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CXOIMMOCTh !
IIOMEXOYCTOMYNBAS
OWIbTPAIINA

TPUIIOK B.U.

PaccmartpuBatoTcst ycJioBUsI CXOOAMMOCTH O1ieHOK. [TpuBo-
IATCS Pe3yJbTaThl, AEHCTBUTENbHBIE IS Caydasl mapa-
METPOB, M3MEHSIIOIIMXCS BO BPEMEHHU, U aJalTUBHOIO
perynupoBaHus. Mccnenyercst Bum nmpuoamkeHHoro M -
(unbTpa u ero koBapuallMoHHOI Matpuubl. [Ipentaraer-
CsI aJITOPUTM OIICHWUBAaHMSI, OOJIANAIOIIMI TTOBBIIIICHHOM
TOYHOCTBIO.

PaccmorpumM cuctemy S:

YO =fs(ty " u v,y =v(©0), (1)
rae fg () — IeTepMUHMPOBAHHAS QYHKLIMS U {v(t)} —
CTOXaCTUYECKUIA MTPOLIECC TAKOM, YTO

E[V(t)‘vt’1]= 0, tme v =(v(t=1), - v(0)).,
C BXOJIHBIM CUTHAJIOM
u(®) =vx (ty'u'~lw). 2
3necs Vy (+,,') — HaHHasI TeTepMIUHUPOBAHHAsSI DyH-

KLUMA U w(t) — JaHHBIA IeTEPMUHUPOBAHHBII CUTHAT
“BHEILHWHI BXoA”.

Cucrema S OABCP2KCHA CJIICAYIOIIMM YCIIOBUAM .

S1:Ilyctb v(-) u w(-) —aBaCTOXaCTUYECKUX ITPOLIEC-
ca. OnuH 13 HUX WU 00a MOTYT OBITh 1IeTEPMUHUPO-
BaHHBIMU TOCIen0BaTeIbHOCTAMU. [1ycTh W' — 0 -

anre6pa, reHepupyemast (v', w'). [Ipeanonoxum, 4ro

E(v(t)‘WH) =0.

$2: E(v(tyv(t)" ‘WH) >8I, 550,

S3: 3amknyTas cucrema (1), (2) — 5KCIIOHEHIIMAIBHO

YCTOMUMBA, YTO MbI OTIpeIessieM KaK Ciaeayloliee: 1ist

KaxJao0rot,s; t > s CyILIECTBYIOT CJIydyaiiHbIe TIepeMeH-
o (8] t

HBIE yJ (t),ug (t) , KOTOpBIE IpUHamLIeRaT W , HO He

3aBucaToT W*,rae W' - o - anre6pa, reHepupyemas

Vt,Wt , TAaKHE, 4TO

4
Epyo-yeo| <o,

E‘u(t)—ug(t)r <O 3

JUIS1 HEKOTOPBIX C < o0, A <1 mpu y¢ (t)=0,uf (t) =0.

PaccMoTpuM Habop Moaeseil, ToaBe p>KeHHBIX CJETY-
JOLLIMM YyCJIOBUSAM M 1.

IpenmmonoxuMm, 4To PYHKIVS
-1t
gm(©@;tyg ug )
muddepeHIMpyeMa 110

ITycts Dy, — kommnaxr. [1peamnomnoxum [1,2], yto
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® s Bcex OeDyy.

-1 -1 -1 -1
lem (@t 007 a5 ) — gy (@B, B5)| <

t
<CXI oy OB O+ ©-pa 6}, @
s=0

|gM(®; t,0t71 0t )| <C,rme 0! =(0,---,0)

t—1 t—=1 nt-1
mo; =(a;(t=1,-,0;0) uaBcex t, a;, ,p; H
® NOpUHALIEXAT OTKPBITOW OKPECTHOCTH D), , TOe
C=<o u A=<1. IlpenmosoXuM TakKxke, 4YTO

(d/dO)gy (©;y5 ', ub") nomsepxena (4).

KpurepuanbHbie hyHKLIUN 1(t, ®; €) MOTYT ObITh ITOA-
BEPXKEHBI CIIEMYIOIIUM YCIOBUSAM PETYISIPHOCTH:

0
‘E I(t, ©;¢)| < cfe] , ® e Dy, IS BCEX t,

Sc|8|2,®eDM, (5)

0
—1(t,0,¢
o

n7s1 Bcex t —ycnoBue Cl.

JlokaxkeM OCHOBHOM pe3yJbTaT MU CXOOUMOCTH U
aHa/IM3a NICHTU(ULIPYEMOCTH.

ITyctb cuctema S, nanHas (1), ¢ BXOZTHBIM CUTHAJIOM,
JaHHBIM (2), MOoABEPXKEeHA YCIOBUSIM S3.

ITyctb Habop Moneneit M noneepxkeH yciopusim M1 u
MyCTb KpUTepraabHast QyHKLU 1(t, ©, €) COOTBETCTBYET

Cl1. Torma

sup QN (@, yN,uN)—EQy (@, yN,uNT) - 0(6)
®eDy

C BEpPOSITHOCTBIO 1 mpu N — oo .

[MocnenoBatenbHOCTL QYHKLMIA EQy (O, yNuNh
HETIpEPHIBHA B © .

TunuyHEIA BEIOOP B TPUMEHEHUSIX

1(t,0,8) = |g|2, 1(t,0,e) =1/ 2(8TA_@18) +
+1/2(logdet Ag)

(h(Q)=Q) 1(t,®,8)=38T, (h(Q)=detQ) . (7)

ODTU KpUTEpUU KBaIpaTUUHBI 1O g B peanbHbIX
MPUMEHEHUSIX Yallle BCETro HCIojab3yeTrcsa I(t,®,¢),
KOTOpOE BO3pacTaeT 00Jee MeIJICHHO, YeM KBaIpaTiy-
HO IO ¢, T.€. CJIEAYET IPUHSATH

1(t,0,8) = a(ld’), ®)

rae o(t) — Bo3pacTarouiast ¢GbyHKIMS Takasl, 4To
ot)/t— 0 mpu t — oo, DTO neylaeT Kputepuit poda-
CTHBIM TIPOTHB TIJIOXUX U3MEPEHU ¥ COOTBETCTBYET
TMIPEIITOIOXKEHMSM, YTO BEPOSATHOCTh BEIOPOCOB BHIIIIE,
yeM IIpu pacnipeaenennu [aycca.

Hnsa dynkumu 1(t,0,¢) HYXHO BBECTUM HEKOTOpHIE
COOTHOILIEHUST, HEOOXOIMMBbIE [IJIs1 10Ka3aTeJIbCTBA CXO-
JMMOCTH OLIEHOK 1 COCTOSITEJIbHOCTY METO/Ia [apaMeT-
puyeckoil uneHTUdUKALMKY, BKIIIOYAKoIIKe pacnpee-
JIEHMSI OLLIMOOK MpeCKa3aHMsI.
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IIpuBenem nBa ycaoBUs Ha KpUTEPUATbHYIO (DYHKIIMIO
h().

C2: ®ynakmms h(-) HenpepbIBHA, U ecii A1 B cmmMeT-
PUYHBIE, TTOJIOXUTENBHO-TIOYOIIPEACICHHbBIE MATPU-

1bl, TO h(A) > h(B) < trA >~ trB .
h()

trA > 0 = h(A+ A) > h(A) IJIs1 HEKOTOPOM CTPOIO Mo~
JIOXKUTEJIbHO-OMPENECTIEHHOM MATPULIBL A .

C3: Dyuknug HempepbiBHA u

Ycinosue C2 Goyee cuiibHoe, yeM C3. DyHKIUA
h(A) =trA ynosaetBopsieT u C2, u C3, Torma kak
h(A) = det A ynosnetrBopsier C3, Ho He C2.

Onpenenum pyHKLMO h(-) B Kputepuun
Vi @y, uN ) =@y (@;y N, uN Ty,
_ 1 X
Qu(@;yN,uN ) == 311, 0, 5(1,0)),
N5 )]
y(O)-gm @ty u) = ¢(t,0).
PesynbTat (6) 03HAYaeT, 4YTO MaTpuIia
Qn (@ yN,u™
CTAHOBUTCS MPOM3BOJILHO OJIM3KO, PABHOMEPHO B

® € Dy kK e€ oxxunaemotli BentnuunHe. [1peamnonoxum,
YTO IIpeaes

QO = lim EQn(@:y™.u™™ (1)

cymectByeT. CxogumocTs B (10) paBHOMEpHasI 10 @ .
Tak xak ¢pyHkuust h(-) B kputepuu (9) — HempephIB-
Has, TO

(11)
paBHOMEPHO B ® € Dy, C BepOATHOCTBIO 1 TpH N — oo
(11).

ITyctb HabOp BEIMUYUH @ , KOTOPbI MUHUMU3UPYET
h(Q(®)) , 0603HaYEH

Va (@;yN,uN T 5 h(Q(O))

DI(S,M,K,X)z{G

® € D.h(Q(®)) < min h(ﬁ(d)))},
oDV

(12)

Bosiee Toro, Tak Kak OLieHKa @ MUHUMH3UPYET Vy,
u3 (11) crenyet, 9T0 © — D((S,M, K, X) C BepOsIT-
HOCTbIO 1 mpu N —> o0 (13) . [I1sd mosyyeHust pe3ysib-
TaTOB, IEUCTBUTEIBHBIX IS CJIyyasi mapamMeTpoB, U3-
MEHSIIOLIMXCS BO BpeMEHU, U alalTUBHOTO PETyIupo-
BaHM S, TpeOyeTCs ONpeeIeHHbIN anpUOPHBII aHATU3
MeXxaHM3Ma ajanTauuu misg mnoarBepxkaeHus (10).
Beenem ¢pyHKIIMN

US(®)=I\}im suph(EQN(G);yN,uN_l)), (13)

UI(G)):I\}im inf h(EQy (@;yN,uN"y) . (14)
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Oo1uee onpeneneHre Habopa D, KOTOPOe ObLIO OI-
peneneHo (12) B ipeanonoxenuu (10), mpeacrasisier

D(S,M,K,X) = {®|® eDy;UNO) < ¢ngn US(¢)} (15)
<UM

ITpu BeimonHeHN ycioBud (6) mokasbiBaeM, 4To (13)
BBITIOJTHSICTCSL.

Ecnu 1(t,0,¢) — ckanssp (u h(-) — Bo3pacraroias),
MOTYT OBITh CIIeJIaHbl HEKOTOpPEIE yrpolueHust. I1pen-
MOJIOXKUM, 4TO 1(t,®, ¢) — CKaJIsAp U

Ele(t,0,|” > Ele(t,0,)]” = El(6:04,6(1,0,)) >

= El(t;0,,&(t,0,)).
3ametM, uyTo (16) — ycrmoBHMe KaK Ha (PYHKIIWIO
1(t,0,€) , TaK U1 Ha CBOMCTBA MCTUHHOM CUCTEMBI.
Hanpumep, eciu 1(t, ©; &) NpUHALIEKUT 001LIEMY KPH-
Tepuio Tina ciena (8), To (16) BBITOTHSIETCS, KOTIa
pacripeneneHue &(t,®) — raycCoBCKoe, HO He He00Xo-
MO JIJTsI OOIIMX pacpeaeIeHU I, TaK KaK o.(-) MOXET
He OBITh BBITYKJI0M. Eciit (16) u S1 BBIMOTHSIOTCS, TO
MUHEMH3ALWSE h(Q y (®; y N, uN ™)) ects T0 Xe camoe,
YTO MUHUMM3ALIHS

(16)

LS Eet @) = S Evo] +
N7 ’ N7

1N A 2 17)
+ 2 E[sO-yu(®)

N7
B (17) Tonbko nociaeaHUi YieH 3aBUCUT OT @ .

OnpenenvimM
s . 1N R _ 2
WS(©) = lim sup— Y Egs(0)-3u ((0)],
N—oowo N 1

oL 1N _ 2
wl(®)= lim mf—zE|ys(t)—yM(t|®)| ,
N—ow N 1

D} (S,M,X) = {®|® €Dy; WH(®) < min WS((I))} (18)
$eDm

CregoBaTelIbHO, TIPY BHITIOTHEHWN yclioBuit (6), a
taxke ycnosusa S1u (16), olieHka © N BEIET K Habopy
D1(S,M,X) ¢ BeposATHOCTBIO |1 Tpr N — oo.

OmnuiieM Bua NpubmKeHHoro M-¢uibTpa n ero
KOBapUallMOHHOM MaTpULlbl. OLIEHUM COCTOSIHHE X(n)
JIMHEMHON TMHAMMWYECKOM MOAEIM, ONMUCHIBACMOM
YpaBHEHUEM COCTOSTHUST

x(n+1)=d(n+1,n)x(n)+u(n), (19)

rae @ (n+1,n) —Marpuia epexona MeXay COCTOSTHU-
SIMU Pa3MEPHOCTU m xm ; u(n) — M-MEPHBIA BEKTOP
LIymMa ¢ KOBapralMOHHOM Matpuueit Q , . Pesynbrarsr

HaOMIOneHNIA Z(n) OlleHUBaeMOit (hYHKIIMH ITPEICTaB-

JISIIOTCSI TaK:
Z(n) = Hx(n)+v(n), (20)
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3mech H —Matpuiia KoHCTaHT, pa3MepHOCTH M H v(n)
- TIOTpeITHOCTh HabmomeHwit. [1o aHamoruu ¢ mpowc-
XOXIEeHNeM MeTona (pUIbTpali, OCHOBAHHOTO Ha
METO/le HAMMEHBIINX KBaAPaTOB, MUHUMU3UPYETCS
BBIpAXEHIE

N
S0 ~Hx@)/s)+u’ HQu@ /2 (21)

i=1
IIpU OTpaHNYCHUSIX BUIA
x(1+1)-Dx(@{i)—-u(i)=0;i=1Ln-1. (22)

Munumuzanms (21) naeT cucteMy ypaBHEHUIA, OTTUCHI -
BarOIIMX IPUOMXKEHHBIE (DVTBTPHI:

x(n+1/n+1)=X(n+1/n)+

+Pn+1HT1v(Z(n+1)—Hx(n+1/n)

)Sn+1;

(23)

Sn+l
x(n+1/n)=ox(n).

IMpubauxeHHast MaTpulia KoBapuauuit x(n+1/n+1)
3anaetcs popmyion

P =Pl +HTHx
x1'(Z(m+1)—Hx(+1/n))/s,141) /8241 (24)
Pn+1/n :q)an)T +Qn )
1,(X) _ {x, |x| <ko,
0, [x|>ke. (25)

CrnenoBarebHO, pe3yJIbTaThl HAOMIOAeHIT 00padaThI-
BalOTCS, €CJIM OCTATOYHBIE PA3HOCTH HaXOASTCS B
npeaenax + ko, rae 6 — OLIEHKA CTAHAAPTHOTO OTKJIO-
HeHUs1 HaOmomaemoro myma, 1<k<L8; s — mepa
paccesiHMS OCTaTOUYHBIX pa3HoCTel. PekoMeHayeTcs
OlleHKa BMIa o =MAD/0,7 [3,4]. 3nece MAD —

MeIuaHa MHOXECTBa {]a(t)—€|},rﬂe € — MenuaHa

{e(t)} . Jlns yBemMueHMs TOUOCTH MATPUILIBE P, , | Tpesi-

JlaraeTcsl IpeAcCTaB/siTh B (paKTOPU30BAHHOM BHUIE
COTrJJaCHO MeTony, mpeajioxkeHHoMY B [5 ]. Terepb
MOXHO YJIy4llIaThb pe3yJbTaThbl MOMEXOYCTOMUYUBOM
(WIIBTPALIN, MCTIONB3Ys! pasHble BHAbI hyHKIMM | 1

JpYTHe KOHIECTIIV Y, IPUMEHSIEMBIC B 3aadax ITIOMeX0-
YCTOMYMBOTO OLIEHBAHMSI ITAPAMETPOB PETPECCUN.

Jluteparypa: 1. Ljung L. On consistency and identiability /
/ Mathematical Programming Study, 1976. N 5. P. 169-190.
2. Ljung L. Consistency of the least-squares identification
method// IEEE Trans. Automatic Control, 1976. V. AC-
21. P. 779-781. 3. Holland P. W., Welsch R. E. Robust
regression using interactively reweghted least squares //
Commun. Statist.,1977. V.A6. P. 813-828. 4. Polyak B. T.,
Tsypkin Ya. Z. Robust identification// Automatica. 1980.
Vol. 16. P. 53-63.5. Ipuyrox B. H. PeKyppeHTHBbIIi aJITOPUTM
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PEAJI3AITIS 3AIAHOTO
PO3IMOILUIEHHS TEIUIOBOT JIi
3A TOMIOMOTOIO CUCTEMHU
CTPIYKOBUX EJJEKTPOHHUX
IMPOMEHIB

BAIIIEHKO B.A., KAHAIIIEBHY I'B.,
APObLOT 1.B., OHJJAPEHKO M.O.

OnucyeTbcs MTOCTAHOBKA 3a/1avi peasisallii 3aaHOro po3-
MOy MO NMOBEPXHi BUPOOY TEIMJOBOrO BILJIMBY 3a JOMO-
MOTOI0 CYKYITHOCTI HEpYXOMUX, AUCKPETHO pPO3TallloBa-
HUX Y37I0BX 3a3HAYeHOI MOBEPXHi JKepea TernaoBOro
BIUIMBY I'ayCiBCbKOI0 TUMY (OAMHUYHMX CTPIYKOBUX €JI1eK-
TPOHHMX IIPOMEHIB) Pi3HOI iHTEHCUBHOCTI BILUIMBY i KOeE-
(inieHTa 3ocepemxkeHocti. HaBoguTtbes onuc mporpam
peani3auii 3aa4i Ta aHai3 OTPUMAHUX Pe3YJIbTaTiB.

B pizHMx TexHOI0TiYHIX ITpo1Iecax 00POOKM MaTepiaiiB
PYXOMUMU JKepeJiaMy TEeIIOBOI il BUHMKAE 3a1ada
BM3HAYEHHS MapaMeTpPiB 3aKOHY PyXy IKepesa, TIpH
SIKMX 3a0e3MeYy€EThCS PO3MNOaiIeHa KBa3icTallioHapHa
nist Fros(x) [1—3]. BoHa BimoMa sIK 3agava peajizaiii
3aJaHOTO PO3MOIiIIEHOTO KepyBaHHS 3a ITOITOMOTOI0
PYXOMOTO JIxKepea JIii, a00 MpoCcTo — 3agavya peasizaliil
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[3, 4]. I1pn ii BupilieHHi HEOAMIHHO ITOCTA€E ITMTAaHHS
11040 (pOpMaJILHOTO YSIBJICHHS IXKepesia pyXoMOl il.
IToBHMIT MAaTEMAaTUYHUIA OIIMC PI3HOTO POAY PYXOMUX
JKepesl MOXKHA 3HaTHU B mpaisx [1, 5].

B npakTrunux 3amavax peanizaiii [3] B OCHOBHOMY
BUKOPHUCTOBYETHCS YSABJICHHS PYXOMUX IKEPEIT y Ta-
KOMY BUTJISIII (OMHOBUMIPHUI BUMAI0K):

F(x,t)= u(t)-\y[x—s(t),k(t)], N

ne F(x,t) — ¢pyHKIIis, 1110 OIMCYE it pyXOMOTI'O IxKepelia
(KepyBaHHSI); X — KOOpPAWHATA Y HAMPSMKY PyXy JIxKe-
pena; t — yac; u(t) — iHTeHCUBHICTb [Iil; y — HOpMOBaHa
¢yHkuig, mwo omucye ¢opmy mkepena; s(t),k(t) —
BiZIMTOBIIHO, 3aKOH MepeMillieHHs LIEHTpa [ii i 3aKOH
3MiHU fioro hopmu (KoedillieHT 30cepenskeHOCTi).

ITpuitHgaTa Ha TernepillHil Yac MaTeMaTYHA TOCTAaHOB-
Ka 3ajayi peatisallii 3BOIUTHCS 10 Takoro [3,4].

Heo0xigHo 3Haiiti mapameTpu u(t), s(t), k(t) mkepena
3a7aHol GOPMU, SIKE PYXAEThCS IO 00 €EKTY, i3 iHTeT-
PaJIbHOTO PiBHSHHSI:

1 T
Fros (X) = ? : ju(t)' ‘V[X - S(t)’ k(t)]dt 2)

0
IIpY HASBHOCTI BU3HAYEHMX OOMEXEeHb Ha yKa3aHi

napamerpu (T—aac 06poOKuM, TOOTO mepion mpu Oara-
TOLIMKJIOBOMY PYCi JpKepeia).
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