POCCUMCKAAd AKAJTEMMUA HAVYK
CUBMPCROE OTIEJEHNE

ABTOMETPMNAA

Noe 4 1999

YIK 519.24

A. K. Aonenos

(HoBocubupck)

K BOIIPOCY INOBBINIEHNA TOYHOCTU ONEHOR
ITAPAMETPOB HA OCHOBE OIITUMAJIbBHOTO
INJIAHUPOBAHMUSA
TOYHOCTU VIBMEPUTEJIEN

CraBurca 1 pellaeTcd 3afjada NJIaHMPOBaHMA KOBapMALMIOHHON MaT-
PMUIIBI IITyMOB M3MePUTeNA AJIA JOCTVKEeHNA 38 JaHHO TOYHOCTY ITapaMeT-
POB B MOfeJsM OUMHAMMKM IIpolecca. IIpensaraercsa ajropUTM aKTUBHOI
UAeHTU(VKAIMY, OCHOBAHHBINM HA ONITVMM3AIMI KOBAPMAIVIOHHON MaTPH-
LBl 1A TOCTVKEHMA JKeJIaeMOJl TOYHOCTY OTHOCUTEJBHO AVHAMMIYECKIUX
napaMeTpoB. [IpuBoanTCA pe3yJbTaT YMCJIEHHOIO pacdeTa JJIs TECTOBOTO
npuMepa.

Brenenmne. IIpu pertenun pana NpUKIIaIHBIX 3a/lad CTATUCTUUECKOI
00paboTKM MH(POPMAINN TIPUXOUTCA MCIOJIb30BATh METO/IbI OII€HVBA-
HMA IapaMeTPOB U COCTOAHMA 00bEeKTAa 10 JTaHHBIM HaOJIIOIEeHMIT 32 BXO-
JIOM-BBIXOJIOM M3MepUTeJIbHOI cucteMsl [1]. Takasa moTpeGHOCTE BO3HM-
KaeT, HAIIpMUMeDP, B 3aJadue HABUTAIUY II0 re0(PU3NYIECKUM IT0JIAM [2] 1 B
3a7ade AVArHOCTUKY TEXHOJIOTMUECKUX PEeKVMOB KOCMMUYECKUX POCTO-
BbIX YCTAaHOBOK [3]. B mepBoit 13 3Tnx 3ama4 HEOOXOAMMOCTD UCIIOTIb30-
BaHMA METOJIOB OLIEHMBAHMA 00yCJIOBJIEHA 3aBUCUMOCTBIO 3HAYEHWIT 13-
MepsAeMbIX II0JIeN OT IIONIJIesKAINX OIleHMBAHMIO KOOPAMHAT 00bEKTa, a
BO BTOPOJ 3a7jlade — 3aBMCHMOCTBIO IepeMEHHBIX OT BpeMeH! ITapaMeT-
POB KaK HEU3BECTHBIX B JIMHENHOV AudpepeHInaabHON MOgeN qUHA -
MUKM JIBVKEHNUA (PPOHTA KPUCTAJIINBAINUY OT CKOPOCTY POCTa KPUCTAJ-
JioB. [Tpu perrennn mofo6HBIX 327129 OlleHMBaHMA HauboJiee MpenodTy-
TeJIbHBI B OOJIBIIIMHCTBE CJy4YaeB aJIlOPUTMBI, o0ecliedmBalollye
MMHUMAJIBHYIO CPeIHEKBaJpaTUYeCcKyl OIINOKY OlleHMBaHUA. BBumy
CJIOPKHOCTM TOJIYYEHMA ONTYMAJbHBIX aJI'OPUTMOB PENIeHN 3a1a9 He-
JMHENHOTO OlleHMBaHUA IlapaMeTpoB, BXOAAMMUX B IauddepeHIn-
QJIbHYIO MOJEeJb OUHAMUKN, IJIA TPUOJIMIKEHHON OIIeHKV ITOTEeHI[MAJIb-
HOJI TOYHOCTY B 3TUX 33JadaX leJieco00pa3HO MCIOJIb30BaTh HUMKHUE
rpauunsl TouHoctu (HI'T), ycranaBimBaeMmble Ha OCHOBaHUM HepaBeH-
ctBa Pao — Kpawmepa [4, 5]. Takne HI'T 3agacTyro oka3bIBalOTCA JOCTA-
TOYHO OJIMBKU K IIOTEHIMAJBHONM TOYHOCTU U MOTYT OBIThH OIIPEJIeJIEHBI C
IIOMOIIIBI0 METOJIOB TEOPUM IIJIAHMPOBAHUA dKCIIepuMeHTOB. CyIiecTByeT
MHOKECTBO PbIYAroB yIIpaBJIeHVA SKCIePUMEHTOM JJIs ITOBBIIIEHN UH-
dopMaTUBHOCTM HAHHBIX HAOJIONEHNII C 11eJIbI0 HauboJjiee TOYHOIO Olle-
HMBaHNsA HEM3BECTHBIX AMHAMMUYECKUX napameTpos [4—6]. B naunoi pa-
boTe mpenjaraeTcsa METOOMKA IJIAHMPOBAHUA AUCIIEPCUOHHON MaTPUITHI
UBMEPUTEJbHON CUCTEMBI AJIA UAeHTUUKAIINM JIMHEMHBIX HecTalyo-
HAPHBIX HEIIPEPBIBHO-IVICKPETHLIX CUCTEM, MPEJICTABJIEHHBIX B TEPMU-
HaX IIPOCTPAHCTBa COCTOSHMIA.
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ITocranoBka 3amaun. IIycTe 00BEKT ommceiBaeTcA B (popMe OIHO-
MepHOI1 uddepeHasbHOM MOLEV C TOYHOCTBIO 10 HEM3BECTHOIO IIe-
peMeHHOro mnapametpa a(t):

% = a(t)¥(?), V(&) = ¥ t, t, Uy, tyl, (1)

rae Y(J— oceBoii rpazsMeHT TeMIlepaTyphl Ha (PPOHTE KPUCTAJIIN3aLNN
(PK) [3]. B oroimune ot mozest nuHaMuKK (1) MOogesb M3MePUTEeIId O~
CbIBA€TCA B BUJIE CTOXACTUYECKOTO NMCKPETHOTO ajredpamrdecKoro co-
OTHOIIIEHU A

Ve(t) =Hy(t) +W(t), k=L N, t, tO[t, ty]. 2)

3necb V; — BeKTOp maMepeHuii ckopoctu auskenns PK (mmm ckopoctsb
pocta Kpmcrasios) pasmepom m; {V(t,), k =1, N} — rayccoB GeJbli

ryMm uamepenuii ¢ xapaxkrepuctuxoi (0, R); H — BecoBoil BEKTOP-CTOJI-

Oer; pazmepomm X 1; R — KoBapMalMOHHAA MaTPUILIA IIIyMOB U3MEpPEeHUNA
pasMepoM m X m, XapaKTepuUs3yIlad TOYHOCTb U3MEPUTEJLHON CUCTe-
MbL VITak, MMEITCA M BUJIOB U3MepPUTEJIell, KOTOpble BeIyT HalJoe-
HIE 3a OCEBbIM TI'PAJVEHTOM TeMIlepaTypsl Ha PK.

Ilna obecrieuenna TpeOyeMoll TOYHOCTY IIPY MAEHTUMUKAIN ITI0BE-
IeHusa TpaekTopun aus mporecca {Y(t), t O[¢,, tyl}, a 3HaunT, HEeobXO-
IVIMOJI TOYHOCTM OlleHMBaHUA (PyHKIMM a(t) B auddepeHnnastbHoi Mo-
JleJIV IIpeJICTaBJIAET NHTEePeC UCCJIeJOBaHe BO3MOYKHOCTH JCIIOJIE30Ba -
HUA U3MEpPUTeJIell ¢ HeOOXOAMMbIMY TOYHOCTHBIMU XaPaKTEPUCTUKA M.
DopmasbHO cTaBUTCA 3a7ada aKTUBHON MAEHTUMPUKAIUN II€PEeXOJIHOM
dpyurumy a(t) Ha ocHOBe HamboJsiee MH(OPMATUBHBIX JaHHBIX HaOJIIOME-
HUI, KOTOpad MOJKHA ObITh 0obecrieyeHa ONTMMAJbHBIM ITOJ00POM 3Ha-
YeHU JMaroHaJbHBIX BJEMEHTOB KOBAaPMAIVMIOHHON MaTpuilbl R.

IInaHupoBaHME KOBapMANMIOHHOII MATPUIIbI IIIyMOB M3MEPUTEJIS.
IIpoananmaupyem BO3MOKHOCTD IIJIAHVMPOBAHUA TOYHOCTU U3MEPEHUI C
oMoInbi0 MHOpPMaIMonHoi Matpuikl Puinepa (VIMP), urobbr orge-
HUTb C Hallepes 3a/JaHHOI TOYHOCTBIO IIapaMeTpsl {a;, 7 =1, M}, koto-

pBIE COOTBETCTBYIOT DJIEMEHTAPHBIM y4acTKaM [t _,, t] 13 BpeMeHHOro
uHTepBaya(t,, tyl, rme {[t._,, t,] 00 [t,, ty], = 1, M} (M — uncio ase-

MeHTapHbIX y4dacTKoB). Ha KasKJOM TaKOM dJIeMEHTapHOM ydacTke Oy-
IeM IpeAnosaratb, 4to mpouecc {Y(t), t O [t _,, t.]4 =1, M} xBasucra-

LU/[OHaprII/I Ilocse mporeyp BOCCTAHOBJIEHUS OI[€HOYHOIO pPsma
a ..., a, noadbepeM K HEMY HEKOTOPYIO OLIEHOYHYIO (PyHKLMIO d(t).
M3B€CTHO, 4TO0 HVWMKHAA rpanuiia Pao — Kpamepa ompenensaercs c
TIOMOIIIbI0 HepaBeHCTBA [4]
1 <G, (3)

IJle IMaroHaJbHBIN dy1eMeHT (; KoBapMalMOHHO MaTpuIlbl G OTHOCHKTe-

JIBHO OIIMGOK OLEHOK AMHAMMYECKUX IapaMeTpos d; = E, |y [¢;] ompe-
1

JeJsisieTcsA BbIpaKeHueM

G=El(a(t)-a)°, 1Ot P [ &l

i 1M k=LN,. (4)
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3necy E — onmepatop mMaTeMaTHYecKOro OKumaHudA. B wacTtHOCTHM, nia
G, MOXXHO MCIIONIB30BaTh CJeylolllee COOTHOLIeHNe (U3 ABYX U3BECT-
HBIX [4]):

-1

9? i .
o F g ®
g &

rme P(V{ | @) — ycoBHas MIOTHOCTb BEPOATHOCTIL

Vlcxonma m3 OpezroJioyKeHnsa O TayCCOBOCTM IIIYMOB M3MeEpPEeHMNs,
MOJKHO 3aIliCaTh JIOTaPpUPMUIECKYIO PYHKIMIO I MOJEJN U U3Mep-
Tejient (2) cienyronmM 06pas3om:

L(a)=-1 S{vIH) R ) +og| R+log@n}, =im, @
k=1

roe V(t;) = Ve(tp) —Hy(t;c) n N; — 00beM BBIOOPKM AJIA i-T'O dJIeMeHTap-

Horo yd4actika. s Beranuciaenusa VIM® 6ymem ucrosb3oBaThb popMy-
ael (), (6) wm L(a;) =logP(V£|di), KOTOpbIe II03BOJIAT 3alNCaThb
coorHouIenne [4, 7, 8]

3 Dy(t) g MO0 i

M, = O H'RTH G =L M,
3 kzlEVzlaDaq 0% g (7)
M, =G (8)

Ina obecrieueHnsa MMHMMAJBHOM CpeHEKBaJpaTHdecKoi OIIMOKM
OLleHMBaHUA (CM. COOTHOIIIEHME (4)) MOYKHO BBIIIOJIHUTH IIPOLEAYPY MU~
HUMM3aIMM Ha OCHOBE KOBAapPMAIVMIOHHOI MaTpPUILI IIIyYMOB M3MEPEHMN,
T. €. HeOOXOIMIMO TIJIAaHMPOBATDH AUCIIEPCUIO (MM TOYHOCTh) OTHOCUTEJIIb-
HO KaiKJIOT0 M3MepuTesd, 4TOObl MUHUMU3UPOBATH COOTHOIIEeHUE (4)
niy MakcuMusupoBaTh (7). Ha mpakTuke nJa JOCTMIKEHUS sKeJiaeMOoil
TOYHOCTM IJIA NVHAMMYECKUX IIapaMeTPOB MOYKHO IIJIAHMPOBATH TOY-
HOCTB M3MepuTeseil. PaccMoTpuM OyH ajlropuTM aKTUBHON UIEHTU(M-
KallMi HEM3BECTHLIX [1apaMeTpPOB Ha OCHOBE ILJIAHMPOBAHUA TOYHOCTHU
U3MepPUTEeJbHOM CUCTEMBI.

IIycrs t O [0, T], x(0) = x(ty)) =x,, x(T) = x(ty). Heobxogumo ome-
HUTD d(t) C TOYHOCTBIO € = const, T. e.|d(t) — a(t)| < €t O [t,, ty], rae a(t) —
sMIupudecKkaa (PYHKIUA [IPU IIePEeMeHHOI COCTOAHNA, KOTOpasd MOKET
OBITH BOCCTAHOBJIEHA JJIA pAna 4, ..., dy.

SanuieMm cucrtemy (1), (2), KoTopasa popmMasibHO OyIET COOTBETCT-
BOBaTb KasKJOMYy dJeMeHTapHOMYy ydacTKy u3 t U [t,, ty]:

Y =aOu, )=y 4,8, FLM, (9)
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HVEI(t;{) H Er‘Ll H HV1(t§c) H
BVEZ“Z = G +DV2“’€)D, k=L N, i=1M (0
D
O
DVzm(tk)D %%D Hv k)H

AHasmTudeckoe pelleHne nida (9) sanmineTca B Buze

V() =204 YY), =L M, Yt) =y, (11)

noacTaBuB KoTopoe B (10), mosmyumm

Ve(t) =HY(t) +W(t), Ot 5 tD [t t, * IN;, (12)

roe At =ty —t; — ILIar KBAHTOBAHMsA, BHYTPY KOTOPOIO IIPOLIECC IIPEeAIo-

. R i—l 1 M-1 - M -
JlaraeTcsl KBas3MCTAIMIOHAPHBIM; t; = t t; =t tNW1 =t,, 1=1 M.

Marpuma zHabsmonerns H nveer caemyromryto crpykrypy: H = (hyy ..oy ).
Ecom rasknoe coorHomeHne B (12) momesmuTb Ha COOTBETCTBYIOLIEe
h, 1 =1, m, To BecoBoit BekTop Habmozenus (H) npeobpasyerca B
crosber; u3 enuuuil. Jlajee MCXOAA U3 HPEAIOJOKEHUSA, UTO BHYTPU

BJIeMEeHTapHBIX yuacTkoB [t' ), t'] mpormece {y(t), t O [t,, ty]} obmanmaer

CBOJICTBOM KBa3MCTAIMOHAPHOCTM, MbI BIIpaBe CUMTaTha(ty) =d;

=const, tfc O [ti_l, ti],i =1, M,k =1, N,. Torga MO’KHO 3amicaTb CIeLy-
IOIMIe COOTHOILIEHMA:

V(t)=e"* Wt 1), k=2, N, i=L M, W) =yt) =y,  (13)

Ve(ty) =HY(t) + \t), k=2 N,, i=1M, (14)

roe & =t, —t,_; — war uaTerpupoBaHus. C IoMoIbI0 CyOONTIMaIbHO-

ro ajsropmutMa u3 [7] MOYKHO OIIEHUTL HEM3BECTHBbIE MapaMeTpPhl IJIA
Kay¢/I0r0 DJIEMEHTAPHOTO y4acTKa. Takasa mporienypa faetT HaM OLleHOU-
HBIA PAX Ay, ..., Gy

Torma n3 (13), (14) 3anuieM COOTHOIIEHUA

T -e3(1)5. WE)= A6 k=L N. 1)

Permtenne 3aaun naccuBHOM MAeHTUMUKAIMY 0003HaAYNM dYepes {d;,
=1, M}. Tenepb MOKHO CTaBUThb 3a/a4dy ONTUMMU3AIMY Beandubl M,

B 3aBUCUMOCTY OT KOBapMallMOHHOI MaTpuUIbl R:
M - mgx, (16)

a;
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IZe CTPYKTypa KOBapMallOHHOV MaTpuipl R nmeer Bup
Erl 1 o .- 0 H
R= d) r22 “. 0 O

Y

U

%) o - F'oom O

Torpa dpyHKIMOHAI KadecTBa (16) MOKHO 3ammcaTh OoJiee YIIPOIIIEHHO

B BUJE

M., - max . (17)

aI
M11s s Fom

Vlexona ns (7) n (15), nmomyuum

% DaY(tk) H'RH 6\7(tb B:
05,
= 0
Ni N . o . A .
= }Ee%65yt2_0(0fg'1+...+(r&m)4)e%651t2_0 =

(18)

m N; .
=0y ()™ Y Vit )
=1 K=2

IIycTs moTpebHOCTY PAKTUKY JIJIA IINMPUHBI KOPUA0PA OTHOCUTEIIb-
HO MCTMHHOTO IIOBEJIeHMs IIpoitecca a(t) AMKTYIOT TOYHOCTh, KOTopas ObI
He MpeBbIIaJia Majioe 4ucjo £ PopMaJbHO 3TO TpeboBaHME 3aINIIeT-
csA B BUE

G=(M,)"<e, i=LM. (19)

Torpga cooTHoreHre (19) B pa3BepHyTOM Bujle OyET BBIMIANETD CIEY-

omyM 00pasoM:
-1

%2@6(6)2%(” Z (¢, E ¢

1=1 =

nJan
m N;
2a.0 2
™)y ()™ 2 Vit > 1,
7=1 =
m
1 1
S )
B d ~
1=1 2%w)zv%zn
HyCTb JJIA IIPOCTOTHI ’I"H =... = Tmm =7 Tor,z[a 3 I10CJIeJHEeTrO0 COO0T-

HOIlIeHNsA OyZeM MMeTh:
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A N’L .
eme®%(8)* 3 Vi(th_,)
k=2

OTKYJa OKOH4YaTeJIbHO IIoJIy4dYaeM

Ni .
ry<eme @) 3 VL) e

IlopgcraBiaa Ha KasKIOM DJIEMEHTAPHOM YYacTKe HadaJbHbIE 3HAUe-
HUA, [IOJYYMM OTPaHMYEHUS Ha TOYHOCTBH M3MepeHuil cBepxy. [lasee
IJIA pAfa dy, ..., 4, MOYKHO NOZOOPATh OLIEHOUYHYI0 PYHKIMIO d(t) C o-
MOIIIbI0 METOJIOB BBIUMCJIUTEJIbHON MaTeMaTury [8].

Paccmorpum uacTHBIA caydvait, korma M =1, m =1, § =0,01,
y(t,) = x(t,) =1 =0,01, N, =10, @ =F =1, 1. e. korza Y(t) — craumoHap-
HBIII IIpOIlecC Ha BCceM MHTepBaJe HaOJofeHud [t,, ty] 1 Tul usMepure-
Js ToNbKO oauH. Torga npuMeHeHne cooTHOIeHMA (20) I03BOJINT OIpe-
IeJIUTh BeJIMUMHY OUCIIEPCUN OINMOOK M3MEepPEeHUA JJIA U3MePUTEeJIA.

PesynbraThl pacuera npu pelieHny 3aiayuy akKTUBHONM UIEeHTU(UKA -
MM TTOKA3BbIBAIOT, YUTO IIOBBIIIEHME MH(OPMATUBHOCTM BBIXOJA M3Me-
puressa 3a CHeT IIOBBIIIEHVA TOYHOCTI I/I3M€p€HI/II7[ IIOBBIIIIaE€T M TOY-
HOCTbG OIIEHOK ImapamMeTpoB. Ecau ny1s mpocToTh! cooTHOIeHKe (1) mpeod-
pa30BaTh K KOHEUYHO-Pa3HOCTHOMY BUIY:

X(t 1) =FX(),  X(t) =X, (21)

TO IIPU (PUKCUPOBAHHBIX 3HAUEHNAX N1A (21) pe3yabpTaTel pacyeTa cBe-
JIeHbl B TabJumILy.

PesyabraTh! pacueTa ak TMBHON MACHTU(OUKALIN
Ha OCHOBE ONTUMAJbHOI KOBAPMAMOHHON MAaTPHUIbI IIIyMOB U3MeEpPEHU

RI/ICT
FI/ICT
0,1 1

-0,9 R =0,133054 R =1,01538
F =-0,900356 F =-0,609968
In det M = 7,527923 M = 3,598670
-0,5 R = 0,04207 R =1,00834
F =-0,5001 F =-0,375966
in det M = 11,143061 M = 4,827935

129



3akaogenue. [IprnMeHnTEeILHO K 3a7ladaM aKTUBHOM MIeHTU(UKA -
LMY HECTALVIOHAPHBIX IIPOIIECCOB Pa3paboTaH aJropuTM, II03BOJIAIOIINIA
ILJIAHUPOBATHL AVCIIEPCUIO0 M3MEPUTEJIEN JiAd MOCTUKEHUs 3aJaHHOM
TOYHOCTY OTHOCUTEJIbHO IIEpEMEHHOro IlapaMeTpa KaK HeU3BeCTHO
pyurumnu. PaccMoTpeH npumep, IIOATBEPIKIAIONNIT paboTOCIIOCOOHOCTD
IPOIeyPhI OLIEHMBAHUA Ha BJIEMEHTAaPHBIX YyYacTKaX, IJe HeCcTallo-
HapHBIN OpOIecC IPeAnoaraeTcsa KBa3MCTaIIOHAPHBIM.
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