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Bsrancnenne nH(GopMannonHol MaTpuibl Duiiepa B HOAABIIONIEM OONBIINHCTBE CTyJacB sB-
nseTcst Hanbosiee BaKHOM ¥ CIIOKHOH B BBIYMCIUTEIFHOM IUIAHE YacThIO B ME)KEHEPHBIX pacye-
Tax NP PEIICHUN 33/1a4yl IUIAHUPOBAHMS SKCIIEPUMEHTOB JUISl MACHTH(UKALMHE INHAMUYECKHX
00BEKTOB, OMHCHIBAEMBIX MOJEISAMU B IPOCTPAHCTBE COCTOSHHI. OTMETHM, YTO HEH3BECTHBIC
HapaMeTphl, MOIeKAIIIe ONpPEIENCHHII0, MOTYT HaXOJNThCS B PA3INYHBIX KOMOWHAIMAX MaT-
puIl cocTosHUA M HabmoeHns. Kak npaBuiio, 1ist onpesieNieHns BEKTOpa COCTOSIHUS MCTIONb3Y-
I0TCSI (PUIIBTPHI U HE YUUTHIBACTCS TOT (aKT, UTO TOUHBIEC 3HAUCHHUS ITAPAMETPOB OOBEKTa He H3-
BecTHBI. IlorpemrocTyn, CBS3aHHBIE C ONpEJENEHHEM MapaMeTpoB JMHAMHYECKHX OOBEKTOB,
OKa3bIBalOT 3HAYUTEIHLHOE BIMSHME HA MOTPEMIHOCTU OLEHOK, MOJYYEHHBIX NP BBIYHCICHUH
BEKTOpa COCTOSHHUS. VIcronp30BaHe YCTAHOBUBIIETOCS PeXKIMA 3HAUYUTENHHO YHPOILIAET METO-
JIMKY BBIYHCIECHUS HHOPMAOHHOH MaTpHIbl Duiepa U sBISETCS aKTyalbHBIM JUIS IIPaKTH-
YecKoro NpuMeHeHHs. B J1aHHOH cTaThe paccMaTpHBalOTCsl OCHOBHBIE COOTHOIIEHHs, HEO0XO-
JIMMBbIe JUIs BBIYHCICHHUS dIeMeHTOB HH(OpManuoHHo! MaTpuisl dumepa B cirydae, Koraa He-
M3BECTHBIE TTAPAaMETPBl HAXOJATCS KaK B MATPHIIE COCTOSIHUS, TaK U B MAaTPUIE BO3MYIICHHUSL.
B pamkax naHHO# pabOTHI IPEIOIAraeTcs, YTO BCE MEPEXO/IHbBIE TPOLECCHl 3aKOHYMINCH, T. €.
paccMaTpHBAeTCsl yCTAHOBUBIIEHCS peskKuM. JIJIsT OL[EHKU BEKTOpa COCTOSHHS PacCMaTpHBaeMO
JIMTHAMHYECKOH CHCTeMBI Mcronb3yercss GpuubTp Kanmana ¢ 0OHOBJIEHHOM IMOCIIENOBATEIbHO-
creto. Ilporecc BBIYHCIEHHS 3/1EMEHTOB MH(OpPMAIMOHHOH MaTpuipl duiiepa B yCTAHOBHB-
IeMcsl peXKUMe MOXKHO pa3OUTh Ha TPH OCHOBHBIE Ipynmnbl. OfHa TPyNIa ypaBHEHHUI peraeTcst
KaK CHCTeMa HEJMHEHHBIX anreOpandecKnX ypaBHEHHH, BTOpas Ipymna — Kak CUCTeMa JIMHEi -
HBIX aIreOpanyecKiX ypaBHEHHH, TPEThs TPYIIa ypaBHEHHH — KaK COBOKYITHOCTH JIMHEHHBIX

YPaBHEHHH, PEIIaeMbIX IOCIEI0BATEIBHO JPYT 32 APYTOM.
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BBEJAEHUE

[ToBbIIIIEHHE TOYHOCTH U HAJCKHOCTH YIPABICHUS TUHAMHYECKUME 00bEKTa-
MH BO MHOTHX OOJIACTSX HAYKH M TEXHUKHU TPeOyeT JalbHEHIIero pa3BUTUS U CO-
BEPIIEHCTBOBAHMS METOJOB WX miaeHTH(uKkamun [1-22]. B mocnennee Bpems oco-
OCEHHO Ba)KHBIMH OKa3bIBAIOTCSl TAKUE METOJIbI OIICHKH Ka4eCTBa HKCIIEPUMEHTAIb-
HBIX JJAHHBIX, KOTOPBIE OJDKHBI 00€CIICUNTh HanOO0JIee TOYHbIC OLIEHKH COCTOSHHS
U NapaMeTPOB JTUHAMHYECKOTO 0OBEKTA.

1. IOCTAHOBKA 3AJIAYHN

Jliis TMHEHHOTO JUHAMHUYECKOT0 00BhEKTa
X1 = Pxg +Wuy +Twy s vy = Hxgg + v

MMOCTAaHOBKA 3a/1a4¥l aHAJOTMYHA 3amade, chopMymupoBaHHOH B paborax [12-14].
PaccMoTpuM MeToauKy (hopMHpOBaHHSA MHGOPMAIMOHHOH MaTpHIpl Puimepa st
clyuas, KOTJ]a Hen3BeCTHbIe mapameTpsl 0 =(0;, 0,,..., 6,,) HaxomATCcs HE TOIBKO

B Matpunie @ , Ho u B Matpure ', 1. e. ©(0), ['(0).

OTMeTnM, 4TO JUIS OLIEHKH BEKTOpa COCTOSIHHS pacCMaTpUBAaeMON AMHaMHUeE-
CKOM cucteMsl uctonbdyercs Gpuiptp Kammana [16-20]:

.ik+1:(b)’(\7k+qjl/lk+KVk, J’k+1:chk+kaa
-1 n
e vi =X [y —Hiy ]

)1/2

T T T
Pk+l,k=(Dl)k,k(D +FQF ’ z“:(I—Iljkﬁ—],k]_l +R 5 K:cI)Klk_H,

Ts-1 -1
Klj = Pk+1,kH 2l Pk+1,k+1 = (1_K1k+1 z"k+1H)P/’H—l,k .

IIpennonaraercs, 4yTo BCe MEPEXOAHBIE MPOLECCHl 3aKOHUYMIUCH, T. €. pac-
cMaTpuBaercs ycraHoBuBieiics pexum [12-20]. TpeOyercss OICHUTH BEKTOp Ia-

pametpoB 0, ucmonb3ys HecMeneHHY0 3¢ (ekTHBHYIO OIeHKY 0 ¢ KOBapHaIMoH-

HOW MaTpunen M -l ,rne M — unadopmannonnas Marpuna Qumepa.
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2. BBIBO/JI BBIPAYKEHUSA IJI51 BBIYUCJIEHUSA MATPULIBI ®PUILTEPA
JIJISI OIEHKH MTAPAMETPOB JMHAMUWYECKHX MO/IEJIEM
B YCTAHOBUBHIEMCS PEXXUME

B mmxenpuBeneHHpIx Gopmynax 3aBucuMoctbh Matpuy @ um I' ot mapamer-
poB O B SIBHOM BHJIE HE yKa3bIBaeTCs. AJITOPUTM BBIYMCIICHHUS IIEMEHTOB MaTpH-
el dwuiepa TOCTaTOYHO MOAPOOHO PacCMOTPEH, Hampumep, B padortax [12—14].
Iycts ®=6,, ¥=1, '=0,=1, H =1. Hixe npuBogurcsa cnucox ¢Gopmyi, He-
00XOIUMBIH JIJISI ”HXKEHEPHBIX PacueToB.

IIepBas rpynmna:

B=0R® +TOr", s, =(HRH"+R)"?,
Kl, =RH's]', B =(-KI1,3,'H)R.

Bropas rpynna:
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Tpetbs rpynna:

K2 K1 K2 K1
K2, —oKl,, Ko 0Py  oKly 0K, o OKl,
20, 08, a0, o6, 26,
_ K2, _
® 0 K2y 51 5
oD O e] 00 ~00 91
Pur=|Zo0 C©-K2,20H s Kyp=
|
0 0 O-K2,5'H K2y ko, 51 B
| 00, 00, |
Y
_ _ T T
W= s X1 = O x Y qu, Ty =02 Py KKy
0
. . T
gk || Rkrre - _T T
EN = |20, | [T< [ZA,kJrl,k +xA,k+1,kxA,k+1,k:|Ci :
i j

OTMeTHM, 9TO NepBast rpymnIia ypaBHEHUH pelIaeTcst Kak CUCTeMa HEJIMHEHHbBIX
anreOpandecKux ypaBHEHHH, BTOpas IPyIIa YpaBHEHUA — KaK CUCTeMa JTMHEHHBIX
aredpanyeckux ypaBHEHH, TPEThsl TPYIIa ypaBHEHHH — KaK COBOKYITHOCTbH JIH-
HEHHBIX YpaBHEHHH, pelaeMbIX MOCIeA0BaTEIbHO APYT 32 APYTrOM.

3AK/JIIOYEHUE

B nannoii pabore mpeacTaBiIeHBl PaCUCTHBIE COOTHOUIEHHS ISl BBIYHCICHUS
9JIEMEHTOB HH(POPMAIMOHHON MaTpuibl Duiepa, Koraa rnapamerpsl, Mo JieKalue
OTIPENIeICHUI0, HaXOMATCSl B 3JEMEHTaX MaTpulbl cocTosHus @ u aneMeHTax
MaTpUIlbl BO3MYIIEHUS |’ NpH omuMcaHuM TUHAMHYECKHX CHCTEM B IPOCTPAHCTBE
COCTOSIHUH 110 TaHHBIM YCTaHOBMBILIETOCS PEKUMA.
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The steady-state use for Fisher matrix calculation at the parameters
determination of the dynamic systems”
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The Fischer information matrix calculation in the suppressed majority of cases is the most im-
portant and difficult part in the computing plan in engineering calculations at the problem so-
lution of the experiments planning for the dynamic objects identification described by models
in the states space. We will note that the unknown parameters which are subject to definition
can be in the various combinations of the state and observation matrixes. As a rule, the filters
are used for the state vector definition and the fact that the exact values of the object parame-
ters aren't known isn't considered. The errors connected with the dynamic objects parameters
determination exert considerable impact on the estimates errors received at the state vector
calculation. The steady-state use considerably simplifies the calculation technique of the
Fischer information matrix and is relevant for the practical use. In this article the main ratios
necessary for the elements calculation of the Fischer information matrix are considered in case
the unknown parameters are both in a state matrix, and in the noises matrix. Within this work
it is supposed that all transition processes have ended, the steady-state is considered. The
Kalman filter with the updated sequence is used for the state vector estimation of this dynamic
system. The calculation process of the Fischer information matrix elements in the steady-state
can be represented into three main groups. One group of the equations is solved as the nonlin-
ear algebraic equations system, the second group of the equations is solved as the linear alge-
braic equations system, the third group of the equations — as set of the linear equations, solva-
ble consistently one after another.

Keywords: identification, state estimation, dynamic system, Kalman filter, parameter estima-
tion, Fischer matrix, mathematical model, steady-state
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