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IIpu pa3paboTke MaTeMaTHYECKOH MOJENN JUHAMHYECKOH CHCTEMBI BCErJa BO3ZHUKAIOT T
WIM MHBIE TEOPETHYECKHE M NpaKTHYeckue TpyAHOCTH. Hampumep, OTCyTCTBYIOT CTPOro
ompeselIeHHbIe IPaBUIa BEIOOPA MEPEMEHHBIX COCTOSHUSA, IOCKOJIBKY HE CYIIECTBYET ORHO-
3HAYHOT'O TPEACTABICHHS CTPYKTYPBl IMHAMHYECKON CHCTEMBI. BBIOOp IepeMeHHBIX COCTOs-
HUS IPH peanu3anuy GHIbTPa MOXKET OKa3aThCsl KPHTHIECKUM B CMBICIIC MUHHUMH3AIMH Tpe-
OyeMbIX BbIuMciaeHHH. [Ipy 3amaHHON HOCIE10BATENbHOCTH U3MEPEHUH (UIBTP, B KOTOPOM
00pabaThIBaeTCS BEKTOP MEPEMEHHBIX COCTOSHHUS, MOXKET IIOTpeOOBaTh TaK MHOI'O BBIYHCIIU-
TEeJIBbHBIX ONlepanuii, 4To GaKTHYECKH YAAETCs MCIONb30BaTh TONBKO YAaCTh MONYYEHHBIX M3-
Mmepenuii. [Tostomy npaBribHOE HOPMHPOBAHUE BEKTOPA COCTOSHUS MOXKET IIPUBECTH K 3HA-
YUTEILHONH YKOHOMHHU B BBIYMCICHHAX. BaKHBIM MOMEHTOM SBIISETCS M MOJIEIUPOBAHHE U3-
Mepenuil. IloBeneHne AMHAMUYECKOM CHUCTEMBbI OLIEHMBAETCS MO Pe3ylbTaTaM H3MEPEHH.
Ecnu usMepeHus BeKTOpa KOPPEIUPOBAHHBEL, TO COOTBETCTBYIOLIUE IpeoOpa3oBaHus Iepe-
MEHHBIX B HeKOPPEIHPOBAHHYIO CUCTEMY U3MEPEHHH MO3BOJLIIOT Pa3JelIUTh UX [0 BPEMEHH.
MoryT Takxke HMEeTh MECTO CITydaH, KOTJa OTAeIbHbIe H3MEPEHHS IIPOU3BOAATCS C OUEHD BBI-
COKOH CKOPOCTBIO MIIM XapaKTepPHU3YIOTCs OOJIBIIOH HEONpeIelIeHHOCThIO, U3-3a 4ero o0beM
nHGOPMAIMU O COCTOSIHHU JUHAMIYECKOH CHCTeMbI Bo3pacTaeT. OTMETHM, 4TO IIPU MOJENH-
POBaHMU MHOTMX 3a/a4 NPOMBILUIEHHOCTH UCIIOJIb3YIOTCS MOJIENIM OUEHb BBICOKOTO MOPSIKA.
ITpu 5TOM B cHcTeMax yIpaBICHHUS HE BCETAA yaeTCs MOTyYHTb HEIOCPEICTBEHHO B peallb-
HOM MaciuTabe BPEMEHH M3MEPEHHUsI BCeX HMEePEMEHHBIX COCTOSHHS CHCTEMBI H BCEX KOMIIO-
HEHT BEKTOpa BO3MyIIeHus. [loaHoe MogenupoBaHue JUHAMHIECKOH CHCTEMBI, IIyMOB U U3-
MEpEeHHil O3BOJIsIeT IPHUMEHHUTh aNropuTMbl ¢uiabTpa Kanmana. B npakrudeckux mpuiioxe-
HUSIX (HaIpuMep, B 3aJja4aX ONTHMH3AINH) JUIS PEIICHUs CHCTeM JINHEHHBIX anre0pandecKux
ypaBHEHUI IPUMEHSIOT MeTo], XO0JIeKoro (MeTo KBaJpaTHhIX KopHel). lis MHOIHMX mpak-
THUYECKHX 3a]a4 OKa3bIBACTCS HEOOXOIMMBIM YIIYUIIUTh AlPHOPHYIO HH(POPMAIHIO, HCIIOIb-
3ys IaHHbIe U3MEPEHUH, OIyYeHHbIe B IPOIiecce PabOThl CHCTEMBL.

KiioueBble ci10Ba: MareMaTHdecKkas MOJENb, HACHTH(OHKAINSA, MOJIEITUPOBAHHE, OCIbIi
LIyM, yIpaBjleHue, OLleHUBaHUE IIapaMeTPOB, MeTO I XO0JIEKOT0, KOPPEIUPOBAHHBIN HIyM

DOI: 10.17212/2307-6879-2016-2-58-67

* Crarpa noxyuena 11 ¢pespans 2016 .



Dopmuposane KOppenupoBantbIX ULYMOE 59

BBEJAEHUE

Pemennio BONpOCOB akTHBHON HMJICHTU(PHKAMH AWHAMUYECKHUX CHCTEM IIpH
JEWCTBHHU IIyMOB, BO3HHKAIOMINX B TMHAMHYECKOH CHCTEME W MPH HAJMYUH OIIHU-
00K M3MepHTeINs, NOCBAMEHH padoTsl [1-23]. B aTux paboTrax I OLEHKH Kade-
CTBa HKCIIEPUMEHTAIBLHOTO MaTepHasia HCHOJIb3yeTcsl MH(POPMAIOHHAS MaTpHUIla
@umepa. OTMETHM, YTO B JAHHBIX pabOTax B KaueCTBE ITOMEX IUHAMHUKH U U3Me-
pUTeNs paccMaTpUBAJICS OENbId LIyM, YTO SIBJISIETCS aOCTpakiued B HEKOTOPOM
CMBICIIe, TaK KaK B pPeaJIbHBIX CHCTeMax OelNbli IIyM He peanusyeMmblil. B manHoi
paborTe MmokaszaH MpUMep peaju3alii KOpPeIupOBaHHBIX IIYMOB.

1. MATEMATHYECKAS MOJEJIb

PaCCManI/IBaCTCﬂ JIUHEHHas MOJ€JIb CO MHOI'MMH BXOJaMH-BbBIXOAaMH B CJIC-
nyromieit hopme [8]:

A2y = B(2)uy +&,

e u, y, & SBIAIOTCS BXOTHOM, BRIXOAHOM M BO3MYIIAIOIMIEH MOCIEIOBATEIIEHO-
CTBIO COOTBETCTBeHHO. [Ipenmnonaraercs, 4To

B(z)= Blz_1 + Bzz_2 +...+ B,z ", A(z) =diagla(2),...,a(2)],

-1 -n
rae a(z)=1+aqz  +...+a,z " . Takxke NPUHITO, YTO & MOXKET OBITH MPEICTaB-
JIEHa B BUJE aBTOPETPECCUOHHON JTMHEWHON MOJENH, T. €.

F(Z)EJ/( =&,

rTae &p SABISICTCA HE3aBUCHMOI FaYCCOBCKOﬁ MOCJICA0BATCIIBHOCTBIO C HYJICBBIM

CpeIHHM U o011ei koBapuammed ¥ U F(z) MoxxeT OBITh IpeICTaBlIeHa B BUIC

F)=I+FRz '+, .+Fz 7.

2. IPUMEP ®OPMHUPOBAHUA KOPPEJIMPOBAHHBIX IIYMOB

s popmupoBanms B cpene Simulink KoppenrpoBaHHBIX ITyMOB UCIOIH30Ba-
JIOCh pa3ioXkeHne XOoJIenKoro. JIeMeHThl TPEYrolbHOH MaTpHULbl XO0JIEeKOr0 BbI-
YUCIIUTICH 10 CIeAyommM GopMyiam:

hy=ya . lhy=ap/hy, je[2,n],
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i—1
a; - Y12, ie[2,n],
p=1

i-1
p=1

a i~ 3JIEMCHTBI HCXOHOU KBAJIPATHOM MATPUIbI PAa3MECPHOCTU 11X 71 .

Mogenb cucTeMbl UIMEET CIAEAYIOIIUI BUI:

Y1 Y1 | b1“ bl]2 U
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* il 22 ' +
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TA€ € SBISIETCS IOCIEI0BATEILHOCTEIO HE3aBUCUMBIX, OJUHAKOBO PACIIPEIEICH-

HBIX T'ayCCOBCKHUX CIyYalHBIX MMEPEMEHHBIX, UMEIOILUX HYJEBOE CpEIHEE U KOBa-
puanuio X, T. €.

11 12
X by
Z=[ 0 0

sl 522

B xauecTBe 0a30BbIX 3HAYEHHUI MPUHATHI CIIEAYIOIINE BEIUYNHBL:

a = 09, a) =—0.6,

0.8 0.2 0.3 03 0.6 03 1.0 0.5
Bl = 5 BZ = 5 F= 5 X = .
02 04 0.3 03 0.4 0.6 0.5 1.0
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B pesynbprate nmeeM MaTpHIly XOJIELKOTO B CIEAYIOIIEM BUE:

1 0
Hol = .
0.5 0.866

[Tocne paboTHl aNropuTMa OICHUBAHUS MapaMETPOB OBUIA TOYYEHBI CIICTY-
OlINE OIeHKH napamerpoB: ¢ = 0.8913, a, =-0.5930,

(0.7556 0.1483 (02934 02738
17102366 03539)° 2 103197 02697 )

(0.5910 02971 (09513 0.4767
104232 05813)7 7 104767 0.9896 )

PesynbraTel paboThl anropuT™Ma MpUBEACHBI MOCe TPEeThe uTepanuu. B nan-
HOM IIPUMeEpPE YUCIIO0 UCXOAHBIX TOYEK NPUHATO paBHBIM N = 600.

3AK/IIOYEHHUE

B nmanHolf paboTe Ha KOHKPETHOM NpHMeEpE MOKa3aHO HMCIOIb30BAHUE Paslio-
KeHUsT XOJIeKoro Uit (opMHUpOBaHMS KOPPEIUPOBAHHBIX MIyMOB. [lomydeHHbIE
PE3YIBTaThI SIBISIFOTCS XOPOLIEH MPEANOCHUIKON UIA €ro MCIIONb30BaHMS MpHU pe-
LIEHUH NPUKJIAAHBIX 337ad.
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Theoretical and practical difficulties always arise when mathematical model of dynamic sys-
tem is developing. For example, there are no the strictly certain rules of the state variables
choice as there is no unambiguous representation of the dynamic system structure. The state
variables choice at the filter realization can be critical in sense of the required calculations
minimization. At the measurements set sequence the filter in which the state variables vector
is processed can demand so many computing operations that actually it is possible to use only
part of the received measurements. Therefore the correct formation of the state vector can lead
to considerable economy in calculations. The measurements modeling is the important point
also. The dynamic system behavior is estimated by the measurements results. If the vector
measurements are correlated, then the corresponding transformations of variables to uncorre-
lated measuring system allow to divide them on time. Cases when separate measurements are
performed with very high speed or are characterized by big uncertainty can also take place.
Therefore the information volume increases. We will note that when modeling many tasks of
the industry the very high order models are used. At the same time in control systems it isn't
always possible to receive directly in real time all state variables measurements and all noise
vector components. Full modeling of dynamic system, noise and measurements allows to ap-
ply the Kalman filter algorithms. In practical applications (for example, in the optimization
problems) apply Holetsky's method (the square roots method) for the linear algebraic equa-
tions decision.

Keywords: mathematical model, identification, modeling, white noise, control, parameters es-
timation, Holetsky's method, correlated noise
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