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AHAJI3 OCOBNUBOCTEN PEKYPEHTHOIO METOQY 5
nocngoBHOro OuIHIOBAHHA NAPAMETPIB MOJENEW

Some useful peculiarities of a recurrent method for consequent estimation of model parameters are
considered; comparative effectiveness of its use in problems of structural-parameter identification is shown.

PosrasHyTo neski KOpHCHi 0cOGNUBOCTI PEKYPEHTHOTO METOAY NMOCHIIOBHOIO OLIHIOBAHHA [apaMeT-
pie Mozeneit Ta Moka3aHO NOPIBHANBHY e(eKTHBHICTB i{oro 3acToCyBaHHA B 3a/1a4ax CTPYKTYPHO-MIa-
paMeTpHYyHOT L1eHTHHKaLIT. ‘

3anaya igeHTHOIKaUil CKIagHHX 00’€KTIiB | IPOIECIB Y 3aralbHOMY BHIAJAKY Ile-
penbauae mobGyaoBy MOJENI 3a PEe3YJIBTATAMH CIIOCTEPEKEHS X GYHKIIOHYBaHHA, Jns
1i po38’A3aHHA HEOOXiZHO BH3HAYHTH CTPYKTYPY MOJEJI Ta OUIHKUTH 1i napaMeTpH.

YcmiwHe po3B’a3aHHA 3a/1a4i MOACIOBaHHA 32 JAHWMU CIOCTEPEKEHb 3HAYHOIO
MIpOIO 3aNIeKHUTh BiJl AKOCTI OL[IHIOBAHHS MapaMeTpiB NOPIBHIOBAHHX MOJeENel, ToMy
JOCTUDKEHHS ¢(DeKTHBHOCTI METOMAIB OLIHIOBAHHA MapaMeTpiB (Y CeHCi INBHAKOMAI Ta
JAOCATHYTOI TOYHOCTI) € BaXKJIMBHM 3aBIAaHHAM. Y pa3i 3aCTOCYBAaHHS HaHMOMYyJIApHI-
moro meroay HaitMeHmux keazapatie (MHK) 3agaua oniHioBaHHS 3BOJHTECS A0 PO3-
B’S3aHHA CHCTEM JNIHIHHHX anreOpaiyHHX piBHAHB.

PexypenrHuii meTox oopamaenns. [1ig vac sukopucranns MHK 3apaua ouinro-
BaHHA Mac CBOI aJITOPHTMIYHI acleKTH, WO iICTOTHO BIUIMBAIOTE Ha ii AKICTb.

HaiiBinoMilminMu MeTOJaMH PO3R’SA3aHHS CHCTEM JIIHIHHHX PIBHAHB € METOJ *BH-
KrroueHns [ayca, meron Kpayra, meron oproronanisauii I'pama-HIminra. Bizomo [4],
o s gobpe oOyMOBJIEHOT MATPHLII CHCTEMH PO3B’S3KH, OTPHMAHI 3a [IHMH METO/IAaMH,
TEOPETHYHO EKBIBAJICHTHI (32 KUIBKICTIO OHepaliil i TOUHICTIO PO3B’ S3KY).

Y 3apauax Bubopy kpauwoi perpecii [2] 3 30-x poKiB MHHYJIOTO CTOJITTA BiAOMHM
€ QJITOPHTM PEKYPEHTHOTO OOYMCICHHS OI[IHOK NMapaMeTpiB Y pa3i BBEACHHSA B MOJENb
HOBOTO perpecopa, sKHH €KBiBaJICHTHHH BHKOPHCTAHHIO T. 3B. MeTOLy oOpaMneHHs [1]
IUA PO3B’A3aHHA CHCTEM JIIHIHHHX piBHAHB. [Iokasano [1], 1o 3a KineKicTIO onepawii i
pe3yJibTaTaMH JUIf HEPEKYPEHTHHX 3a1ay Leil METOH piBHONPABHHH 3 KIACHYHHMH. [nes
PEKypeHTHOro anroputMy — momudikanii MHK — nomsrac B moKpokoBOMy YTOYHEHHi
OLIHOK [1apaMETPiB 3 iCTOTHUM BUKOPHCTAHHAM MiJ 4ac OLIHIOBAHHA PEKyPEHTHOrO 00-
YUCJICHHS €/IEMEHTIB 06epHEHOT MaTPHLIi NMOTIEPeAHBOTO KPOKY.

Omnucano [3] moaudikauilo TAKOro peKypeHTHOr0 aIropHTMY TIOCTIAOBHOTO OLii-
HIOBAHHS MapaMETPiB HAa OCHOBI MeToxy obpamnennsa. Hasenemo dopmynu uiei pexy-
PEHTHOI NpOLENYPH.

Hexait maemo BubGipky W = (X : y) , po3MipHicTh Kol dimW = nx(m + 1) 2

3anuiuemMo CHCTEMY HOPMAILHHX PIBHAHL

xTxo=xTy. (1)
Po3iupeHa MaTpHIIs CHCTEMH MaTHME BUIJIAL
[XTX : XTy]. @)

Ddopmyna A7 OLiHIOBaHHA mapamerpis 3a MHK Taka:
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é=(XTX)_1 xTy. 3)

BeeneMo no3navuenus Ay nNoBHOI CHCTEMH

A A —
H=XTX={Hij, i,j=1, m};g=XTy={g,-,i=1, me. 4
Ta TaKi, MO Bi/INOBIAAX0Th MOZEJI, AKA MICTHTh 5—1 aprymeHt:
A . . . T A T A
Xs—l =[x1 Xyl ‘:xs~l] ’ Xs—lewl =I-Is-—l > Xs—ly= 8s-1- (5)
BKmIOYHBIIH s-H apTyMEHT, MaTUMEMO PO3ILUPEHY MATPHIKD HOPMAJIBHOI CHCTCMH:
Hyy h 851
H=| ;| gs=XsTy=[S , (©)
hs ns 5
o= X ixg, no=x{x, v, =xy. )

IIpu nosaBaHHI B MOZENE HACTYIIHOTO APrYMEHTY CJlij{ OOYHCIHTH 00EpHEHY MATPHLIO:

. 1
Hs_ll +B—asair —El—as
H' = ’ o (8)
)
ﬁs+l ’ 5
-1 12
ae a ZHS—th’ Ho =O, (9)
By =N, —hya;. (10)
KoediuieHTH MoJeNi micas BKIIOUEHHS $-TO apryMeHTy MaTHMYTh BUIIs]L
; 6 -0 . A
Bs - ef—l msas , 90=0, (11)
m.i'
4 1
W, =_(Ys _hses~l)' (12)

5

BaacrusocTti aaropurmy. BraxkemMo Ha aeski ocobnuBocti anroputmy obpam-
JIEHHS, OMHCAHOTO B poOoTi [3], AKi JO3BOJIAIOTH OTPHMYBATH HOJATKOBY iH(OpPMALiO
nij yac foro poGoTH.

KoopnunaTh Bekropa a, (9) € koediunieHTamu perpecii

X =(p(x1, D ¢ PRI xs_l) o (13)

TOOTO BU3HAYAIOTH 3AJICHKHICTh ApPTYMEHTY, AKHH BKIKOYAETHCA Ha s-MY Kpoli, Bifl 1o-
[IEPEAHBO BKIIOYEHHUX Y MOJIENb APTYMCHTIB.
Toni napamerp

n ;
— Bs — o &2
Ry=1-=2, e K;=3(x—x) , (14)
Ks i=l
€ KOe(IIIEHTOM MHOXHHHOI KOPENAIii Mk BEKTOPOM X, Ta BEKTOPAMH Xj, Xy, ..., X,_{, |

TOMY HOr0 MOXKHA BHKOPHCTATH JUIA OLIHKH TOTO, HACKIJIBKH CHIBHO $-i apryMeHT 3a-
NIEXKHUTH BIJ YCIX MONEPEIHIX.

Hecxnanno nepesiputy, mo koediuient f; € 0JHOYACHO BEIHYHHOK CEPEIHBLO-
KBAIPaTHYHOI NOMUIKH Mozeii (13), abo 3ammikoBoo cyMoro kBajpatis RSS(s) (re-
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sidual sum of squares) wiei Mozmeni. 3BiICK BHIUIHBAE LIE OAMH HOro 3MICT — BiH € Xa-
PaxKTEPHCTHKOIO CTyINeHA oOyMoBIeHOCTI MaTpuui mnany X ZX s s ab0 BENMYHHH BH-

3naynpKa uiei MaTpuui. Haseneno [1] npocry pexypentHy GopMysry aus o6uncieHHs
BH3HA4YHHKa MaTpHLi H, Ha ocHoBi P, :

A, =BA,, Ap=1. (15)

Taxkum 4uHOM, KO KoedinieHT B, OaH3bKuMIl A0 HYJL, TO BKIIOYEHHA S-TO ap-
TYMEHTY iICTOTHO 30iNBIUHTE BU3HAYHKMK MATPHII [UIAHY T4 YHCIIO ii 00YMOBIEHOCTI, a
OTe€, NOTIPIIHTE TOYHICTh OTPHMAHOTO PO3B’A3KY. MOXKHA 3anpoNOHyBaTH HepeBips-
TH, 94 He € B, MEHLINM 3a JeAKy TPaHHYHO MOXIHBY BEIHYHMHY, i AKIIO TaK, TO BH-
KIIOYHTH BiANOBIAHUH apryMeHT i3 Mozerni.

Orepauii, mosHayeHi Ha OIIOK-CXeMi 3ipOUKaMH, BIAMOBIAAIOTEH AITOPHTMY PEKY-
PEHTHOro 06YHCIIEHHA 06epHEHOT MaTPHIL.

Beenennsa matpui X i BexTopa y

!

Ofamcnena marpai H=X"X i BEKTOpa g=XTy

4

IMoyarkesi ymosn: 8=0, Hy'=0

1

OTpHMaHEA p 3B’ AKY

forssltom

{
() a, =Hk,
® e =1p, =101, -4 -a,);
EJ, = a.i (75 - hsrgs—lj;

Es—l - msas

Hl+aaal -oua

Bur enexris BexTopa &

IlopiBHsiHHA uacy BMKOHAHHSA CTPYKTYpHOI ineHTHdikanii y knaci Bkaane-
HHX cTpyKTyp. CTPYKTYpHy ifleHTH}IKalli0 y Kraci BKIaAeHUX CTPYKTYp AMs IIOpiB-
HAHHs 4acy BMKOHaHHA aNrOPHUTMIB 3/iHCHIOBAIH TaK: apryMeHTH (CTOBII MaTpHI
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X) BKIIOYA/IM B MOJIEIB 10 OAHOMY HOCIHIZOBHO, TOOTO CIIOYATKY NEPINUi, OTIM nep-
IIMX /ABa i TaK JaJli A0 MOBHOTO BKIIOYEHHS BCiX apryMEHTIB.

3acTOCOBYBIH YOTHPH METOJH OLIHIOBaHHS MapaMeTpiB:

- merox Kpayra;

— MeToA optoroHanmizanii I'pama-IlIminra;

— merog [ayca-Xopnana,

— PEKYPEHTHHI MeTO/ 00paMIIeHHS.

Martpnus X renepysanace posMipoM 290x300 (300 pisusue 3 290 HeBimoMumH).
Yucno obymosnenocTi MaTprii X mopisHioBaso 4,6e + 006, To6to 6yio BiAHOCHO He-
BeNHKE. [ TPBOX MEpIUHX METOoAIB OUIHIOBAaHHA 3HAYEHHSA NapaMmeTpie Mozeni o6-
YHCIIOBANH IIOPA3y MICHA BIIIOUEHHS YEPrOBOrQ perpecopa, Uil peKypeHTHOro anro-
PHTMY OOPaMIEHHS 3HAYEHHS NApaMETPIB Ha KOWHOMY Kpoui igeHTHdikanii He o6unc-
JIIOBANIH 3HOBY, a JIMIIE YTOUHIOBAIIH.

OTpHMaHi pe3ynsTaTH NoaaHo B Tadm. 1.

Tabanua 1. Yac sBukonanns nporpam (npoiecop Intel Celeron 800)

’ Me'ro,t: Yac BI:(OHaHHﬂ, c
{ Kpayma“ - 63
! Ipama-Limioma T o1
l Tayca-?Kopoana 92

[ Obpamnenns { 5,7 i

Ax 6aunMo, HaHMEHIIUH Yac BUKOHAHHA Ma€ anroputm oGpamieHHs, AKHil pa-
II0E HA MOPAAOK WBKMMLE 38 HalHyxHBaHIKA Meron Nayca-Xoppana. Bigsnauumo,
L0 TOYHICTE OTPHMAHOTO PE3yJILTATY 33 BCiMa MeTOAaMH Oyna 0HAKOBOIO.

CrpykrypHa inenTndikanis y kiaci BKIaJeHHX CTPYKTYP 32 PeKypPeHTHHM
MeToAOM obpamMienus 3 Pi3HHM MOPANKOM BKIIOMEHHs perpecopis. AJroputM B
OMUCAHOMY BHUIE BHINA/I 3ana€ QiKCOBAHMI MOPALOK BKIIOYEHHS perpecopis. Ane y
3araJIbHOMY BHIAJKy MOOYIOBH MOJENI 30BCIM HEOIHAKOBO, B AKOMY CaMe MOPSJIKY
BOHH BKIIOYaOThCA. [IpH LpOMy, K MPaBHIIO, BKIIOUEHHA BiAOYyBAa€ThCsH B MOPAIKY
cna/lanHa MapHoro KoedilicHTa kKopensiil Mk BHXOZOM MOZENi Ta perpecopamu. Aue
TYT MOX€ BHHHKHYTH NpoGaeMa 3 TOUHICTIO ONiHIOBAHHA HAPAMETPIB y Ppa3i MyJBTH-
KOJIHEapHOCTI PErpecopis, alke 3a TAKOTO MOPAAKY HE BPAaXOBYCTHCA MHOMKHHHA 3a-
NIEKHICTh BKIHOYEHHX Y MOJENb PETPECOpiB.

Hani mosano excnepuMEHTaNIbHI PE3YNBTATH NOPiBHAHHA Pi3HHUX BapiaHTIB BKIIO-
YEHHA PErpecopiB Mif Yac CTPYKTYpHOI ifeHTHdiKawii y knaci BKkNafenux CIpyKTyp 3a
PEKYPEHTHHM METOAOM obpamicHHs. IopisHioBanu Taki MeToau:

1. PekypenTHuit MeTOn 0OpaMiIcHHA 3 iKCOBAaHHM NOPAAKOM BKIIOUEHHS perpe-
COpIB.

2. PexypentHuii MeTol 06GpaMiIeHHs 3 BKIIOYEHHAM PErPECcopiB 3a MiHIMYyMOM
KPHTepilo AKaike:

FPE(s)="*S

RSS(s), (16)
n—s
A€ n — KUIbKICTh TOHOK BUMIPIOBAHb; § — KLIBKICTh BKIIOYEHHX Y MOJENb PErPECcopiB;
RSS — 3anuukoBa cymMa KBaapaTis.
3. PexypenTHHH Me€TOA OOpaMIICHHA 3 BKJIIOYECHHSM PErPecOpIB 3a MiHIMyMOM
koediicHTa MHOXHHHOT Kopensauii R (15).
4. PexypenTHHH MeToz OGpaMieHHS 3 BKIIOMEHHAM PETPECOPIB 33 CHAfaHHIM
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Excnepumenm 1. I'enepysanace perpecit y = x; +2x; +3x3. Koopaunaru sexro-

koedinienTa napHoi kopenauii R,,

piB X, Xp, X3 MAaTpHLI IUTaHY po3MipoM 5x20 yTBOPIOBANKCA 332 AOMOMOTOK) T¢HEpa-
TOpa BHNAAKOBHX YHCEN PIBHOMIPHO PO3NOAINICHHMH B Aiana3oHi [—1; 1]. KoopauHaru
ABOX NOJATKOBHMX PETPECOPIB OOYMCIIOBANIH TaK: X4 = X) X Xp, X5 = Xp X X3 . Pesynbra-

TH pobotn anroputMiB nogano B 1abm. 2. Tyt Cr(i), i=1, 5 — 3HaueHHs KPHTEPiI0
Axaixke (16).

Tabanns 2. OuiHwBaHHA NapaMeTpiB 32 peKYPEeHTHHM METOAOM oGpaMieHns 3 pisnum
NOpAAKOM BKJIHYEHHAS perpecopis

o

rmAﬂropmM Mopagok BrIOYEHHS Cr(1) Cr(;) il Cr(3) Cr(4) g‘ Cr(5) !
1 Xy, X2, X3, Xay X5 92,2 77,1 E 1,8¢-022 & 1,9¢-022 !Lgfe—{)ﬂ }
2 X, oy 3 %o % || 43 || 81 | 18022 | 1.9e-022 | 22e022 |
3 X3, X3, X], X5, F r—ja‘;— 8.1 1,8e~022 1,966—033“}[ 2,2e-022 1
4 X3, Xz, X4, X|, X5 44.3 8,1 8,8 l,9e—0m[. 2,2e-022

Excnepumenm 2. Marpuus rrany GpopMyBajiach aHAJIOTIYHO 10 [IEPLLOrO EKCIle-
pumenTy. Perpecia Mana Burag y = 3x; +2x; + x3. Pesynbrati nogaso B tabm. 3.

Tatanus 3. OuinoBaHHS NapaMeTPiB 32 PeKYPEHTHHM MET0A0M 00GpamMieHHd 3 pi3HUM
NOPHAKOM BKJIKOUEHHHA perpecopis

Ii\wﬂ”l_‘_(ZBHTM “ Tlopagox BKAIOYECHHS ﬁ Cr(1) I Cr(2) l Cr(BL_H Cr(4) |L§r(5) g
fl X, ¥ Ky % %5 | 174 || 26 || 260022 || 2.80-022 Il 320022 !

IL:,, X3, X3, Xay Xs ! 17,4_«}{ 26 || 260022 || 2.8-022 ] 3,2¢-022

i
3 } X2, X3, X1s X5y X3 42,8 l 20,6 2,6e-022 ﬂ 2.9e-022 ! 3,2e-022
-l S, By B 00 O il 10,4 2.7 ﬂ 28022 !l 3,2e-022 [

ITpoananizyBaBiliu pe3ynsTaTH, HaBeAeHi B Tabn. 1 i 2, MOXHA 3pOOHTH BHCHO-
BOK, 10 NapHHUi KoedilieHT Kopenauii He Ja€ HOCTaTHBOI iH(popMalil mpo mopsmoK
BKJIFOYCHHS PErPECOpiB Y MOJENb, alKE 3a LIMM QITOPUTMOM ICTHHHI PErpecopH He
BKJIIOYAIHCh NepiuHMH. [IpH BrIIOYEHHI 3a 3pocTaHHAM KoedilieHTa MHOXHHHOT KO-
penauii R iCTHHHI perpecopd BKIIIOYAIOTECA Y MOJens nepmnmMu. Ilpudomy B oGuuc-
JIOBAJbHOMY IJIaHI He JOKIANAloThCA CHEUiaNnbHi 3yCHILIA, aPKe 3HAUEHHSA LbOT0 KOe-
(illicHTa OTPHMYIOTb K PE3yJIbTAT HOPMAJIBHOI POOOTH AJITOPUTMY.
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