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OreHeHa TOYHOCTh AaNNpPOKCHMAIIMM T'ayCCOBCKOW IUIOTHOCTH BEPOSTHOCTH IPHU Iepexoje H3
MPSIMOYTONBHBIX KOOPAUHAT B TMOJAPHBIC JUIS Pa3lIWYHbIX YCIOBUM HaOmoneHus. [IpencraBneHsl
pe3yJbTaThl UCCICIOBAaHUN IO OLIEHKE BIIMSHUS YCJIOBHH HaOJIIOACHHS Ha IOKA3aTelny KauecTBa
pa3IUYHBIX MOAU(UKALNKA AUCKPETHBIX GuibTpoB Kanmana.

Kniouesvie cnosa: wmeton JIMHCapu3aluy, IJIOTHOCTb BEPOATHOCTH, MCETOL MOHTG'KapJ'IO,
COIIPOBOXKACHHUC JICTATCIIbHBIX allllapaToOB, (1)I/IJ'ILTp Kammana P KOCBCHHBIX U3MCPCHUIX.

BBeaenune

OnHOM M3 BaXHEWIIMX 3a]lad PaJUONOKAIMH SIBJSIETCS COMPOBOXKICHHE — OLCHHBAaHHUE
TPAaeKTOPHBIX MapaMeTPOB IBMKYILErocss 0O0BbEKTa MO JaHHBIM PaJHuOJIOKAIMOHHOTO HAOIIOACHUS
yaaneHHoro o0bekTa. CONpPOBOXKIEHHE BO3AYIIHBIX OOBEKTOB, KaK MPABMIIO, OCYIIECTBIISICTCS B
npsMoyronsHOi cucteme koopauHat (CK) mpu nHaGmioneHun moisipHbeIx kKoopausat. Ilepexon ot
NPSIMOYTOJILHBIX KOOPIUHAT K MOJSPHBIM M (MJIM) OOpPATHO BBIMTOIHSETCS MPH MOMOIIY HEIMHEHHBIX
(GYHKUMOHAIBHBIX TNpeoOpa3oBaHuid. Ilpym 3TOM mIpsMoe HCIOJIB30BaHHME YPABHEHHH IUCKPETHOTO
muHeiHoTo (punbTpa Kamvana (®K) HeBo3MoxHO. M3BecTeH memnblii psn MoIu(pUKaUN alroputMa
pabotel ¢unprpa Kammana, mo3soisitonux o00oiTH 3Ty npobiemy [1-5]. B ocHoBe maHHBIX
MOAU(DUKALUN JIGKUT METOJ| JiMHeapu3auuu [6—8], TO3BOJSIONIMI 3aMEHUTh HEJIUHCHHBIC
npeoOpa3oBaHMs Ha JIMHEHHbIE B OKPECTHOCTH OLICHKHU (Pa30BOM WK 3KCTPANIOJUPOBAHHON).

Ha mnpakTuke Imumpokoe pacHpocTpaHEHHE MOJNYyYHId Tpu Moiaudukanun (uibTpa
Kanmana [3, 6]: npu HaONMIOJCHUHM TOJSIPHBIX KOOPAMHAT W (UIBTPAIMU TPSIMOYTOJbHBIX; MPU
HaOJIIOEHNH KOPPEIMPOBAHHBIX MPSIMOYTOJIBHBIX KOOPAWHAT;, INpH HAOIIOAEHUM HE3aBUCHMBIX
NPSAMOYTOJIBHBIX KOOpAMHAT. B mepBoil Moanpukanum mpuMEHseTCs Nepexol U3 MPSIMOYTOJIBHBIX
KOOPJIMHAT B TIOJISIPHBIE, B OCTAIBHBIX — MEPEX0J] U3 MOJSIPHBIX B MPSAMOYTONbHBIC. J{Is1 HEKOTOPBIX
yCIOBUH HaONIOJIEHWS METOJ| JIMHEapH3allid HE TMOJIXOJAHT, TaK KaK ero HCIOIb30BaHHUE MOXKET
NPUBECTH K BO3HUKHOBEHHIO 3HAUYMTEIBHBIX OMIMOOK COMPOBOXKICHHUS. B M3BecTHON nUTEparype 3Tu
YCIIOBUSI HE KOHKPETU3UPOBAHbI. B JaHHOW cTaThe MPUBOJMTCS OKOHYATENHHASI YacTh Pe3yJbTAaTOB
WCCIIeI0BaHNM, HaYaThIX B padote [6]. OHa MOCBAIICHA aHAIHM3Y BIMSHIS yCIOBUN HaONIOACHUN Ha
TOYHOCTh HM3MEPEHHs1 JUCKPETHHIX (uubTpoB Kanmana npu HaOmMOJEHWM TOJSPHBIX KOOPAMHAT
METO/I0M MaTeMaTHYeCcKoro MoaeaupoBanust Monre-Kapio.

Lenb cTaThu — BBISIBUTH YCIOBUSI HAOIIOJCHUS, KOTOphIe OYIyT OKa3bIBaTh CYNICCTBEHHOE
BJIMSHUE HAa TOYHOCTh M3MepeHHs Moaudukauui ¢wistpa Kanmana npu HaOmOOeHMH MOJSPHBIX
KOOpJIMHAT.
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ITocTaHoBKa 3a029H

Hauanvenvie ycnosus. Ilpumem, 4to BekTop HabmromaeMbix mapamerpoB 0, cocrour u3

Pa30BBIX OLIEHOK paJiualibHON AabHOCTHU I M a3UMyTa [3; JaHHBIE COOTBETCTBYIOT JIBYXKOOPJAMHATHON
pamnonokarmonHoi crannuu (PJIC) kpyroBoro o63opa. OmmOKky HAONIONEHUS MIPENCTABISIIOT COOO0M
HEKOPPEJIMPOBAaHHBIC IICHTPUPOBAHHbBIC CIydaliHbIC BEIIMYMHBI ¢ KOPpEISIUOHHON Matpuied (KM)
OmMOOK U3MEPEHUSI:

oo 0

2’
0(5B

rae o,, o, — CKO rayccoBckux OmMOOK HAOIFOCHHS pAIHAlIbHON HaNIbHOCTH 1 a3UMyTa.

R, =

WNuTepBan oOHOBNEHMS NaHHBIX paBeH 1. HaOmromaercs neratenbHbiid ammapat (JIA),
JETAIMUN C TIOCTOSIHHOM CKOPOCTBIO MO MPSMOJWHEWHOW TpaekTopuu. B olieHHBaeMbIii BEKTOP
COCTOSTHUSI () BXOZST Pa30BbIC OICHKH MPSIMOYTOJLHBIX KoopauHaT JIA: X (HampaBieHHE Ha CeBep), Z

(Ha BocTOK) U cKopocteii nx u3menenust V, , V,.

Paccmampusaemovie moougpurxayuu @K [3,7]: ®K npu HaOMOICHUH KOPPETHPOBAHHBIX
npAMOYTONbHBIX KoopanHat; K npu HaOnroIeHHH HE3aBUCUMBIX MPSMOYTOIBHBIX KoopauHaT; OK
NIpY HAOJIIOJICHUH TIOJIIPHBIX KOOPAWHAT U (QUIIBTPALH MPSIMOYTONBHBIX KOOPAMHAT.

3adauu: 1) METOIOM MaTeMaTHYECKOTr0 MOJCIMPOBAHHUS OLCHUTh TOYHOCTH AMIPOKCHMALIUH
rayCCOBCKOW IJIOTHOCTH BEPOSTHOCTH NPH HEPEX0oJie U3 MPSIMOYTOJIbHBIX KOOPIUHAT B MOJIIPHEIE; 2)
MPOBECTH COTIOCTABUTENBHBIN aHAIN3 Pe3yabTaToB punbTpanuu Moaudukannii OK.

Oco0eHHOCTH IPUMEHEHUs] MeTOAa JIMHeapu3auuu B Mmoaudukauusax puiabtpa Kaamana

CrpykrypHas cxema jguckpetrHoro K mnpu HaONMIOMEHUWM NONAPHBIX KOOPAWHAT W
duabTpanMM NPAMOYrOJBHBIX HM300paxkeHa Ha puc.l,a. OueHka BekTOpa COCTOSHHS O,

NPOM3BOJUTCS HA OCHOBE HEBS3KM OLCHKM BEKTOpa HaOmogaeMbix mapamerpoB 0, u
MNEPECUUTAHHOI'O IKCTPAIOJIUPOBAHHOI'O 3HAYCHUA BEKTOPA COCTOSAHUSA h (&0(k " ) :
+
r T JX2+7°
OZ‘B =h(a)=h(|x Vv, z V[)= (1)

arctg(z/x)+(m/2)[2-sgn(X)-sgn(x)sgn(z)]

n A
A A

0, a 0 0
(ke (k+1) f (k-+1) A xz (k+1) a(k+1)
—_— 3 —> > > > 1, (0 )= X —> > —
I<k+1 \ * Kk+1
BnoK TouHOCTH Bnok TouHoCTM
- 00(k+1) (’i - 90(k+1) o
N 0(k-1) A — q kD) - —
h(ao(m) | ——— B(lk | Atk Hzao(k+1) < B(lk At,
a 9]

Puc. 1. CtpykTypHBIE CXEMBI aITOPUTMOB (QIIIBTPAINH: ¢ — TIPH HAOIIOCHUHN TTOIAPHBIX KOOPINHAT U
(GUIBTpAIH MPSIMOYTOIBHBIX; O — TP HAOIIOEHUH KOPPETUPOBAHHBIX MPSIMOYTOJIBHBIX KOOPAWHAT

OnHOBpeMEHHO € TiepecdeToM MaremaTmdeckoro oxkumanus (MO) BekTopa COCTOSHUS
OCYIIECTBIISIETCS epecueT KOPPEIAMOHHOM Marpunbsl ommoOok R, anpuopHOH TayccoBCKOM
wiotHocTu BepositHocTH (I1B) 3 npsimoyroneroii CK B nomsipayto [3, 7]:

” Z X |
2 2 2 2
Ry =HRH,", H, =[oh® (a)/ca| = W6+5 6 +z ,
X0 4
X +2? X2 +2%
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rze | — Homep crpoku Bekrop-pyukuun h(); 1=(0, ..., ny—1); n, — pasmeprocts O, ; j — HOMEp

snementa Bekropa cocrosrms o; j=(0, .., n,—1); n_ — pasmeprocts O; X,, Z, —
SKCTPAIOIUPOBAHHBIE KOOPAMHATHI B IpsiMoyronsHoit CK.

B ¢unperpe Kanmana mpu HaOmoAeHWH KOPPETMPOBAHHBIX MPSIMOYTOJBHBIX KOOPAWHAT
(puc. 1, 6) ouenka BekTOpa COCTOSHUS @ ,; (OPMHUPYETCS MO Pe3yiIbTaTaM HAOIIOEHHS Pa3OBBIX
A ‘T

OLIEHOK ~ NPAMOYTOJBHBIX ~ KoopauHat 0, . =H)A(f (k1) Z, (k+1) Ilpy sTOM HEOOXOAMMO

IIePeCUuTaTh KOPPE/LMOHHYI0 MAaTPHIy OMHKOOK TeKymux udMeperuit R, B mpamoyromsayro CK

R,, [6]. lns mepecuera oneHkn BekTopa HabmoneHus 0, (ks1) 13 momsipHoi CK' B IpsiMOYyroJIbHYO

0,, (1) MpuMenseTcs BekTOp-QyHKIMS h,, (Bf (k+1) ) :

X+ (k+1)
xz(k+l) — 5

A A £ COS(Bryr))
(k+1) (k+1)
0 =h,, (Bf(M) ) =

f(k+1) f(k+1) Sin(B(k+1))

B ®K npu HaOIIOAEHHH HE3aBHCHMBIX MPSIMOYTOJIBHBIX KOOPAWHAT CYMTACTCS, YTO OIIHOKH
HAOIOJICHUI MEXIy co0oi HekoppenupoBaHbl. [logo0HOE momyleHWe MO3BOJSAET (GHILTPOBATH
OPSMOYTOJIbHBIE KOOPIMHATHI X, Z pa3feibHO NPH MOMONIM JBYX HaeHTHYHbIX DK mo kaxmoi
IpsAMOYTOJIbHOM KoopauHare [2, 3].

OHeHKa TOYHOCTH aANIMIPOKCHUMAIUH FayCCOBCKOﬁ MJIOTHOCTH BEPOSATHOCTH IIPHU MMEPEX0a€ U3
NPpAMOYT0JIbHBIX KOOPAUHAT B MMOJSIPHBLIEC KOOPAUHATHI

[ OLIeHKH TOYHOCTH allpOKCHMAIMK FayCCOBCKOW IIOTHOCTH BEPOSITHOCTHU IIPHU MIEPEX0AE
U3 NPSAMOYTOJIbHBIX KOOPAMHAT B IOJIAPHBIE KOOPAMHATHI M OOpaTHO NPUMEHsUICS MeTon MoHTe-
Kapno [1, 8, 9]. DToT MeToA TO3BOJISIET YHCIEHHO ONPEACINTh HEUCKaKeHHYIO olleHKy MO nu KM
npeoOpazoBanHoi [IB. Ilpumenenue meronma tpeOyer dopMupoBaHUs OOJBIIOTO YHCIA BEKTOPHBIX
TrayCCOBCKMX CIy4aiHbIX BenuunH (orcyeroB) ¢ 3amanHeiMu MO u KM, mocie dero kaxmas
CiyuaiiHas BeNMYMHA TEPECUMTHIBAETCS MPU TMOMOIIM HeluHelHoro mpeobpasosanus (). Tlo

MIEPECYUTAHHOM cOBOKyIHOCTH onpenenstoress MO u KM pesynstupyromei I1B.

Pesynpratel mpumeHenusi merona Monrte-Kapno mpencraBieHsl B BEpXHEH 4YacTH pHUC. 2.
HaOnromaeTcss  cyliecTBEeHHOE OTIMYME 3aKOHAa pacrpeseneHus pesynbrupyomein [IB ot
rayCCOBCKOrO TMocie HemuHeHHoro mpeoOpazoanums (1). [Ipumenenune wmeroma MonTte-Kapmo
no3BoJseT onpenenuts oTkiaoneHrne MO u KM, noiay4eHHbIX METOAOM JIMHEapH3aluH, OT HICTHHHOTO
3HAa4YEHUS, YTO IOKA3aHO B HIDKHEW dwacTtu puc. 2. Jns mpuBEeNeHHOro INnpuMepa HaOmogaeTcs
OoTKJIOHeHHe oOleHKH MO u 3HauWTeNbHOE WCKaXEHHE DJJUIMICAa OIIMOOK OSKCTPANOJSAIUH OT
WUCTUHHOTO 3HaueHus. [Ipu nmpoBeneHun uccineIoBaHuid YUCIo 0TcueToB ObuT0 BEIOpano 40000.

s ompeneneHus CTETIEHH WCKAXXEHUS Iepecdera rmapaMeTpoB rayccoBckoil 1B meromom
JUHeapu3allui MOXHO MPUMEHATH TPY MOKa3aTesd kauecTna [6]: cymmapHas omubka nepecuera MO;
ommbka nepecyera 3neMeHToB KM 1 coCTOSTETHHOCTS IPEe0Opa3oBaHusl.

Cymmaphas ommbOka rnepecuera MO: X Z\/(I’M cosB,, —%,)° +(I, sinB,, —Z,)° , rae By

Iy — koopaunatel MO B nonspuoii CK, nonyuennsie metogom Monre-Kapiio.
Ommbku nepecuera MO 1o paguaabHON JadbHOCTH U a3UMYTY METOIOM JIMHEAPU3aLHH:
Ar, = |rM - I’O| , ABL = |BM —BO| , rae By, I, — xoopmunarer MO B momsproit CK, momydeHHbIe

METOJIOM JIMHEAPU3ALNH.
OOk niepecuera 3meMeHToB KM sKeTpanoisiiuu MeTOI0M JTMHEeapH3ariim:

AR, :|RrM _RrL|’ ARy :‘RBM _RBL" ARy :‘RrﬁM R |,
rre Ry, RBM , RrBM — snementsl KM, nonyuennoii merogom Monre-Kapio, B nonsproit CK 1o

paaManbHOM NaTbHOCTH, a3MMYTY M B3aHMHOI KOPPEILSILUN PaJHaibHON JaIbHOCTH U a3uMyTa; R, ,

73



RﬁL , RFBL — anemenTsl KM, moimydeHHON MeTooM JuHeapu3aiuy, B moiasipaoid CK no paguamsHOM

JAIBbHOCTH, a3UMYTY M B3aUMHOI KOPPEIISLUH PajHaIbHON JaIbHOCTU U a3UMyTa.
T g
CocrosiTensHOCTh peobpazoBanus [6]: 1 = tr(((mo -my )(m,—my ) +R, ) RMl) ,

rae M, — MO B nonspuoi CK, nonyuennoe meronom nauneapusanuu; My, — MO B nonspuoi CK,
noxyueHHoe merogoM Monte-Kapio; Ro — KM B mnomspuoit CK, mnomydeHHass METOIOM
nuneapusanny; R, — KM B nomspuoit CK, nomyuennas Merogom Moure-Kapiio.

MNpeo6bpasoBaHue metogom MoHTe-Kapno

X, KM
(Cesep)
10

3/MNC OWMBOK IKCTPANOAALMN

meTogom MowTe-Kapno 3nAMNC oWKnBoK

3KCTpanonAauumn metoaom
More-Kapno

MO owuboK IKCTpanonauum

meTtogom MowTe-Kapno h( )
O=["= 2

Bi| [arctan| =

2, KM
(BocTok)

39

MO owWMBOK 3KCTpanoAAMH
meTopom MonTe-Kapno

-10

39 40 a1
PaananbHan 4anbHoCTb

X, KM 37MNC OWMBOK SKCTPANOAALMM
(Cesep))| meTosom MohTe-Kapso
10

~
anaunc owmnbok
IKCTPANONALMN METOAOM
100 NMHeapuaumn

T
h(s) =l = 7
B arctan(j]
39 39.5 40.0 40.5 Z, kM X

(Boctok) RrB _ HTszH

MO owMBOK 3KCTpaNoAAMH
meToaom Mokte-Kapsio

MO owwnboK IKCTpanonAuUn
METOZIOM MHeapu3aumum

39 40 2
PaananbHan 4anbHoCTb

Puc. 2. IIpeoOpazoBaHue INIOTHOCTU BEPOSTHOCTH MPU HAOJIOAEHHUH MOJSIPHBIX KOOPAMHAT U (HHIIBTPALIUH
HPSIMOYTOJIbHBIX KOOPIMHAT

R, kM

VYcnoBus HaOMIOAEHUS TIPU MPOBEICHUH MOJAEIBHBIX 3KCIIEPUMEHTOB IO OLIEHKE TOYHOCTHU
armpokcumaryn 11B npeacraBnenst B Tadn. 1. [lnst agexkBaTHOTO pacdera mapamerpoB ucxonHou [1B

B npsmoyronsHoit CK 3amaBamuce cienyromme mapamerpsl (cMm. puc. 3): T, B — MO npansHOCTH U
asumyra (ompepemstor MO IIB); o, 65 — CKO mno pampHOCTH W a3uUMyTy JBYMEPHOH

HekoppenupoBanHoi I1B B momsaproit CK; ¢ — yron nmosopora I1B.

Mo 3amanueM T, B, ©

¢+ Op PACCUMTBIBAIOTCS SKBHBAJIICHTHbIC ITapamMeTprl ucxonHoi I1B B

npsimoyronsroit CK 6, u G,, nocie gero ompexemnsiercss KM R, ucxoxmoit I1B ¢ yuerom yria

Z 2
noBopota ¢ [7, 8]:

Ox

. = —_2 . 5 ) T
cose —singl|lo? cos® B+ GEI’ ?sin® B 0 cosQ —sin@
“ llsing coso 0 o?sin’ B+o;7* cos’ Bf[sing  coso

Oz

Ilo pesynpTaTaM NPOBEACHHBIX HCCIEIOBAHUN MOXKHO CHENaTh CIEAYIOIIHUE BBIBOJBL:
1) ycrmoBust HaOMIOMEHHST OKAa3BIBAIOT CYNIECTBEHHOE BIUSHHME Ha ONIHOKH AlIPOKCHMAIIMH METOIOM
JUHeapu3aluy; 2) npyu (PUKCUPOBAHHON NaIbHOCTH HAONIONAETCS CIOXKHBIA XapakTep HW3MEHEHHS

OIIMOKHM aNMpOKCHMAIUK MpH M3MeHeHnn [3 u ¢. Omunbka MUHUMaIbHA (CTPEMHTCS K HYJII0) B
ClTy4ae KOrJia yrodl Y MeKIy OJTHOW M3 OCeH AJuTuIica OMMOOK U IMHUEH Bu3upoBaHus paseH 90°. [lpu
npuONImKeHHn yrna y kK 45°, makcumanbasie 3HaueHns AR, ARﬁ MoryT mpocturath (2-3) Gy u
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(2-8)c, coorserctBenHo, a 3mauenust Al u AP, 6ymyr mocrurars (0,5-3) o,, (0,1-0,5) o
COOTBETCTBEHHO; 3) YBENMUEHHE Oy M T IPHUBOJAUT K CYIIECTBEHHOMY HEJTMHEHHOMY POCTY BCEX

COCTABJIIFOMINX OIIMOOK aNNpOKCMMAlWy; 4) yBEIUYCHHE ©, Ha Oonmpmmx manbHOCTAX (T >>0, ) HE

IMPUBOJIUT K POCTY OIIIMOOK AIIpoOKCUMaluu.

Tabmuma 1. YcjaoBusi HaGJ 0 1eHUs IPU NpoBeIeHUA MOICJIbHBIX JKCIIEPUMEHTOB

DKCIePUMEHT = a
p r B o, Op ¢
BrusiHne m3MeHeHust ko3 QUIMCHTa B3aHMHON 100 1 90° 100 m 257, 40" 0°
KOPPEISIIUS MPSIMOYTOJBHBIX KOOPHHAT
Bnusinue usmenenus azumyra 100 xm 0°—360° 100 m 257,407 0°
Bnusinue usmenenus paguanbHON JanbHOCTU 4-200 kM 90° 100 m 40’ 0°
Bnusinue usmenenus yria xkypca JIA 100 xm 90° 100 m 60°, 70" 0°—360°
BnusiHue 3KBHBaJEHTHOTO YIJIOBOTO pa3Mepa 5 100 M, Ty o
QIUTATICA ONMTHOOK IKCTPATOIISIIHN 100 xm % 500 m. 10180 0
X A Dnmne
omuboK
Jlunus
BI/I3I/IpOBaHI/Iﬂ
B .~ 69 A
P 6o,
7>

Puc. 3. TlosicHeHUE MOCTPOSHHUS AILIAIICA OIIHOOK
Bansinue omu00K annmpoKcMMAaNUH MJIOTHOCTH BEPOSITHOCTH HA Ka4eCcTBO (puiabTpauun

Metonnka wWCCIeOBaHUS BIMSHUS YCIOBUH HAONIOJCHUST Ha TIOKa3aTelld KauecTBa
¢unbTpanyu Mogudukainuii @K npu HaOMOACHWU MONSPHBIX KoopawHAT JIA Bkiowansa B cebs
sramel [6]: ompemeneHue MoOKaszaTeneil KadecTBa;, pa3paboTKa KOMIUIEKCA MAaTeMaTHYeCKOro
MOJAEIMPOBAHUS Il aHaldW3a BBHIOPAHHBIX IIOKa3aTeNedl KauecTBa, ONpeIelIeHUE YCIOBUM
MOJICIIMPOBAHNS; MATEMATUIECKOE MOJICTUPOBAHUE U COMIOCTABUTENLHBIN aHAIN3.

Toxazamenem rauecmea Gunprpanun mMoandukammii GK Obuto BEIOpaHO HOPMHPOBAHHOE

CKO cymmapuoii omm6ku n3mepenust mecrononoxkenns Ag(K) [3, 4, 6]. HopmupoBka npumensiiach

k CKO Ttekymmx oreHok. B xo1e MomenipoBaHus KaKIOTO MOJIEIIEHOTO SKCIIEPUMEHTa Pe3YJIbTaThI
yepeassuincs 1o 5000 onbiTHBIX peanu3anuid. [lepuon 0630pa PJIC pasusiics 10 c.

Jiss  comocTaBUTENBHOIO MOJICTUPOBaHUS KadecTBa ¢uibTpanuu Mogudukanuii DK
MCIIOJIb30BAJICSI KOMIUIEKC MaTeMaTHYeCKOr0 MOJEIMPOBaHMSA, ONUCAHHBIN B [3, 4, 6]. Cxopocts JIA
SIBJISIACHh MOCTOSTHHOW M paBHsu1ach 1000 km/4. YCioBusi HAOIOIEHUS MPU MPOBEICHUN MOJCIbHBIX
9KCIIEPUMEHTOB TI0 COTIOCTABJICHUIO MOKa3aTesell kadectBa pa3nuanbix OK npesicrasiens! B Tad. 2.
Tpaekropun Tpy IPOBEACHUN MOJIENBHBIX SKCIIEPUMEHTOB N300paxkeHbl Ha puc. 4, a—s. [lapameTpsr
tpaekropu (I, B, — AaIBHOCTb M a3UMYT Hadajla TPAEKTOPHHU; O — YTrOJ Kypca, KaK Yroid MexiIy
HaIpaBJIeHHEM Ha CeBEp M HANPABJICHUEM I10JIeTa) BEIOMPATHCH TAKUM 00pa3oM, uToObl Ha 40-M 1mare
oOHoBieHust naHHbIX JIA nposneran Ha nameHOocTH 100 KM oT PJIC ¢ azumyrom 90° — Takoii BEIOOD
rapaHTHpPYeT 3aBEPIICHUE BCEX MEPEXOAHBIX MIPOLECCOB, NPOUCXOAAIINX B Moaudukanusix OK.

Tabnma 2. Ycaoust HaGII0AeHHs] TPH MPOBeIeHHH MOAEJbHBIX IKCIIEPHMEHTOB M0 CONMOCTABJICHHIO Pe3yIbTATOB
padoTsl Momudukanuii PK

DKCHEepUMEHT ry BH c, Gp o
Brnusiaue n3menenust kypca JIA 100 kM 90° 100 m 25,707 0°—360°
Binsiane m3menenus CKO omm6ok H3MepeHHst a3uMyTa 100 xm 90° 100 M 10—180° 45°
BunsiHie M3MEHEeHNsI HAYaIbHOM pajHalbHOI 10-200 11 900 100 o 25" 70" 450
JaneHocTH J0 JIA
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Brusinue usmenenus xypca JIA. Tpaektopun JIA m3o0paxkensl Ha puc. 4, a. Ha puc. 5, a, 6
MPEJICTABICHBl 3HAYEHUS CYMMapHOW OIMMOKM W3MEPEHHS MECTOIOIOKEHUS IS  Pa3uIHbBIX
3HadeHnit CKO ommOKu m3MepeHus: a3uMyTa. Y4YeT B3aWMHOW KOPPEJSIUH IIPHBOIUT K BBIUTPHIITY
o 12 %, 4To MONTBEPKAACT MPOBEACHHBIC UCCleoBaHus B padote [3]. Jlias MeHbIero 3HaueHUS
CKO ommbkn n3MepeHus a3uMyTa, MaKCUMaJIbHOE 3HAYE€HHE CYMMAapHOW OIMMOKH HaOIr0MaeTcs IS
3HaueHW Kypca paBHBIX 90° m 270°. DTO mOsACHSAETCS MaKCHMajlbHBIM 3HAYEHHEM OLIHOKH
annpokcuManud MO MeToIoM THHeapu3alHy.
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Puc. 4. YcnoBus mpoBeIeHUS MOIENBHBIX 3KCIIEPUMEHTOB: d — BIMSHUE H3MEHEHHS YIila Kypca; 6 — BIUSHHUE
usmenennss CKO omubKkn u3MepeHns a3uMyTa; ¢ — BIMSHUE U3MEHEHUS HaualbHOM paguaibHON JAIbHOCTH
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Puc. 5. 3HaueHne HOPMUPOBAHHON CYyMMAapHOW OMNOKY U3MEPEHHSI MECTOTIOIOKEHUS TP U3MEHEHUH YTIia
Kypca: a — 0,=25", 0— 6, =70"; 6 — ipn usmenennu CKO OLIMOKH N3MEPEHHMS a3UMYTa; IIPU U3MEHEHUH
paauanbHOM JaNbHOCTH; & — o =25",0— o =70’

Bruanue uzmenenuss CKO owubox usmepenus asumyma. TpaekTopusl IUIS TPOBEICHUS
JTAHHOTO MOJIETTLHOTO JKCIIEpHMEHTa u300paxkeHa Ha puc. 4, 6. PesympraTtel MopemupoBaHUS
MPEJICTaBJICHBI HA pUC. 5, 6. Kak u B mpeapayieM MOJeIIEHOM SKCIIEPUMEHTE, YCIOBYSI MTPOBEICHHUS
BbIOpaHbl TakuM 00pa3oM, 4To0bl JIA mposietan Ha 40-oM 11are HaOMIOACHHS PaAUaIbHYIO JaIbHOCTb
100 kM ot PJIC m asumyrt 90°. Yuer B3aMMHOW KOpPEISLMHU JUIS TaKUX YCIOBUM HaOIrOmeHUs
NPUBOAUT K BBIMTpHIY 10 15 %. Hago oTmeruTh, YTO TpH 3HAYUTEIHLHOM POCTE OIIMOOK
annpoKcHMaluy (py yBEIMYICHUN G) HabmroaeTcs cpbis conpoBoxaeHus B OK npu HabmoneHnn

NOJISIPHBIX  KOOPJIUHAT ¥ (QWIBTPAlMKM TPSMOYTOJbHBIX KoopawHAT. @uibrtpel Kanmana mpu
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Ha6J'IIO)_ICHI/II/I KOppPCIUPOBAHHBIX IIPAMOYTOJIBHBIX KOOPAWHAT U IIpHU Ha6J'IIOI[CHI/II/I HC3aBUCHMBIX
MIpAMOYTOJIBHBIX KOOpAWHAT yCTOfI‘II/IBLI K pOCTy 0[3’ T.K. JJId HHX OIIIMOKHU afrnpoKCuMalum HE

CYIIIECTBEHHEI 110 CPaBHEHUIO C MepBoi Mogudukarmeir OK.

Brusinue usmenenus navanvrou paouanvhoi oarviocmu 0o JIA. TpaeKTopuu A IPOBEICHUS
JTAHHOTO MOJICJILHOTO JKCIEPUMEHTa W300pakeHa Ha puc. 4, 6. Pe3ynbprartel mpeacTaBieHBl Ha
puc. 5, 2—0 ans paznmuusbix 3HadeHuit CKO ommOku usmepenus asumyrta — 25° u 70°. ®K npu
HAOMOEHNA HE3aBUCHMBIX MPSIMOYTOJBHBIX KOOPAWHAT MPOWUTPHIBAECT JYUIIAM ITOKA3aTeNsIM
1m0 15 %. VYBenudeHue JIANBHOCTH JIO LEIM NPUBOJAUT K POCTY OMMOOK amNlpOKCUMAIMH U
COOTBETCTBEHHO K CpbIBY comnpoBoxiacHus @OK mnpu HaOmogeHWM TMONSAPHBIX KOOPAWHAT |
(buIbTpayH MPSIMOYTOIBFHBIX KOOPIWHAT Ha OONBIINX JATBHOCTAX. 31€Ch TPeOyeTCs OTMETHTb, UTO B
3TON MOIUGUKAIINH TapaMeTpsl GuIbTpa (YUacTBYIOIIHE B IIEpECUeTe) COIIACOBAHHEI C TTapaMeTpaMu
PJIC. Jins mpenoTBpallleHUs CpbIBa CONPOBOXJICHUS B YPAaBHCHHUSAX ITIEpecUYeTa MOXKHO NMPUMCHSITH
YBCIIMYCHHbIC 3HAYeHus ©,,6;. Ho B orom cimyuae Oyaer HaGmogaThess poOCT  OUIMOOK

aIpPOKCUMAITIH Ha BCEH NUCTAHINN U, KaK CIEACTBUE, POCT OMHMOOK (DHITETpaITHm.

3aka0ueHne

JlnsT HEKOTOpBIX YCIIOBHHM pPaTUOJOKAIIMOHHBIX HAOIIOJACHUNA METON JIMHEeapu3aluu He
MONXOIUT IO MPUYUHE BO3HUKHOBEHHS 3HAYUTEIBHBIX OIIMOOK AalMpPOKCHMAIUHU. YBEIHUYCHHUES
OIMOOK aIMpOKCUMAIMK HANpAMYIO BIHAET Ha PE3yNbTaThl pabOTHl aNrOpuUTMOB (DHUIBTpaIvu.
Haubonee cunpHOE BIUSHWE HAa HM3MECHEHHE OIIMOOK AamNMpPOKCHMAMKW W TOYHOCTh W3MEPEHHS
moaupukanuid ®K okaspiBaroT: CKO omubku n3MepeHust a3umyTa, pajguaibHas AabHOCTh 10 JIA,
kypc JIA. CKO ommbxu n3MepeHuns paauaibHON TadbHOCTH OKa3hIBaeT HECYIIECTBEHHOE BIMSHUE HA
OIMOKYM aIIpPOKCHMAITUH METOJIOM JIMHEApH3AIMH. YUYeT B3aMMHON KOPPEISIHUA TPSIMOYTOIBHBIX
KOOPJIMHAT MPUBOJUT K BBIMTPHIIILY 110 TOYHOCTH 10 15 %.

THE CONDITIONS OF OBSERVATION RESEARCH FOR EXTENDED
KALMAN FILTER GOODNESS-OF-FIT USING MONTE-CARLO METHOD

A.S. SOLONAR, P.A. KHMARSKI
Abstract
Accuracy of approximation Gaussian probability density at conversion of measurements from

Cartesian coordinates to polar for various conditions of observation is estimated using Monte-Carlo
method. Conditions of observation research for extended Kalman filter goodness-of-fit are presented.
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