eCKOM CMllc~e; 

ó) 11~ B C11HTaKC11~eCKOM CMllc~e, T.e. ~aromaH STY ~HKq11ro c rro

MOmbID arreMeHTapHllX, ~erKO pacrr03HaBaeMHX rrpeoÓpa30~aH11n. 

ITOCMOTpHM Terrepb, KaK rrp011CXO~11T 3KOHOMRH rrapaMeTpOB. Ec~ Mll 
HMeeM rrO~HOM CTerreH11 n1 ,TO Mll Mo~eM rrp11Ó~311Tb WYHKIJ;nID ~(x) 

~llib C TO~HOCTbID ~O BHp~eH11H, 3aB11CRmerO OT CTaplliHX,~eM n1, CTe

rreHeM x . ITYCTb Terrepb MIl 11MeeM rpyóyro MO~eJlb m(x), paBHYIO, H~ 

rrpllMep, CYMMe rrepBllX n2 ~~eHOB pa3~0~eHflH f(x) B CTerreHHOM p~. 

Tor~a Bllp~eH11e m(P(x», r~e P(x) - rrO~HOM CTerreH11 n1 , óy
~eT rrO~HOMOM CTerreH11 n1*n2. TIyCTb 

m(x) à B~ ai * x**i, P(x) ~ s~ bj * x**j . 
, j 

MMeeM 

m(P(x» • ai*p(x) + sum ai*(p(x» • 
i.1 

C KaKofi Óll TO~HOCTb~ Hl1 arrrrpOKCRMHpOBa~ I-n ~~eH ~HKUHID f(x) 
Bcer~a eCTb B03MO~HOCTb rrp11Ó~311Tb OCTaTOK 2-Y ~~eHOM 11 ~OÓ11TbCH TeM 
CaMllM ÓO~illeH TO~HOCT11. B ~ea~HOM c~ae m(P(x» óy~eT rrpHÓ~Tb 

f(x) c TO~HOCTbID ~O Bllpa~eH11H OT CTerreHefi x , ÓO~mRX,~eM n1*n2 • 
AHallOr~HO TOMY, KaK 3TO Óll~O c~e~aHO B paóoTe /2/, ~aHHHn rro~o~ 
pacrrpocTpaHHeTcH 11 Ha c~~all rrpoH3Bo~HHX anrrpOKCHMaHTOB Q 11 P H 

Ha MHoroMepHllH c~afi. 

~aHHllH rro~o~ ~aeT B03MO~HOCTb He~HenHofi rrapaMeTp113~H WYHK

~, 3~aHHHX Taó~eH RnH rpa~RKoM, a RMeHHO: ec~ f(x) - TaÓ~

Ho-3~aHHaH ~HKURH, TO ceMeMCTBO W,yHKURfi 

[Qe(x) * f(Pn(x»] 

3aBHCHmee OT napaMeTpOB rrO~HOMOB Q 11 P , oÓ~~aeT ~YMH qepTaMH, 

BaxHHMH ~~ pemeHHH 3~a~ ~eKOMII03HIJ;ROHHOfi ~~TpaqHH: 

!) crroCoÓHoCTbID arrrrpOKCRMHpOBaTb ~ÓYID ~HKURID rrpn pOCTe e H n; 
2) crrocoÓHoCTbID He arrrrpOKCHMHpOBaTb 3~aHHYIO ~HKURID rrpn WHKCHpo

ITpKMe~aHl1e 3. MO~HO rrOCTaBl1Tb 3~a~ rrocTpoeH11H YKa3aHHOrO cs
MeRcTBa W,yHI\IJ;11M (Ha30BeM ero S ) TaK, ~TOÓll OHO Óll~O orrT11Ma~HO rro 

CBOHM arrrrpOKCHM11PYIDmaM 11 ~11CKpl1M11H11PYIDmHM CBOMCTBaM. TIycTb OHO ~O~
HO arrrrpOKCHMHpOBaTb HeKoTopoe MHo~eCTBO W,yHKUHH F1 11 o~oBpeMeH

HO ~CKpRM11H11poBaTb MHo~eCTBO W,yHKq11H F2 • OrrTHMa~HYID rpyóyro MO

~eJlb m 11 CTerreH11 rrO~HOMOB n 11 t ~aCT pemeH11e c~e~IDmell ~OnCT
BeHHOR Bap11aIUIoHHoil: aanaxa: HaHT11 m,n. 11 t TaK11e, 'lITO cywa paCCTOH\]1' 
H11H OT S no Fi Ó~a MHH11Ma~bHoR, a cYMMa paccToRH11H OT S no F2. 

. I 
" . óuna MaKC11MallbHOR. 

TaÓ~~H1IH CIIOCOÓ 3~aHHH W,yHI\IJ;11H, KOToplle c nOMOmbID l1HTeprro~

U1111 MO~HO ~orro~HTb ~o HerrpepllBHoM ~YHKU1111, oóecrre~11BaeT MaKCHM~

HyID r11ÓKocTb 11 MaHeBpeHHocTb rrp11 rrocTpoeH1111 Mo~e~eH 11 rrp11 STOM rapaH

THpyeT arrrrpOKCHMaIJ;HID; TaKHM oópa30M, Y Hero HeCOMHeHHHe rrpeHMYmeCTBa 
rrepe~ 3MrrHpH~eCKHM rro~óopOM allrrpOKCHMaHTOB 11 rrepe~ 11crrO~30BaH11eM 

TaKHX qaCTHHX He~HeHHHX armpOKCHMaHTOB, KaK, HarrpHMep, rrp11Be~eHHHX 

B paóoTe /4/. 

3. AeKOMn03HilRR fuyHKliHH 

3~aqH ~eKOMrr03HIJ;HH QyHKU11H MOryT ÓHTb c11cTeMaT11311poBaHll B paM

Kax c~e~mero ~OpManR3Ma. ITYCTb 

n 
f(x) = sum fi(x) + e(x),
 

ia1
 

r~e fi 11 e - ~YHKU11R, B3aHMHO ~HeHHo He3aB11CHMlle. ~YHKUHH e 

B~e~eTCH ocoóo, Ha3llBaeTCH rrorpeillHocTbID ~YHKU1111 f 11 HMeeT 113BeCT
HYID HOPMY. ITo~ Ka~eCTBeHHoH ~eKOMll03HIJ;Ren óy~eM rr9HHMaTb OToóp~eHRe 

f ~ (n, [Mi ] ), i.1, ••• , n , 

r~e Mi - HerrepeCeKaIDmneCH RRaCCll ~HKIJ;HH H3 HeKOToporo MHo~eCTBa 

~HKIJ;HOHanDHaX KnaCCOB,TaKHe, qTO 

fi € Mi, fi t Mj npa. j.i • 

ITo~ Ko~eCTBeHHOn ~eKOMII03HU11eH MH óy~eM nOHHMaTb oToópaxeHl1~ 

f ~ (n,gi), ia1, ••• ,n, r~e gi E Mi • 

neKOMrr03RqHH óy~eT OrrTHM~HOR B CMllc~e KaKoro-~Óo KpRTepHR rpyrrrro

) BOR Ó~30CTH, ec~ alleMeHTll gi HaHÓO~ee Ó~3K11 B CMllc~e SToro 
KpHTepHH K fi . 

Mo~o YKa3aTb c~e~mHe MO~WKKaIJ;11H, l1CqeprrllBaro~e nOHHTMe ~s

" KOMn03HIJ;IDl:: WaKTOpHaH ~eKOMII03mnm R MaCCHqJRK8IJ;ROHHa.H: (,IUlCKPHMHHaHT-
BaHHHX e a n 3a CqeT Bllóopa crreUKw~ecKofi Mo~e~. 
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J
 

HaR. R KnaCTepHS~OHHaH). HaRÓO~ee BamHaR R HeTpHBH~HaR OÓ~aCTb 

~eMCTBMH 3THX npo~e~p: paCnOSHaBaHHe CTpYKTypH ~H~ft; B~e~eHHe 

B HHX KOMnOHeHT, Ba~HHX ~ HaC B HHWOpMauHOHHOM KnH KnaCCRWHKauR
OHHOM CMHC~e. ECJlli OÓOÓmHTb nOlffiTHe ~HKUHOHa~HOM KOMnOHeHTH, ~e
~eMofi npR BHSY~HOM aHa~RSe rpaWRKOB ~H~HH, TO MO~O ~OpMaRHSo

BaTb C~e~romHe THTIH KOMnOHeHT: 
I) nO~TR cocpe~oTo~eHHHe, T.e. w.YHKUHH, RHTerpRpyeMHe B s~aH

Hofi CTeneHH Ha Bcefi npRMoM, ~.e. TaKHe, ~TO ~ ~óoro epa H S~aH
HOrO nO~O~Te~HOrO n CymeCTBYeT KOHe~HaR OÓ~aCTb A ,A C R , Ta
KaR, ~o 

'/ í'(x) 1**n*dx - J 1. í'(x) I "**n*dx J < epa ;i A 
2) nO~TH nepHo~~ecKHe WYH~HH, T.e. TaKHe, ~TO ~~ HeKoToporo
 

eps cymecTByeT ~HC~O T, TaKoe, ~TO ~ ~óoro x RMeeT MeCTO
 

Ií'(x+T) - í'(X) I c epa 

3) pacnpe~e~eHHHe KOMnOHeHTH, T.e. He HHTerpHpyeMHe Ha Bcefi OCH 
~H~HH.
 

B npORSBO~HOM ~YHKUHH MOryT npRCYTCTBOBaTb ~He KOMÓHHauRM KOMno

HeHT nepe~HC~eHHOrO TRna. ~ nO~TH cOCpe~OTO~eHHHX KOMITOHeHT OÓ~aCTb
 

A óy~eM HaSHBaTb HHTerpa~HHM HOCHT~eM ~H~HH, a ~ nO~TH nepno
~~eCKHX ~HC~O T - nO~TH nepHO~OM. 3TH ~~aMeHTa~bHHe KOMTIOHeHTH 
npe~cTaanaroT COÓOM' HaHÓo~ee YlmBepca~HYID TRllRSauHID aneMeH~OB W,yHK
~fi ~HTHBHofi CTpyKTypH, KOTOpHMH OÓH~HO OnHCHBaIDTCR pacnpe~e~eHKR, 

HH~OpM~OHHHe c TO~KH speHHR 3KcnepRMeHTa~HHX HayK. 

4.	 PeanHsauHR MeTona B c~ae BSBemeHHofi KBarrpaTH~Hofi
 
MeTpRKH
 

PaCCMOTpRM s~a~: ~~ ~HCKpeTHoro MHO~eCTBa X HafiTH 

min sum w(x) * [y(x) - í'(x) ] **2	 (6) 

f x E X 

npH CBHSR 

g(f(x» ... O • 

3~eCb w ,y ,í' g 
xnacc q,yH~fi [ fi J , ~ 

Macc, cWH~fi (f2 J, TaKRX, 
Be~eHRe W,yHKUKfi u R g : 

( 7) 

WYH~H MS HeKOTOpHX KnaCCOB. ITYCTb K1 
KOTOpHX HMeeT MeCTO (7), H nyCTb K2 
~TO y-í'1+f2. Onpe~e~ CKanHpHOe npOHS

(ufg) L u(x)g(x)CI 

x 

r'
,

1I
 
! 
I
 

I
 

r
I t 

O~eB~Ha c~e~IDm~ 

TeopeMa 3. Ec~ w(x) TaKOBa, ~TO 

I) w opToroHa~Ha ~Óofi í'2 € K2; 
2) HS (w,í'1-í')=O npH ~óofi í'1 € K1 c~e~eT í'=í'1, 

TO r~oÓa~bHHi MHHHMYM (6) no í' € (K1 v K2)óy~eT ~aBaTb 3~eMeHT í'=í'1. 
nOKasaTe~cTBo G~e~eT HS Toro, ~TO YC~OBRe OÓpameHHR nepBofr 

BapR~HH (6) no í' óy~eT ~aHO BHp~eHMeM 

sum w*(í'1 - í') = sum w*í'2, x ~ X •
 
x x
 

Ec~ y(x) S~aHa c HeKOTopofi norpeillHoCTbID e(x), TO' ~erKO B~~Tb, 

~TO TeopeMa pacnpOCTpaHReTCR Ha 3TOT c~~afi co c~e~IDm8fi orOBopKofi: 
r~oó~HHfi MHHRMYM (6) óy~eT ~OCTMraTbCR Ha aITeMeHTe t(x) , ROTO
pHH óy~eT HeCMemeHHofi (B ~eTepMHHMCTCKOM CMlic~e, CM. /3/) r~{-o~eH
Kofi r i . YC~OBIDI 'l'eopeMH ÓY~T BhIIIO.JIHRTbCH ~~ TaKHX B~X c~~a

eB ~H~Tpau;HH: 

a) pacnpe~e~eHHofi KOMnOHeHTH RS ee CYMMli'C nO~TH ~ocpe~oTo~eH

HHMH, ec~ oó~e~HeHMe MHTerpa~HHx HocHTe~efi noc~e~HRX He nOKpHBaeT 
BCID oÓ~acTb onpe~e~eHHR nepBofi; 

ó) nO~TH cocpe~OTo~eHHOH MS ee CYMMH c ~pyrRMM nO~TH cocpe~OTO

~eHHHMH, ec~ oó~e~8HHe nHTerpa~HHX HOCHTe~efi nOC~8~HHX H8 nOKpH
BaeT HOCHTe~ nepBofi. 

MTaK, óy~eM C~HTaTb, ~TO HHTerp~HHM HOCRTe~eM KOMrrOHeHTH í'1(x) 
B (5) H:BJIHeTCR MHo~eCTBO A f x E A, KOMnOHeHTH í'2(x) - MHOJlteCTBO B, 
x E B , nplftIeM A 3 B, a A - B=O • ITapaMeTpR~ecKoe ceMeficTBo K1
ceMeficTBo o~eHOK KOMITOHeHTH f1 - MH Mo~eM nocTpoHTb Ha OCHOBe MeTO
na annposcaaanaa, HS~OJKeHHOrO B paaneae 2: 

K1	 ... [Qe(x) * m(Pn(x» ] 

rne m - rpycaa Mo~e~ q,yHIW;HH r t , a Qe H Pn - nOnHOMH crane
Hei! e. H n. 'i1J:y MO~eJ.ID H crenena rrO~HOMOB MH MOJKeM ooópaTb TaK, 
~TOÓH K1 co~e~o í'1. HO He Co~epJltano y(x) . OÓOSHa~ rrpOHS-
BO~HHZ aneMeHT MS K1 KaK f(x,p), r~e p - BeKTOp rrapaMeTpOB 
paSMepHOCTH e.+n • MCKOMaR M8TpHKa CTpOMTCH TaK. TIyCTb s~aH BeKTOp 

pO - BeKTOp anpHOpHHX o~eHOK napaMeTpOB p H ~CKpeTHoe MHOJiteCTBO 
X	 ,X E A. ITOCTpOHM KB~aTlfqHOe BHp~8HHe 

aum w(x,pO)* [y(x) - f(x,p)] **2 ,	 (8) 
'x E X 
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r.n:e 

w(x,pO) =f/ [l e t x) 11.**2, ecza 1h(x) I c 
( 9) 

1( 1+b)/( IIe(x)11 **2*«h(x)/c)**2+b)] , 

h(x) = y(x) - f(x,pO}, c H b - 3a.n:aHHHe KOHCTaHTH. 
llepeC~eT BeCOB MOgHO BeCTH C y~8TOM npO~HX anpHOpHHX CBe.n:eHHH O 

peueaan , 1',lHRHr...m3au;lffi (8) naer f(x,p*) - o~eHKY fl(x) • ECJllI q>HJThT

pY8MaR KOMnOIIeHT8 .n;OJDKH8 y.n:OBJI8TBOpHTb CB5I311 

z(f1) =0, 
np~eM na A - B CBR3:h HM8eT MeCTO, TD YCJIOBHe I h(x) I <c B (9) npz 
~OpMHpoBaHHH BeCOB w(x,pO) 38MeHR8TCR Ha TaKHe YCJIOBHR: 

. Ih(x) I < c , ur» 
z(f(x,p» = o. 

:AeX8HH3M paóoTH WHJThTpa MO~HO nOHCHHT:h CJIe~mR11 oópa30M. ECJIll ceMefi-
CTBO K1 nocTpoeHo HaCTOJThRO y.n:a~Ho, ~TO paccToRHHe f(x,p*) OT 

y(x) MaJIO JIlllll:h na A - B :r.J'ill: (Iü) HMeeT MeCTo TOJThRO na A - B , TO 

MHHHMli3aLUUI (8) óy.n:eT aa cver ÓOJI:hlillfX BeCOB W CTpeMHT:hCR npHÓJIll3HT.b 
f(x, p) npeHMYmecTB8HHO IC f1 (x) • IIpH 3TOM, B OTJIlllllle OT MeTo.n;a 

lllTP~IJ?HllX WYH~n, rne OTKJIOHeHlffi OT npaBHJThHOrO peueaaa lllTpaG:JyIOTcH, 
3.n;eC:h ÓOJI:hlliHe OTKJIOHeHrlR OT y(x) noo~flIOTcR Ha BceM MHOXeCTBe B 

3a c~eT np~aHHR TOqRaM 3Toro MHo~eCTBa O~eH:h MaJIHX BeCOB. 
~HHHMH3~RH (6) li (7) Ha npaKTliRe ocy~eCTBJIReTCR c nOMo~IO HTe

pauROHHOn npone.n;ypH. ilpH 3TOM MOXHO JIllÓO ~HRcHpOBaT:h Ha~aJIDHOe 

w(x,pO), Jll1ÓO MeHRTb ero Ha R~ofi HTep~, C~~aR anpllopHoll OneH
KOH napaMeTpOB HX 3Ha~eHlle Ha npe.n;H.n;ymeM llTepaqRH. K03~llUZeHTH c H 

b RrpaIDT Ty Ee pOJI:h, ~TO H B paóoTe /1/. MeTpHKa (8),(9) B c~ae 
CXOAKMOCTR HTep~oHHoro npouecca óy.n;eT OrpaHHqeHHOH H npH h(x)~ 00. 

ae npeBOCXO).UIT cyutecmeaao m* ( 1+b) *c**2 • AHaJIOrlPIHO, KoappRUReHT 
BBe.n;eH ~ Toro, ~TOÓH MeTO.n;RKa BKJIIO~aJIa B ceóR ~epTH OÓH~Horo ~lliK n 

ó~a, CJIe.n;OBaTe/!;o, no B03MOEHOCTR MaKCRManDHO ~eKTnBHoH. TaR Ee, 
K8R R B paóoTe I , MOERO nOKa3aT:h, qTO rrpR BHrrOJIHeHRR pR)l;a YCJIOBRll 

rrpOne.n;yp8 óy.n;eT .n;aBaT:h TpeóyeMoe perneHHe c rrpneMJIeMOH TO~HOCThID. 

•	 8TH YCJIOBllR TaRRe: 

I) .n;ocTaTOQHO BHCOKoe Ka~eCTBO arrpHopHoro pemeHRR; B qaCTHOCTn, 
ORO CaMO .n;o~o y.n;OBJIeTBOpRT:h CER3R (7); 

'2) .n;OCTaTO~HaR H~e~HOCT:h a.n;eHTll~HK~KR TOqeK x , r.n;e BeCOB8fl 
~HKnKff .n;OJIEH8 rrepeCqRTHBaT:hCR; 3TO 3aBRCHT OT rrpaBRJIbHOCTH BHóopa 
ROHCTaHTH c 

r
 
I 

PHC. I 
llpRMep HeMTpoHorpaMMH, H3 ROTOpOM BH.n;8JIeHa M8RCBeJIJIOBCRaR 

~oHoBaR ROMnOHeHTa. MaTeMaT~eCR8H npoue.n;ypa BHrJIR.n;8JIa TaR:~eaJIbfrnM 

~OH He BnOJIHe onHCHBaeTCR MaRCBeJIJIOBCKOM RpHBOM f(x) = x 2e- /2; 
~ noBHrneHHH TO~HOCTH annpORCHM~Hli ÓHJIO HCnOJIh30BaHO BHp~eHHe 

p2(x).exp(_D2(x)~, r.n;e P(x) - nOJIHHOM, a D(x) - .n;pOÓHo-JIllHeM

IillM nOJIllHOM, nOCJIe ~ero WOHOBaR ICOMnOHeHTa ÓHJIa OTWRJIbTpOBaH8 RaK 

pacnpe.n;eJIeHHaR, HOCHTeJIb KOTOpofi He nORpHBaeTCR ~eJIllROM OÓ~e.n;HHe

HHeM HOCHTeJIeB cocpe.n;OTO~8HHHX ROMnOH8HT (nHKOB). 

)( 

)/ 

PHC. 2 
ITpllMep TecToBoM oópaóoTKH cepRH pacnpe.n;eJIeHHll, H3 KOTOpHX OT

WRJI:hTpOBHBaJIaCh cocpe.n;oTOqeHR8H KOMITOHeHTa. Ha pHcYHKe npHBe.n;eH 

THITffqRHfi npHMep TaRoro BH.n;eJIeHllR. OneHKll napaMeTpOB B cepRH YKJIa

.n;HB8IDTCR B cooTBeTcTByromze .n;oBepllTeJThHHe RHTepBaJIH óJIaro.n;apR TOMY, 

qTO ~RJThTP~HH KOMóHHHpyeTcR c l~. 
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3) ITpGBY!Jibf!U:t BUJOp lcOffCT.J:ITb! b ; y::.J.O IT,JH b=1 (c=1) _;J8El8HII8 

:,10:0\eT He YJ\OBJI8TBOlJHTb CBH3li ( 7), HO b=O lclOM8T yBecTl! nrepau;riOHHHi'r 

Il1JOL(8CC E JIO;:HWA pe:JeHilfL\1, UOI'Yli1UM ITORBl!TbCR KOK II000'1H08 CJl8.i.(CTBH8 

ll8lJ8C'I8T8 B8COI30'z ;ym:.u;;n i{Q CJII!illKOL1 OOJibillOM f,lHOJK8CTB8 T0'18!\ x ; 

.J) l!_;J3B!!JibHOCTb 3a)~3H!!R B8COBOl"! c~yHKL(}!:f w(x) ; B 'IGCTHOCTH, 

!Ipi1B!!.Tfbtlli;l ;,1:1c;~TGJ II;Jfl/WTDBJI8HHR ,I(BHHHX H COP,18COB8HHOCTb w(x) C 

,ll,GHHWJlf. 

.JlaHHHil lc18TO,ll, ITO,ll,PO!!Klf p88Jllf3Y8TCH /forpaMMOU GEFIT , HBJIIDOlil8ii

CH MO,Il)1'}rm~Hell rrporparAM!l ROLSM (eM. I J. ) • 
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3noKa3oB B.B. PI0-87-894 
MeTop; p;eKOMll03HWiOHHoH: 4»fnbTpar\HH pacnpep;eneHHH 
C llOMOII.(biO HenHHeHHOH o6o6~eHHOfl llOJJ,rOHKH 

Onucaa MeTOA BbiJJ,eneHH.fl H3 pacnpep;eneauH:, perncTpupye
MbiX B 3KCnepuMeHTaX .Rp;epHOfl tpH3HKH, TaKIIX <i>YHt~aMeHTanbHbJX 

HH$OpMC!QIIOHHbiX KOMllOHeHT, KaK $HHHTHbJe H nepHOAHl.leCKUe, 
C llOMOII.(biO annpOKCHMa}\HH B KBa.u,paTHl.IHOi'J MeTpHKe C BeCOBOli 
<l>YHKWieH:, no.u;o6paHHOH cne}\HanbHbJM o6pa3oM. Po6acTHa.R 
llO,D;rOHKa .fiBn.ReTC.fl l.laCTHb~ cnyqaeM TaKOH annpOKCHMal\HH. 

Pa6oTa Bblnonneua B fla6opaTOPHH Bbil.IHcnHTenbHOH TeXHHKH 
H aBTOMaTH3al\lfH OHHH. 
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Zlokazov V.B. PID-87-894 
A Method for Decomposition Filtration of Distributions 
by Nonlinear Generalized Fitting 

A method for filtering of such fundamental components 
of distributions as finite or periodic ones is described, 
which uses the approximation in the quadratic matrices 
with the weight function, chosen in a special way. The 
robust filtering is a particular case of such an approxi
mation. 
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