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B. 10. Kucenee — marucTpaHT kadeapbl 60pTOBOI pagnoanekTpoOHHOM annapaTypbl
E. A. AHmoxuH (KaHp. TeXH. HayK, AOLL.) — HAY4YHbIN PYKOBOAUTENb

COMNPOBOXAEHUE MAHEBPUPYIOLLEW BO3AYLUHOW LIENK NO JAHHbIM PJIC
C UCNONIb3OBAHMUEM ®UINBbTPA KAJIMAHA

OnpepeneHne KOOpPAMHAT U CKOpoCTe 0BBEKTOB NO NOCNELOBATENLHOCTM U3MEPEHMI, (HOPMUPYEMbIX
paaMONOKaLMOHHOM CTaHLMEN, SABNSETCS LieHTpanbHOM 3afadyeit Moboi CMCTeMbI CIEXeHNs 3a LiensMn B BO-
€HHOM MNK rpaxaaHckon cpepe. Mpu CONPOBOXAEHWM PeLarTCcs 3adaqu npeackasaHus u unbTpauuv Tpa-
eKTopUM ABWKEHUS BO3AYLLUHOW Lenu. OOHUMU U3 LMPOKO PaClpPOCTPAHEHHBIX U MPUMEHSIEMbIX HA NPaKTUKe
PEKYPPEHTHbIX anropuTMOB (OUNbTPaLMK ABNSIOTCA anroputMbl dunbTpauum Kanvara. [laHHble anropuTMbl
noapobHo onucaHbl B nuTepatype [1, 2]. O4eHb XOPOLLO UCCNeaoBaHO NPUMEHEHNE KAacCUYECKOro TMHENHO-
ro punbtpa KanmaHa. ®unbtp (YHKLMOHWMPYET YCTOMYMBO U C BbICOKOM TOYHOCTBIO MPU MarnbIX UHTEpBasax
LMCKPETM3aLMK, @ pacyeTHble 3HaYeHWs SBNSIOTCA ONTUMArbHBIMU OLEHKaMM MO KPUTEPUIO MUHUMYMA Cpea-
HeKBagpaTU4ECKon OWMbKK, YTO M 0BycraBiMBaeT LUMPOKOE NMPUMEHeHUe AaHHoro anroputMa. OgHako, B
psge Cry4yaes, Npw BbINOMHEHUM LieSbl0 MAHEBPOB, KIACCUYECKUI (DUMNbTP OKa3bIBAETCA HENPUrogHbIM, No-
CKOJbKY HECOOTBETCTBUSI MEXIY 3an0XeHHOW B anropuTMe MOLESNbI0 ABWKEHWS Lenn 1 peanbHOM TPaeKTo-
puen CTaHOBATCS CYLLECTBEHHbIMM, a OLIMOKA OLIEHMBAHWS Ha y4yacTke MaHeBpa - HegonycTumo 6onbluon. B
AaHHON paboTe pacCMOTPEH JMHEMHbIA anropuTM (unbTpauuu 1 ero mogudukaums ¢ obHapyxuTenem
Hayana maHeBpa.

BosgyluHas Lenb paccmMaTpuBaeTcs Kak SIMHeHas AgnHaMmunyeckas cuctema. [JuHammka n MepHoro Bek-
TOpa COCTOSHMA LienK s(kJ) onnCbIBaeTCA MaTPUYHBIM Pa3HOCTHBIM YPaBHEHUEM:

slk +1) = Fk)s(k) + v(k),
rae s(k) — BEKTOp COCTOSIHUSA CMCTEMbI B MOMEHT t, Fik) — MaTpuua nepexoga cuctembl, vik) — hopmmupy-
tOLLWM rayCCOB LUYM, C HYNEBbIM CPEeHUM 1 M3BECTHOM KOBapUaLMOHHON MaTpuuen @ik).

IuHeitHast moaenb HabnoaeHuit onpeaeneHa ypaBHEHNEM:

z(k) = H(K) s(k) + wik),
roe z(k) — BekTop HabnaaeMbIx napameTpos, Hik) — mMaTpuua NpOEKLMM NPOCTPAHCTBA COCTOSIHUI Ha Mpo-
CTpaHCTBO HabnogeHun, wik) — 6enbii rayccoB Wym HabniogeHus ¢ HyneBbIM CPEOHUM U U3BECTHOI KOBa-
pUaLMoHHON MaTpuuen R(k).
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OT papguonokatopa NOCTYNaKT TOMbKO W3MEPEHHble 3HAYEeHWs KOOpPAMHAT LeNnn, No3TOMY Ha BTOPOM
luare anroputMa HeoOXO4WMO OLEHUTb MPOW3BOAHbIE MO COOTBETCTBYHLUMM KOOpAMHATaM, paccyuTaTb
Ha4anbHyl0 KOBapUaLMOHHYI0 MaTpULY OLWMOOK OLEHKW BEKTOpPA COCTOSHWUS CUCTEMbI, UM 3aTeM NPUMEHSITb
anropuTM 3KCTpPanonsumm.

HavanbHble 3Ha4yeHWst BEKTOpa COCTOSHWSI M MaTpuubl KOBapuauuu OWMOOK Haxo4sTCst CreayoLwmm
obpasom:
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roe T - nepuog o63opa PJIC, ecnn HabnoaeHue BeaeTcs B NonsipHbIx koopauHatax, CKO oueHok B aekapTo-
BOW CUCTEME PacCUMTLIBAKOTCS MO opMynam:
op (k) = ofcos 28(k) + p* (k) ofsin®(8),
GJ?{I{] = g;sin *6(k) + p*(K)ojcos?(8),
0y (k) = gy (k) = [07 — p* (K)o ]sind(k) cost (k),



roe p.8 — M3MEPEHHbIE 3HAYEHNS AANbHOCTM M a3umMyTa uemu, of, i — CKO namepeHuii 4anbHoCTH n asu-
MyTa.
KoBapuaumoHHas matpuua Wwyma HabnogeHus Rik):
g (k) g, (K)
ay: (k) oy k) |

AnropuT™M COCTOMT 13 3TaMOB AKCTPANONALMN U (UrNbTPaLMK. IKCTpanonsaLms napaMmeTpoB TPaeKTopuu

W KOBapUaLMOHHON MaTpuLbl OLLMOOK OLIEHKM COCTOSIHUS MPOM3BOANTCS NO PhopMynaMm:

skl — 1) = F(k — Ds(k — 11k — 1),
Plklk —1) = Flk —1)P(k — 11k — 1)F(k — 1) + 6(k — 1)@k — 1)6(k — 1),

roe s(klk — 1) — 3KCTPanoNMpPOBaHHbIA Ha CReayLLMin 0630p BEKTOP COCTOSHWUS cucTeMbl, sik — 1k — 1) —
OBHOBIEHHBIN B MOMEHT t;_; BEKTOP COCTOSIHWSI CUCTEMBI, P(klk —1) — 3KCTpanonMpoBaHHasi Ha cregyo-
Wnin 0630p KOBapWaLMOHHAs MaTpuua BekTopa COCTOSIHUSA cucTeMbl, Pk — 11k — 1) — 0BHOBMEHHas B MO-
MEHT t;_, KOBapWaLMOHHAsa MaTpula BEKTOpa COCTOSIHUSA CUCTEMBI, Gk — 1) — MaTpuLla ycuneHus gucnep-
CUIA CryYailHbIX YCKopeHuin, @k — 1) — KoBapuaLUMOHHas MaTpuua rayccoBa (POpPMUPYHOLLEro Wyma Buaa
Q@ = 0,1, e o, — QUCNepcus CrnyvarHbIX YCKOPEHMUN.

[lanee paccunTbiBAETCA MaTPUYHbIA KOSMPUUMEHT YCUNEHUS, KOPPEKTUPYETCA 3KCTPanosnMpoBaHHas

OLEHKa W KoBapWaLMoHHas MaTpuLa owunbok ¢ y4eToM ovepeHOro HabngeHns:

vk} = z(k) — H(k —1)s(klk — 1),

clk) = HG) P(klk —1)H KT + R(Kk),

Wik} = P(klk — 1DHGE Ck)2,

s(klk) = skl — 1) + W kv (k)

Plklk) = P(k + 11k) — W(k)Clk)wk) -2,
roe vik) — HeBsi3ka M3MEPEHUS N ero AKCTPANONMPOBAHHOM OLEeHKM, Wik) — MaTpUYHbIA KOIPPULMEHT ycu-
nenus gunbtpa Kanmaxa, s(klk) — 0BHOBNEHHbIN BEKTOP COCTOSIHUS CUCTEMbI. [10y4YMB OLIEHKY COCTOSIHUSA
Ha k-OM Luare W, paccyuTaB KOBapWaLMOHHY MaTPULY OLUIMOKM OLEHKM COCTOSHMS, oBpallaloTcs K ypaBHe-
HUAM SKCTpanonsLMy Ha crneaytoLnin TakT. 3aTeM anropuTM HaunHaet paboTy 3aHOBO, T. €. ABNSETCS peKyp-
CUBHbIM.

InHenHbIN punbTp KanmaHa SBnseTcs HagexHbIM anroputMOM COMPOBOXAEHWUS HEMaHEBPUPYHOLLEN
unn cnabomaHeBpUpPYIOLLEN LieNK, UHTEHCUBHOCTb MaHeBpa MOXET BbITb y4YTeHa B dNEeMeHTax mMaTpuubl Q.
OpgHako, B Cnyyae MHTEHCMBHOMO MaHeBpUPOBaHUS C BOMbLUMMM Neperpyskamu, oueHka (unbTpa CUbHO
PaCXOAMTCA C UCTUHHOM TPAEeKTOPUEH Ha yvacTke MaHeBpa, YTO MOXET NPUBECTW K NOMHOMY CPbIBY COMPO-
BOXOEHMS.

OfHWM 13 anropuTMOB YCTPaHEHUs pacxoaumocT unbTpa KanmaHa sBnseTcs ucnonb3osaque S —
moaudukaumm [3]. Beogutcs peluarollee npaBuio aBTOMATUYECKOM afantaunn KOdULMEHTa yCUNeHNs
(unbTpa, C NOMOLLBLI KOTOPOro OnpeaensieTcs MOMEHT Hayana MaHéBpa BO3gyluHOM Lenu. OBHapyxeHue
PacxoaMMOCTW NPOU3BOLMTCS HA OCHOBE CPABHEHWSI TEOPETUYECKON M (haKTUYECKOWN OMCNEPCUIA HEBSA3OK 13-
MepeHni:

R(k) =

tr{v(K)v(k)T — (HP(k + 1K)HT + Q7))
S(k) = tr(H(k)F(K)P(k + Lk)F(K)TH(K)T)

AHanornyHbiM 06pasoM paccuMTbIBAETCA KOIPMUUMEHT ANs koopauHathl y. B pexume ycTpaHeHus
PacxoaMMOCTN NPOBEPSIETCS HEePaBEHCTBO (k) = . Kak TONbKO 3TO HEPAaBEHCTBO NEPecTaeT BbINOMHSATLCS,
CYMTAETCH, YTO PACXOAMMOCTb YCTPAHEHA, NOCHe YEro OTKIHYAETCH MeXaH3M NoLaBeHUst PaCXoAUMOCTH U
unbTP NpogosIKaeT paboTy B HOPMANbHOM PEXMME.

Pk + 11k) =5(k) - Flk — 1)PRIK)F(K) + 6(k) @Uk) 6(k) . npn 5(k) = «,
Plk + 1k) = F(R) Pkl F(k) + GR) QR G(E), npn S(k) < a.

MpumeHeHNe 3TON MoaMMKaLMM aBTOMATUYECKN 0OECMEUYMBAET KOPPEKLMIO KOIPULMEHTOB yCune-
HWS1 HEBSA3KW W KOPPEKLMI0 pe3ynbTaToB aKcTpanonsumn. CnegyeTt OTMETUTb, YTO YBENWYEHUE BbIYUCIUTESb-
HbIX 3aTpaT S-moanduLMpoBaHHOro dunbTpa Kanmaxa no cpaBHEHMIO C KNACCUYECKUM — HE3HAYUTESBHO.

Mpu MoaenupoBaHuK anroputma bbinn 1CNoNb30BaHbI CreayoWwmne MaTpuLbl HabmogeHus, nepexoda
CUCTEMbI 1 YCUNEHWUS AUCTIEPCUI CIyYalHBIX YCKOPEHWNA:
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[ins uccnenosaHus kayectsa paboTbl CUHTE3MPOBAHHOTO anroputMa, B cpege Matlab Gbin paspabotaH
Bnok umutatopa uenu u 6nok dunbtpa Kanmaxa. Nepsbin 6M0K MMUTUPYET nepeMeLeHne Lienm OTHOCK-
TEMbHO CTaHUMW, paccuuTbiBasi TEKYLUME 3HAYEHUs [AanbHOCTM W asumyTta Lenu. MonyyeHHble 3HadeHns
CYMMMPYIOTCS C LyMamu, TEM cambiM UMUTUPYeTCS paboTa KaHana HabntoaeHus. Ha Bbixoae BToporo 6noka
(hOpPMUPYETCA OLiEHKA TPAEKTOPUN ABWKEHNS BO3AYLLIHON LENN.

Bbino cmogenupoBaHo fBa cueHapus apuxeHns uenu. CueHapuin 1 COOTBETCTBYET MaHeBpYy 3axoia
rpaxaaHCcKoro BO3AYLUHOrO CyaHa Ha nocagky. [pu 3ToM 1Cnonb3oBanuchb TpWU MOAENM ABWKEHUS: NPSMON-
HEMHOE C MOCTOSIHHOW CKOPOCTbIO, MPSIMOSIMHENHOE PaBHO3aMEANEHHOE, KOOPAWHATHBIA Pa3BOPOT C MOCTO-
SHHOW CKOPOCTbHO.

B cueHapun MaHeBpupyioLLeit BO3AYLIHOM Lenu UCNoNb30Bannc MOAEN KOOPAMHATHOrO pa3BopoTa ¢
WHTEHCMBHOCTSMM MaHeBpa 5g W 8g (g = 2.8 m/c?), npu ckopocTu Lenm 300 m/c.

MpencTaBneHbl pesynbTaTbl OLEHKN TPAEKTOPUW ABWKEHUS 415 Knaccuyeckoro dunbTpa Kanmada u S-
MOAUDULMPOBAHHOTO (hUnbTpa.
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Puc. 1

3 pucyHka 1 BWMOHO, YTO KNACCUYEeCKU SIMHENHbIA (unbTp KarmaHa npu OTCYTCTBAWM WHTEHCUBHbIX
MaHeBPOB XOPOLLO BbIMOMHSAET CBOM (DYHKLMW. cnonb3oBaHue S-anroputMa He JaeT BbiUrpbilla B yyylle-
HWW Ka4yecTBa COMPOBOXAEHMS.

Ha pucyHke 2 npeacTaBfieHbl OLEHKM TPaeKTOpUWM MaHEBPUPYIOLLEN BO3YLLIHOW LEnn Npyu COMpPOBOX-
AEHWM Knaccuyeckum unbTpom KanmaHa v npu Mcnonb30BaHMM MOAUMULMPOBAHHOMO anropuTtma.
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Puc. 2

3 aHanusa rpacmkoB Cnegyert, YTO OLeHKa Kraccuyeckoro comnbtpa KanmaHa CuibHO pacxoauTes ©
WCTUHHOW TpaekTopuen, YTO [enaeT ero HecrnocobHbIM pelartb nogobHble 3agauu. Mcnonb3osanue S-
MOANULMPOBAHHOIO anroputMa ¢ obHapyxuTenem Havana MaHeBpa MO3BOSSET YMEHbLWNTL PacXOXAeHne
Ha y4acTke MaHeBpa 1 YCTONYMBO COMPOBOXAATb MaHEBPUPYIOLLYIO LieNb.
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