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KutoueBble cj10Ba: unepyuanbHas HABULAYUOHHAS CUCEMA, CKOPOCMHAS
KOppeKyus, npou3eoibHO KOPPEeIupo8aHHas nomexa usmepeHul, eapanmupyro-
wull n00X00, MUHUMAKCHbIE AN20PUMMbl OYEHUBAHUS, AHATUMUYECKOe peuleHue

BBenenue. Koppekius nHepuuaaibHOW HABUTAIMOHHOM CHCTEMBI, yCTa-
HOBJICHHOW Ha OOpTY JIeTaTeIbHOrO O0BEKTa, C MOMOIIBIO JOMOTHHUTEIHLHON
WHGOPMAIIUKM PA3TUYHON MPHUPOIBI SBISETCS OCHOBHBIM HMCTOYHHUKOM IIOBBI-
mieHus: ToyHOCTH e€ (DYHKIHMOHHMpOBaHMs. JleTambHOE UCCIeNOoBaHHE 3a/1a4H
Koppekiuu mpoBeneHo B [1]. OgHuUM U3 pacnpocTpaHEHHBIX THUIIOB JOMOJ-
HUTEIbHOW WH(pOpMaIMU SBIseTCs] HHPOPMAIUS O CKOPOCTH 00BEKTa, U3BIIE-
KaeMmas, HalpuMep, U3 MOKa3aHHH JOIIEPOBCKUX H3MepuTenei ckopocTu. B
COOTBETCTBUU C HH(OPMAIIMOHHBIM ITOIXOJO0M 3ajladya KOPPEKIHUH pelaercs
Kak 3aj7aya OIeHWBaHUS (a30BBIX IEPEMEHHBIX ypaBHEHHH OMHMOOK HHEp-
LMAJTbHON HABUTAIlMOHHOM CHCTEMbI MO m3MepeHusm [1]. Beibop anropurma
OlICHMBAHUSI OOYCIIOBJICH MOJICNBIO MMOMEXH M3MepeHus. Tak Kak 1o Toi wiH
WHOW TpUYMHE KOPPEIAIMOHHbIE XapaKTEePUCTHKH TIOMEXH H3MepeHHs
HEU3BECTHBI, TO MPEACTABIIACT NMPAKTUUECKUNH HMHTEPEC PacCMOTPEHUE 3aJadu
KOppEeKIIMH B YCIOBUAX HEONPEACTEHHOCTH, KOrJa I[OMeXxa W3MepeHHs
SIBJISIETCS CITyYalHBIM TIPOIIECCOM C TPOM3BOILHOM Koppemsmnuen [2]. B aTom
cllydae K peIICHHIO 3aJa4d  OLEHWBaHHA OMHOOK  HHEpIHAILHON
HaBUTAIIMUOHHOM CHCTEMBl MPHUMEHSETCS TapaHTUPYIOIIMHA TMOAXOJ, TpHU
KOTOPOM  HaxXOJAATCS ONTHUMAalbHble TapaHTHPOBAHHbBIE XapaKTEPUCTHKU
TOYHOCTH TIOJIy4a€MBIX OILICHOK, COOTBETCTBYIOIIME HAMXYAIIMM 3HAYCHUSAM
KOPPEALNOHHBIX XapaKTePUCTUK TOMEXH U3MEPEHHUS.

M. JI. JIunoBBIM BIIEPBBIE ITOCTABJICHA U CBEACHA K 3aJla4e JUHEHHOro Mpo-
rpaMMHUpPOBaHUS 3a7ada «0 Hauxymumedl xoppemsamum» [3]. [NapanTtupyromuit
MOJIXO] TIPH pelIeHnH 3a/1ad MexaHuku npuMenéH b. B. Bynrakossim [4]. Paz-
JIUYHBIE CTOPOHBI TaPAaHTHPYIOIIETO MOAX0a pacCMaTPUBAINCh, HAIIPUMEp, B
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[5-8]. B wuHepnuaibHOM HaBUTAlMM TapaHTUPYIOUIMI IOAXOZ NPUMEHEH
BHEpBhIC B [9] mpu peleHNH 3aadd MO3UIIMOHHON KOPPEKIIMH B YCIOBUAX
HEOIpeeIeHHOCTH.

B mpemiaraemoii craThbe Hccieayercd 3ajlaya CKOPOCTHOW KOPpPEKUUH
WHEpLHMAIbHON HABUTAIIMOHHOM CHUCTEMBl B YCIOBHUSAX HEONPEACIEHHOCTH,
KOTJa ToMexa M3MEpeHHUs SBIAETCS CIY4alHBIM IPOIIECCOM C MPOU3BOIBHOMN
Koppemnsuuei. ITonydeHo €€ aHAIMTUYECKOE PELICHHE ¢ IOMOIIBI0 OCHOBHOM
JIEMMBI U YTBEPIKIECHUH, chOPMYITMPOBAaHHBIX U JOKA3aHHBIX B [9].

1. MHocranoBka 3agauyu. [lycte Ha OOpTy 00OBbEKTa ycTaHOBJIEHA HHEp-
[padbHasg HaBUTAI[MOHHAS CHUCTEMa, KOPPEKTHUpyeMas C MOMOUIbIO JOMOIHHU-
TeNbHONW WH(POPMAIIUH O CKOPOCTH O0BEKTa, M3BJICKAEMOW M3 ITOKa3aHHWH JOM-
JIEPOBCKUX M3MEpHTENel cKopocTd. bynem monarath, 4To 0OBEKT JBIKETCS C
KpercepcKoi CKOPOCTBIO TIO0 TPACKTOPHM, OJIM3KUM K opToapomuu. [Ipu sTom
YpaBHEHHUsI OMIMOOK WHEPIMATBHOW HABUTAIIMOHHOW CHCTEMBI Pa3ieisiioTcsl Ha
JIB€ HE3aBHCUMBbIE TPYIIIBI, OMUCHIBAIOIINE OMIMOKH BIOJIb HANPABICHUS JBH-
YKEHHS U B TOTIEPEUYHOM HAIPaBJICHNUH, B CBSI3U C YEM T'OBOPSAT O MPOAOIHHOM U
OOKOBOM KaHajax ypaBHEHUH OmuoOoK [1].

BokoBoil M TPONONBHBIA KaHAlbl YpaBHEHHWH OMMOOK HWHEPIHAIbHOH
HaBUTAIIMOHHOM CHCTEMbI Ha MHTEpPBaIax BPEMEHH, B T€UEHNE KOTOPBIX MPOU3-
BOJIUTCS KOPPEKIIUS, OMMCHIBAIOTCS, COOTBETCTBEHHO, CHCTEMaMH YpaBHEHUH

[1]:
7D =4y (1), 3, (x) = (3 (1) 2 (x). 2 (1)), TE[OT]s
(D=4 (9, v, ()= (24 (0)s ()36 (1) s T[OT]; (12)

0-10
A=|0 0 1] (1.3)
0-10

3necy, ), (’C),i =1,6 - 0e3pa3MepHbIe TIEPEMEHHBIC OIHOTO M TOIO JKE

— 0 — 0 0
nopsaka: y, =m +U By, V, =0 =&, V3= +V,, y, =n,,y, =a, &),

_ 0
Ve=T+V,; m uw m, — BeNMYMHBL, XapaKTEPU3YIOIIME OWIMOKY B
ONpPE/ICICHUN JINHEHHON CKOPOCTH JBIKCHHS B OOKOBOM H IPOIOIHEHOM
HATpPaBJICHHUAX; O, W O, — YIJIOBbIC OMIMOKH BHICTABKU IPHOOPHOI BEPTHKAIN

0 0o
B OOKOBOM M MpPOJOJBLHOM HAmpaBIeHUSX; & ©u & — [OCTOSHHbIE

IpUBEEHHBIC TIOTPEITHOCTH OOKOBOTO M IPOAOIBHOTO HBIOTOHOMETPOB; 3, —

KHHEeMaTn4eckas OIIMOKa a3MMYTadbHOro yria; U — CKOPOCTh BpPAaIICHHS

o o
3emmu; Vi =V, / W, uV, =V2/ )y — mocrosiHHEBIE Apeiidbl THPOILIATHOPMEI

B OOKOBOM M IIPOJOJIBHOM HANpaBIeHUX; T=, [ — Oe3pasMepHOe BpeMs;
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2
®, — ugacrora Illynepa: 600=g/ Gy, g — TpaBHUTalMOHHOE ycKopenue, —

pamryc 3emin; {— pa3MepHOE BpeMsi; 3HAK (*) 03HAYaeT TPAHCIIOHUPOBAHHE.

VYpaBuennus ommbok (1.1) m (1.2) HamucaHsl B TPEANONOKEHHH, YTO
V) (i=1,2
xapaktepHble 3HadeHus nepemenusix O, T0,& ,V; (1 =12 )na mopsiok MeHb-

1Ie XapaKTepHoro 3Ha4yenus 3, [1].

CroponHsis ckopocTHasi HH(opMalus, TOMOTHSIOMAs CUCTEMbl YpaBHEHHN
(1.1) u (1.2), cOOTBETCTBEHHO, UMEET BU/I:

2 () =3 (1) +w(1):  z(1)=y(1)+m(7); t€[0,7]; (1.4)
Z (T) ) Zz(T) eR - HEMOCPEICTBEHHO M3MEpSEMbIC BEIHMYNHBI; WI(T),

1
w, (‘C) €R - nomexu U3MEPEHUN, SIBISAIOLIMECS IPOU3BOJIIBHO KOPpPEIH-

POBaHHBIMH T'ayCCOBCKHMMHU ITPOLECCAMU C HYJICBBIM MAaTEMATHUYCCKHUM OXHJa-
HHUEM U C OTPAaHUYEHHOHN AHUCIIEPCUEH:

M () =0 (3)=3 (1) <3 M (1 (5) = (=) (o s): (1.9
Mg (1) =008 (1) =3(5) <. M (s 5) = (25) () (s): (1.6
O, U G, — U3BECTHbIE BEIMYMHBI; ABTOKOPPEIALIMOHHbIE GYHKIUH 7| (‘C,S) u
l’z(T,S) HEM3BECTHBL. M3BECTHO TOIBKO, YTO ‘rl (T,s)‘ﬁl, ‘rz (t,s)‘ﬁl u

A (‘C,S) b (‘C,S) ek (’C,S) , K(T,S) — KJIacC HUHTErPUPYEMBIX aBTOKOppPEsi-

MUOHHBIX QyHKIHH [2].
3ajaya CKOPOCTHOW KOPPEKIIMH COCTOUT B TOCTPOCHHUHU OIICHOK (ha30BBIX
nepeMeHHbIX cucteM (1.1) u (1.2) B moment Bpemenu 1 mo usmepenusim (1.4).

Byzmem cuntath, uto I <7/2: peanbHbic HHTEPBATB KOPPEKIMH YIOBJICT-

BOPAIOT TOMY yeioBmio (7/2 ~ 20 mum).
Coornomenus (1.4) nepenuiieM B BUJE

ZI(T):H*(T)qI_l_M}I(T)’ q :yI(T); Zz(T):H(T)QI1+W2(T)a 4 :yII(T); (1.7)
H(t)=exp{d'(t=T)}-h, h=(1,0,0) . (1.8)

Herpynno noacunrars, 4To
H(t):(1,—sin(T—1:),cos(T—r)—1) (1.9)

2. OnTUMadbHbIe TAPAHTHPOBAHHBIE AJITOPUTMbI ANMPHOPHOrO OIle-
HuBanus. CopMynupyeM HEKOTOpBIE PE3yIbTaThl TEOPUU ONTUMAIBHOTO Ta-
PaHTHPOBAaHHOTO ampuopHoro oueHuBanus [3, 9-11]. [Ins ymobcrBa pac-

*

CMOTPHM 3aZid9y TdpPpaHTHPOBAHHOI'O OL€HHBAHUI B 06]].];6171 IIOCTaHOBKE.
PaCCMOTpI/IM HHHefIHYIO AUHAMUYIECKYIO CUCTEMY
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H1)=A(0)y(x). Te[0T]; 3, =2(0) : y(x)e R A€ R™" 521
W(T) — Bexrop cocrosmus cucremsr; A(T) — xycoumo-mempepsiBHas Mart-
pyyYHait QyHKIHA.

Ilycte Ha TIpOMeXyTke Bpemenu [0,7] mpoBoaATCA u3MeEpeHHs

KoMIToHeHT (azooro Bektopa W(T) cucremsr (2.1):
z(t)=h" (1) y(t)+w(x), t€[0.T]; h(r)eR"; z(1),w(x)eR'. (2.2)
3neck h(t) — KycOYHO-HempephiBHAs BeKTOp-GyHKums; z(t) — Hero-
CPE/ICTBEHHO H3MepsieMas BeNM4YMHa; w(1)— TOMEXa HM3MEPEHHs, Y/IOB-
JIETBOPSIOLIAS BEPOSITHOCTHBIM THUIIOTE3AM:
Mw(r) =0, M (r) = (’E) <o, Mv(r) w(s) =r(r,s) G(’C) G(S)_
HEU3BECTHA. (2.3)

3neck O — HM3BECTHAsl BEIMYWHA, 2 00 aBTOKOPPENISIIIMOHHOW (pyHKIHMH

r (T,S) EK(T,S) HU3BECTHO TOJIBKO, YTO OHA SIBJIAETCS MHTETPUPYEMOU U orpa-

HHUYEHHOM (yHKIMEN: ‘I’(’C,S)‘ <I.

Tpebyercs NOCTPOUTH JIMHEHHYI HECMEIIEHHYIO OUEHKY [  BEeIMYUHBI

l :P*q, e P eR" - 3aJ]JaHHBII BEKTOp — LIEJIEBOM BEKTOp, COJEpIKAIIMA

OJIHY €IMHUYHYIO KOMIIOHEHTY, @ OCTaJIbHbIC KOMIIOHEHTHI — HyH. TeM caMbiM
1eJIeBON BEKTOp P ompenenser BIOPaHHYIO JUTS OLEHKA KOMITOHEHTY BEKTOpa

napametpos g = y (T )e R" cuctemsi (2.1).
[IpencraBum u3mepenws (2.2) B Buze
2(t)=H (1)g+w(1). =€[0.7]; (2.4
H ('c) = (9*1 (T))* 0* (T)h (T); 9(’1?) — MaTtpulia GyHIaMEHTaJIbHON CUC-
TeMblI pereHuit (2.1).
Bynem cTpouTh OLEHKY i BEJIMYNHBI
[=Pq
Ha KJIacCe JMHEMHBIX OLICHUBATEIEH BUAA

n

ZA=ICD(1:)Z(1:)d1:, re[O,T]; CD(T)=CDH (T)+Z®j8(r—1j); (2.5)

j=1
(D(T) — BecoBast QyHKIMs n3Mepenus Z(T), HoIexKaImas onpeeeHHIO;

(DH(T) — KYCOYHO-HENpepbIBHAS (PYHKIIHS, (13’ j =7 — uucna (N —

MIPOU3BOJIBHO).

OyHKIUA (D(T) OIIpEAEISAET AJITOPUTM OLIEHUBAHMS — OLICHUBATEIb.
10



TpeboBanne HECMENMIEHHOCTH OLEHKH, T.€. PABEHCTBA HYJIIO OIIMOKH

ouenku Al =/ —] B OTCYTCTBUM MOMEXM W3MEPEHUS, NPUBOIUT K YCIOBHIO
3,9-11]

T
IH(I)@(I)dr:P. 2.6)
0
I"apantupoBanHoe 3HaYEHHUE JIMCTIEPCHH OIIMOKH OLIEHKH
T 2
D=max M(Al)’ =| o[|@(v)|dx JIOCTHTaeTCs npu o) =0,
0

r(t,s) =sgn®(1)sgn®(s) rae sgnd(t) — 3HaK P(t); hopmanbHO monaraeM sgnd(t)=1
Cpenn BceX anrOPUTMOB OIICHUBAHUSA {(D(r)} HaiaéM Takoil OIlEHUBATEIb

D, (T) , IPH KOTOPOM BENMYMHA D MHHHMANbHA: [) = I?J)? )1})
T
Torga 3amaya MOCTPOEHUS ONTUMAJIBHOIO ANIrOpUTMa OIEHUBAHHUS B
cllyyae TPOU3BOIBHO KOPPETHPOBAHHON TIOMEXH M3MEPEHHsS CBOJIUTCS K

CIIEMYIONIEH 3a71aue MaTeMaTHIECKOro IIporpaMmupoBanus [3, 9, 10, 12]:

GIO ‘q)(r) dr—){rg(irl)q}, ~([IHV(I)CI)(r)dﬂ::P. (2.7)

Eé pemenne @ (’C) OIpeesAeT ONTHUMAIbHBIA TapaHTUPOBAHHBIN all-

TOPUTM aIIpUOPHOro OUCHHBAHUA. PaCCMOTpeHHyIO 3aga4y MNpPUHATO HA3bIBATh
3amadeit o Hamxyame koppemsanuu [3]. Ilpu ymepenHol pa3MepHOCTH CHC-
Tembl (2.1), 3amauy (2.7) MOXKHO pEIINTh aHAJTUTHYECKH, CBOIS €€ K 3ajgade
nocTpoenusi 0600meénHoro 4ebpimesckoro noiauaoma [9—11]. Ilpu BeIcOKO#H
pPasMEpPHOCTH e€ MOJKHO peIUTh YUCICHHBIMU METOJaMHU, CBCACHHUEM K 3a/1a4uc
JUHEHHOTO TpOorpaMMHUpOBaHus [3].

3amernM, uTO mpobOiema (2.7) Ha3pIBaeTcs AamnpUOPHOM MOTOMY, YTO

2 .
max M (AZ ) Oepércs 1o BCeM BO3MOYKHBIM PeaTu3aIisaM H3MepeHHS Z(’C).

3. AHaquMTH4ecKoe pellieHHe 33]a4H ONTHUMAJIbHOTO TapaHTHPOBAaH-
Horo oneHuBaHus. CeenéMm 3amnady (2.7) K 3a7aue HaxXOXKIACHUS 0000IIEHHOI O
4eOBIIIEBCKOT0 MouHoMa. [IpuBenéM HEKOTOphie Pe3yibTaThl TEOPUH 3ajad
MaTeMaTHYeCcKOoro mporpammupoBanus sujaa (2.7) [10-12].

3ameuanue 3.1. MoXHO cuMTaTh, uT0 P = (1,0,...,0)* e R™, unaue cie-
IyeT TIOMEHATh MECTaMH JIB€ COOTBETCTBYIOIIHME KOMIIOHEHTBI BEKTOpa
H (1:) eR".
Chopmynupyem nBoicTBeHHYIO K (2.7) 3amadyy: Ha MHOXKECTBE BEK-
TOpoB X € R™ HaWTH BEKTOp, MAKCHMHU3UPYIOIIHNH ()YHKIIHOHAIT
X*P — max TpH YCIIOBUH ‘X*H(r)‘sl, ’CE[O,T]; (3.1

11



H (’C) , P € R"” - 3aiannbIe BeKTOPBI.
IIycts )% — pemenue 3agaun (3.1), a Tj,.., Tjy [ <m - takue momenTb!

BPEMEHHM, B KOTOPBIX ‘XG‘H (1;/_) =1,j= L_[

Paccmotpum cucremy anreOpandecKux ypaBHEHHUH

NO=P, (3.2)
N=(H(1),..H(1,))eR™ ®=(D,,...0,) eR’

CnpaBemnuBel ~ yrBepkaeHust [9-11]:  cucrema (3.2) coBMecTHa;
D, = Z ! @8 (r - 1-/_) — pelIeHue 3aJja4d MaTeMaTHYECKOro MPOrpaMMHIpO-
j=

BaHus (2.7); onTUMaNbHbIE 3HAYeHUs (DYHKIIMOHAJIOB 00EHX 3a/1a4 COBIAJAIOT:
T

J ‘CDO (’E)‘d’t =X,P.
0

Takum o0Opa3oM, M3 peIICHUs IBOWCTBEHHOW 3amauu (3.1) momydaem
pemienue 3agauu (2.7).
Ceeném 3amauy (3.1) k 3amaye nMocTpoeHuss 0000MIEHHOTO YEOBIIIIEBCKOrO
MOJIMHOMA.:
. te(0,T
L = min max [ ’ ] .

zj T

(3.3)

H, (x)+ X7 u,H (<), j=2m,

Moxno nokaszate [10,11], uTo m3 cCymecTBOBaHHA pEIIEHUS JBOWUCT-

BeHHOM 3amaun (3.1) X = (x01 ,...,xOm) CIeAyeT CYIECTBOBAHUE PEIICHUS
3amaun (3.3), mocturaemMoe Ha Habope {u?} ,j=2,m.Ilpusrom L >0 u

_ 7l 1.0 +_ A~ -
Xp=L", x; =L uj,]—2,m' (3.4)
CrpaBemiMBO ¥ 00paTHOE YTBEpXKACHUE: eciiu perieHue 3amadu (3.3)

JOCTHTaeTcsl Ha Habope {u?},j=2,m u L >0, To cymecrByer penieHue

nBoWCTBeHHOM 3a1auu (3.1) u uMeroT MecTo cooTHomeHus.(3.4).

Wrak, nns pemreHus 3ajadd MaTeMaTHYECKOro MporpammupoBanus (2.7)
MOXHO TPEUIOKUTh CICAYIOUIMHA aITOPUTM, YIOOHBIN Ui aHaJUTHYECKOTO
WCCIIEZIOBAHMS TIPU YMEPEHHBIX 3HAUSHHSIX pa3MepHOCTH cuctemsl (2.1) [9-11].

1. C moMompio MepecTaHoBKU diaeMeHToB [1 (’c) € R" wucxommas 3anaya
*
CBOJIUTCS K 3a7aue ¢ P = (1,0,..., 0) e R".

2. Crpoutcs 0000mMEHHBIH YeObIleBcKuii monmuHoM (3.3); B MOMEHTHI
BPEMEHH T,,...,T, (/ <m) HONHHOM NpHHHUMAcT HAMOONBIIME 1O MOMIYIIIO

3gauenus L. MoMmeHTHI BpeMeHH T] geeesy Tl Ha3bIBAKOTCA OIITHMAaJIbHBIMU

MOMEHTaMU U3MEPEHUI.

12



3. Pemas cucremy anreOpanueckux ypaBHeHud (3.2), HaxoauMm

0
O = (CDm,...,CDOl)(l <m), ®Oj_ BECOBBIE KOO((HUIIMEHTBI alrOpUTMa Olle-

HUBAaHUSL.
4. CtpouTcs penieHne ucxoanou 3amaauu (2.7) B Bume
I
O’ (1) =) ®I3(r—1,) (3.5)
j=l
U OTNIPENeNIeTCs MUHUMAJIbHOE 3HaYeHUEe (DYHKIIMOHAIA:
r /
0 _ 0| _ 7-1
GJO ‘CD (r)‘ dti=c Fl‘(l)j‘ =L". (3.6)

OnTuMaNbHBIH aIrOPUTM TapaHTHPOBAHHOTO OLIEHWBAHUSA UCIOIb3YET
aumb [ <m W3MepeHuil U3 BCEX M3MEPEHMM, UMEIOIIMXCS Ha MPOMEKYTKE

[O,T] Hcmonp3oBaHnue OCTaIbLHBIX I/I3MepeHI/II71 MOXET YXyAIIUTb TOYHOCTH

OIICHOK. B »stom CyTb INPUHOUIHAJIBHOIO OTIHWYHA TapaHTHPOBAHHOI'O
aJroputMa OILCHUBAaHUA OT TPAJUIMOHHBLIX AJTOPHUTMOB THIIA HAWMCHBIINX
KBaJ[PaTOB.

Kak moxasano B [9], B 3azjaue MO3UIIMOHHON KOPPEKIINY MHEPIHAIbHOMN
HaBPII‘aHPIOHHOfI CHUCTEMBI l = m . YUCJIO OIITUMAJIBHBIX MOMCHTOB H3MepeHPII71
[ paBHO pa3sMEPHOCTH CHCTEMbI YPaBHEHHH OIMIMOOK, OTKY/A CIEAYET EAUHCT-
BCHHOCTD aJITOPUTMOB OLICHHBAHUA.

4. OnTuManbHble TApAHTHPOBAHHbIE AJTOPUTMBI  CKOPOCTHOM
KOPpPEeKIIUM WHEPUHAIbHOIl HABMUTalMOHHON CHCTeMbI W OCHOBHBIE
pe3yJibTaThl.

4.1. Uccnenyem 6okoBoii kaHan ypaBHeHuit omubok (1.1), (1.7).
Cuauana paccMoTpuM 3agady (2.7) ¢ p=(0,0,1)"
H (t)=(1,-sin(T —1),cos(T —1)- 1)" , COOTBETCTBYIONIYIO OL|€HUBAHUIO
napamerpa Vs (T ) , KOTOpas CorIacHO 3aMe4yaHuio 3.1 SKBUBaJICHTHA 3ajaue
(2.7) ¢ P=P=(1,0,0)",
H(r)=FI(T)=(cos(T—r)—l,l,—sin(T—r)) 4.1)
MW COTJacHO M. 3 CBOAMTCS K HaxXOXKICHHIO 0000MIEHHOrO YeOBIIIEBCKOTO
nonMHOMa 3, (’C) :
L=max So(r)‘ :minmax‘S(r)‘,
€0,7] uy.u3 140,T]
S(t)=cos(T—1)—1+u, +u,sin(T—1). (4.2)

C nomomrpio rpadoaHaIUTHYECKUX METOIOB HCCIIEIOBAHUS MOXHO ITOKa-
3aTh, 4TO MpU

uy =sin’ (T/4)/cos(T/2), uf =tg(T/2), T <n/2 (4.3)
noMHoOM S (’C) € {S(’C)} :
13



_ 0 0
S, (t)=cos(T—1)—1+u, +u; sin(T—1), (4.4)
ABJIISACTCA lIGGBIIHeBCKI/IM — HaUMCHEC YKIIOHAIOMIUMCA OT HYJIA, IPUHUMAIOIIUM
MAaKCHUMAJIBHOC I10 MOZYJIIO 3HaYeHUe

L, =|u3| = |sin® (T/4)[cos (T/2)| (4.5)

B TOYKaX:
1,=0,1,=T / 2, 1, =T — onTUMaNbHBIX MOMEHTAX H3MEPEHHUIL. (4.6)
Herpynuo y6enuthes, uro momusom 3, (’C) S {S (r)} VIIOBIIETBOPSIET yC-

JIOBHSIM JIEMMBI, CPOpMYyITHpPOBaHHOW W J0Ka3zaHHOH B [9(11.4)], mo3BosstonIeH
HaxOJUTh OOOOIIEHHBIN YCOBIIICBCKUH IMOJIMHOM, JIMIIL YCTAHOBUB CYIIECT-
BOBaHHE TTOJINHOMA C HY)KHBIMU CBOHCTBaMHU.

BecoBble K0d(hpuImenTs CDS’1 ,CI)(;J,CI)(;,3 aIrOpUTMa OLCHMBAHUS
0 0 0 0
D (1) =D 5(1)+D3,8(1—T/2)+D3,8(t—T) 4.7)
HOJICYMTHIBAIOTCA M3 YCI0BUs HecMewménnoctu (3.2), B koropoM [=m=3;
1,=0,1,=T/2,
,=T,a H (’C) u P 3anarorca coornomenusmu (4.1).

Hrak, 3anava (2.7), COOTBETCTBYIOIIAs OLICHUBAHUIO IapaMeTpa ), (T ) ,
pelieHa.

CornacHo 3ameuanuto 3.1 pemienue 3anauu (2.7) A napaMmeTpoB (T ) u

Y, (T ) , DKBUBAJIEHTHO €€ PEICHHUIO JUISl CITydaeB, B KOTOphIX 1 (’C) 3amaéres

BhIpakeHHeM (4.1), a 1eneBble BEKTOPHI ONPEAEISAIOTCS BBIPAKEHUSMHU
~ * ~ *

P= (0,1,0) upP= (O, O,l) COOTBETCTBEHHO.

W3 BeITIONHEHNS yClIOBHM ciencTBus deMmbl [9], (m.4), ciemyer, 9To Om-
THMajbHBIE ~ MOMEHTHI ~ HM3MEPCHMH,  COOTBETCTBYIOIIHME  OLICHHBAHHUIO

apaMeTpoB yl(T ), v, (T ) i ), (T ), ONHU M TE€ JKE. ONPENENAITCS

paBeHcTBamMu (4.6). 3HAUCHHS MaKCUMAJIbHBIX YKIIOHEHHH COOTBETCTBYIOIIHX
0000MEHHBIX YeOBIIIEBCKUX MMOTMHOMOB UCUUCIISIOTCS 10 hopmyiie (3.4):

L =|u|L', s=23, (4.8)

rae ug u ug OnpezielieHbl BhIpaxkeHus MU (4.3), a L, — BeIpaskeHueM (4.5).
[oncrasmss 3Hauenus (4.3) u (4.5) B BeipakeHus (4.8), momyuaem

L =1L, =1/2-1g(T/4). (4.9)

U3 ycnosuit HecmeménHocTH (3.2), 3aMMCaHHBIX B BHJIE

@) =N"(1,0,0); @5 =N"(0,1,0); ®;=N"'(0,0,1)";  (4.10)

14



1 1 0
Nz(H(rl),H(rz),H(r3))= sinT sinT/2  0|; T<m/2;
cosT—1 cosT/2-1 0

det N =4sin(7/2)sin’ (T/4)#0; T<n/2, (4.11)

HaXOZMM BecoBble K03 duIeHTs! anroputMos oueHuBanus y, (1), y, (T )

u y3(T):
D =D}, =0, D}, =1; 4.12)

@), =—1/(2sinT/2); @, =cig(T/4);

@, :—sin(3T/4)/(2sin(T/2)sin(T/4));
®f, =—1/(4sin’ (T/4)); @3, = cos(7/2)/(2sin* (T/4));
@), =(1-2cos(7/2))/(4sin’ (T/4)).

N3 ycnoBus (4.11) oueBngHA €IUHCTBEHHOCTHh AJITOPUTMOB OITCHUBAHMS
0 0 0
O, D, ud;.
B cootBerctBum ¢ Beipaxenuamu (4.5) u (4.9) cpenHekBaapaTHIecKue 3Ha-
YEeHUS! ONTUMAIBHBIX TapaHTUPOBAHHBIX OMHMOOK OIEHOK IapamMeTpOoB y1(T ),

v, (T ) vy, (T ) , mojcuuTaHubIe 110 Gopmyiie (3.6), paBHBL:
dopt (yl (T)) = GIL; =6, dopt (yz (T)) = GIL; = 2Ctg(T/4) o, (4.13)

d,,(»(T))=0,L’ :cos(T/Z)(sin2 (T/4))_1 o, T<m/2.

3
OnTuManbHbIe TapaHTHPOBAHHBIC OICHKH P, = Zq)‘; -z,(x,) (s=1,2,3)

=1
apaMeTpoB yl(T ), v, (T ) u Y, (T ) , onpezensembie 3anadei (2.7), UMEOT

BUJ
7(T)=z/(T); (4.14)
$,(T)=—(2sin’ (T/2)) " 2,(0)+ c1g (T/4)z, (T/2) ~sin(37/4) (2sin(7/2)sin(T/4)) " -2,(T);3

-1

$3(T) =(2,(0)+2c08(T/2) - 2,(T/2) +(1-2c08(T/2)- z,(T)) -(4sin* (T/4))
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4.2. UccnemyeM TpONOTbHBIN KaHAN ypaBHEHWH OMIMOOK WHEPLIHATBHOW
HaBHUTAMOHHOU cucTeMbl (1.2) mo u3mepenmsM (1.7). bynem uckaTte penieHue
3aa4il TapaHTHPOBAHHOTO OIICHMBAHMS IapaMeTpoOB IPOAOIBHOTO KaHala

Y, (T ), Vs (T ), Ve (T ) C TIOMOIIBIO AJTOPUTMA, MOAPOOHO ONMHCAHHOTO B
pasn. 4.1. 13 ycnosuii 3amag (1.1), (1.7) u (1.2), (1.7): matpunia cuctem (1.1) u
(1.2) onna u Ta xe, a Taxke BeKTop [ (T) m3MepeHuil Z, (’c) " Zz(’l?) OJIH U

TOT XK€, CJIeAYeT TOXKISCTBEHHOCTh ONTHUMAJIBHBIX COCTABOB U3MEPEHUH U COOT-
BETCTBYIOIMX OOOOMIEHHBIX YEOBIIICEBCKUX IOJIMHOMOB. Pasnuune — B Bepo-
STHOCTHBIX XapaKTEPHCTUKAX IOMEX HM3MEPCHHUI: pa3Hble 3HAUYCHUS BEIWYHMH

O, U C,, OTPAaHNYMBAIOIINX AUCIEPCUU TIOMEXH U3MEPEHUN W, (’C) u Wz(’l?),

BIIUSIONINE HA CPEeIHEKBAAPATUUCCKUE 3HAUCHUS ONTHMAIBHBIX TapaHTUPO-
BaHHBIX OIIMOOK OmeHOK. COOTBETCTBEHHO, BhipaxkeHus (4.13) u (4.14) B cuiy
WX JIMHEWHOCTH 3aITUIITYTCS B BUJIC

d,(v,(T))=0,L'=c,, d,(y(T))=0,L =2ctg(T/4)5,, (“.15)
d,, (y6 (T)) =c,L' :cos(T/Z)-(sin2 (T/4))_1 c,, T <m/2;
7 (T)=2,(T); (4.16)
P51y =—(2sin’ (7/2)) " 2,(0) + cig (T/4) z, (T/2) —sin(37/4)(2sin(7/2)sin(T/4)) - z,(T) :
$(T) =(=2,(0)+ 2cos(T/2) - z,(T/2) + (1-2c08(T/2) - z,(T))- (4 sinz(T/4))"
Omnenku (4.14) u (4.16) nerko peanusyembl. B cuiy JHHEHHOCTH 3a1a4u

BBIPQKEHUS IS OICHOK W OMIMOOK OILIEHOK TIPU Iepexojie K pa3MepHBbIM
MepeMEHHBIM YMHOKAIOTCSI Ha COOTBETCTBYIOIIMI MacCIITAOHBIH MHOKUTEINb.

Wnctutyt mexanuku HAH PA
e-mail: mechinsstella@mail.ru

C. P. Maptupocsin

OnTumMajbHbIe rapaHTHPOBAHHBIC AJITOPUTMbI CKOpOCTHOﬁ
KOppPEKIIUHA HHepIIHaJIbHOﬁ HaBHFaHHOHHOﬁ CHUCTEMBI

[Tony4yeHO aHATUTHYECKOE pelIeHHe 3aJa4l CKOPOCTHOW KOPPEKINHY MHEepLUab-

HOW HABUTaI[MOHHON CHCTEMBI B YCIOBHUSIX HEONpPEHeNEHHOCTH, KOTAa IOMeXa H3Me-
pEeHHUS ABJISIETCS CIydalHBIM IIPOLIECCOM C MPOU3BOJIBHOM KOppessueit.
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U. [} Uwpwnhpnujui

Upwgnipjub swithdwh tkppn hukpghuy tunhqughnt huwdwljupgh
Soundwt oupinhiur Epuphuun]npus wygnphpditpp

Unwugus E wpugnipjut swhdwt wndjuyitph oqunipjudp hubpghwy tw-
Jhqughnt hwdwlwnpgh &ondwb funph whwhwnhl nusnidp:

S. R. Martirosyan

Optimal Guaranteed Algorithms Inertial Navigation System
Corrections with Velocity Information

An analytical solution to the problem of speed correction of an inertial navigation system
under conditions of uncertainty is obtained — measurement noise is a random process with an
arbitrary correlation.
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