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NPUMEHEHUWE MHOT'O3TAITHOI'O METOJA
IHEPBOHAYAJIBHOI'O OITPEJAEJIEHUSA ITAPAMETPOB OPBUTHI
KOCMHMUYECKOI'O OFBEKTA B CUCTEME TPAEKTOPHBIX U3MEPEHUI

Ipeonooiceno npasuno, obecneuusaiouee KOPPEeKMHOE UCHONb308AHUE MHO20IMANHO20 Memodd NepEOHd-
YANLHO20 ONpedeneHuss NaApamMempos OpoUmMbL KOCMULECKO20 00bEKMA N0 OAHHLIM HECKONbKUX CEaHCO8 USMEPEHUl
KOOPOUHAM NOAOANCEHUSL U PAOUATLHOU CKOPOCMU 8 YCIOBUSX, KO20d HA KANCOOM ceaHce usdblmounas 6blOopKa pe-
3YILMAMO8 U3MePEHUll pedyyupyemcs 00 OYeHKUu Napamempos 08UdICeHUsi Kocmudeckozo oovexkma. Iloxkaszano, umo
HOZPEeUHOCHU MEMOOd, GHOCUMbLE NPU NPUHAMbBIX YAPOUWEHUSX, HE NPEGLIUAION GeTUYUNY NePUOOUYECKUX BO3MY-
WeHUtl napamempos, 00YCIO0GIEHHbIX GUSIHUEM HEYEHMPATbHOCU NOJISL MA2OMeHUs: 3eMau, 4mo 6noane 0onyCcmu-

Mo npu onpedenenuu opoumel KO na HauanbHom smane cOnpo8o#COEHUsL.

Knwuesvie cnosa: kocmuueckuii 061;el<m, njiaocKocmbo 0p6umbt, nepeonauaibnoe onpebeﬂeuue napaviem-

o6 opoumuwl

BBenenune

ITocTanoBka npodaemslt. [Ipu nocrpoeHnn cucteMm
TPAaeKTOPHBIX H3MepeHuit [1], KOTOpble OCYIIECTBISIOT
conpoBoxieHne kocMuueckux oowvekroB (KO), Bropnu-
Has ¥ TpeTHUuYHasi oOpaboTka pPe3yNlbTaTOB HM3MEPEHUH,
KaK TIpaBWIIO, pa3ZielieHbl: NepBas OCYIIECTBISIETCS Ha
M3MEPHUTENBHBIX CTaHIMAX, a BTOpas — B LEHTpe o0pa-
OOTKM JIaHHBIX, MOCTYNAIOUIMX OT PAa3IMYHBIX CPEICTB
mMepenuid. Tak, B Cucreme KOHTPOJS U aHaIU3a KOC-
muueckori oocraHoBku (CKAKO) 3amava ompeneneHus
Tpaektopuil KO, npoxoasmux depe3 30Hy AEHCTBUSA pa-
nuonokaronno craniuu (PJIC), pemraercs B mporrec-
ce ¢yukiponupoBanus PJIC, a momydeHHbIC OIICHKHU TO-
crymnatoT B LleHTp KOHTPOJIsI KOCMUYECKOTo MPOCTPAHCT-
Ba, TJIc HA OCHOBAaHHU COBMECTHOW 00pabOTKHU MoceaHc-
HBIX OIIEHOK MNpou3BoAuTCs yrouHeHue opout KO wu
ocyIiecTBisieTcst BeeHue karanora KO.

IIpu Takol opraHM3amuu Iporecca 00pabOTKH
WU3MEpPUTENFHON HMH(pOPMAallMi HUCIIOJIB30BAaHHE pac-
CMOTPEHHOTO0 B [2 — 4] MHOIOATaHOI'0 METO/Ia TIEPBO-
HAYaJIBHOTO OINpE/EIeHUs TTapaMeTPOB OPOUTHI KOCMH-
YeCcKOro 00bEKTa 110 JJAHHBIM HECKOJIbKUX CEaHCOB W3-
MepeHUi KOOpJUHAT TIOJIOXKEHUSI U PaJuaIbHON CKOpO-
CTH He 00ecCIeYnBaeT BO BCEX CIy4asX KOPPEKTHOE pe-
nieHre. JTOo CBSA3aHO C TEM, YTO METOJ pa3paboTaH st
YCIIOBHH, KOT/Ia Ha K&XKIOM CeaHce IMoJlydeHa U30bIToY-
Has BBIOOpDKAa pe3yJbTaTOB W3MEPEHWH, a pe3yNIbTH-
pyloIas OIleHKa MapaMeTpoB OPOUTHI HAXOJUTCS ITyTEM
COBMECTHOH 00pabOTKM Bcell M3MEpHUTEeNbHOW HHGOp-
Malluy, TOJy4eHHOH Ha HECKOJIIBKMX ceaHcax. B ycmo-
BUSIX, KOTJIa HA KaXXJOM CeaHce MOJY4YeH JIMIIb OJIUH
BEKTOp mapamerpoB asmwxkeHus KO, BO3HHKaeT HEOHO-
3HAYHOCTh IPH BHIOOpPE HAIPaBJICHHUS OIICHKH OpTa

Leap padoTsl — pa3paboTka MpaBUI, KOTOPHIC
obecrieyaT KOPPEKTHOE HCIOJIb30BAHUE MHOTOITAITHO-
ro METOAa IMEePBOHAYAIBHOTO ONpEACICHHs MapameT-
poB tpaekTopuit KO no maHHBIM HECKOJBKUX CEAHCOB
WU3MEPEHUI KOOPAMHAT ITOJIOKEHUS U ParaIbHONW CKO-
POCTH B YCIIOBHSX, KOT'/Ia Ha KQXKJIOM ceaHce M30bIToY-
Hasl BEIOOpKa pe3yJabTaTOB M3MEPEHUI peaylupoBaHa
JI0 HEKOTOpOU oleHKH mapameTpoB Asmkenus KO.

PesyabraThl ucciaenoBanmii. B odmem Buze an-
TOPUTM MHOT'O3TAITHOIO METOJIa BKIIIOYAET CIEAYIOLIHE
STaITBl: OLIEHKA BPEMEHHU MPOXOXKIIEHUSI HEKOTOPOTro ap-
TYMEHTa LIIMPOTHI Ha 3alaHHOM BUTKE B TpeleNax WH-
TepBala W3MEPEHHH; MOCcienoBaTeIbHAsI OLECHKA ILIO-
CKOCTHBIX U BHYTPHIUIOCKOCTHBIX MapaMeTpoOB OpPOHTHI
JUTs 3a7iaHHoro (hoKaIbHOro apameTpa P ; mouck tako-
ro P u cooTBercTByIOIIEH €My OLIEHKH IMapaMeTpoB
OpOUTHI, KOTOpbIE Obl MHUHHMH3HPOBAIN HEKOTOPYIO
LIEJICBYIO (DYHKITHIO.

OneHka MapaMeTpoB IUIOCKOCTH ONpeNeNsercs u3
OLIEHKH OpTa HOPMAJIM K IUIOCKOCTH OpOHMTHI N , KOTOPBIH

COBIAZAET C COGCTBEHHBIM BEKTOPOM T (1) MaTpHm!

N;

i=1 j=1
rmue Rij — xoopauHatel KO B mHepuuaabHOW CHUCTEME

koopauHat (MCK), paccuntanHble U3 pe3yinbTaToB H3-
MepEeHUii; Aij — MAaTpulia, YYUTHIBAIOIIAS NPELECCUIO

JIMHUU Y3J10B; S — gucio CCaHCOB, I\I1 — YHUCJIO U3MEpeE-

HUI Ha i-M ceaHce.

Hanpasiienre N BbIOMpaeTcs M3 YCIOBHSA BO3PAc-
TaHWSI apryMEHTa WIMPOTHl HA OJHOM (IIPOM3BOIBHO
BBIOpaHHOM) ceaHce

HOpPMaJIM TUIOCKOCTH OpOWTBI, YTO CBSI3aHO C HEBO3- ) Nimin (J)’ npu Uj <UiNi;
MO>KHOCTBIO IIPOBEPKHU YCIOBMsI BO3pacTaHUs apryMeEH- n= 2)
T4 “Nmin (V), 1w Uy > Uy,
POTHI C TCYEHUEM BPEMEHHU. i
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rae U;;, Ujy. — apryMeHT LIMPOTHI, COOTBETCTBEHHO,
1
MIEPBOTO ¥ TIOCITICAHETO H3MEPEHUS Ha i-M CceaHce.
B ciyuae, xorma N; =1 (i=1...S), mpasuio (2)

aacr KOppeKTHOe peHJeHI/Ie HpI/I BBIITOJTHCHU N yCHOBI/IH
U; <Uiys (3)

T.€. IIPU BO3pACTaHWU 3HAYCHUU apryMeHTa IIUPOTHI C
TeueHreM BpeMeHH. OJHAKO BBIIOJIHEHHE 3TOTO YCIIO-
BHS B IpoIlecce 0OpabOTKH Pe3ylbTaTOB M3MEPCHUM, B
obmieM ciydae, He rapantupyercs. Ha puc. 1 mokasan
npuMep Takoro ciaydas (3aecs U, < Uy ).

Z

IUIOCKOCTB 3KBaTOpa

3 BOCXOMSIIMN y3em

Puc. 1. [Ipumep HeBbInonHEHUS ycnoBus (3)
(R; — ouenka panuyc-Bexropa KO Ha i-M ceaHce;
1, 2, 3 — nopsAKOBBIE HOMEPA MEPHBIX BUTKOB)

B Takom ciyuae HeoOXoaMMa IOTOJHHUTENbHAS
uHpOpMAIUs O HANpaBJIeHUH N . B kauecTBe TakoW UH-
(opMaIy MOXXET BBICTYNATh HEKOTOPBIA OPT 1, Oyu3-
KU 110 HAIPABJICHHIO K N . YCIOBHEM TOTO, YTO OpPTHI
N ¥ 0 COHANpaBJIEHBI, MOXKET CIY)KUTh COBIIAJCHHUE
3HAKOB MPOEKIMHA N M N Ha Ty OCh, IO KOTOPOit abco-
JIIOTHOE 3HAYSHUE KOOPAMHATHI HaHOOJbIIIee

signﬁj =signﬁj, j=argmax|ﬁl-| ,1=X,y,Z.
1

9T10 YCJIOBUE NIPUMEHUMO B ClIy4da€, Korja pacxo-
KJIEHUE 10 KaXKI0u KOOpAuHATe i U N He IpEBbINIACT

1/ \/5 , TIOCKOJIbKY, C Y4ETOM EIMHUYHOM JJIHUHBI OpTa,
BEJIMYHUHA, [T0 MEHBIIIEH Mepe, OJTHON U3 ero KOOpIUHAT
Bceraa He MEHbIIE 1/ \/5 . DTO 0O3HAYaer, 4To B Iepe-
cuere Ha rpaayCchl yroj MKy 0 W N He JOJDKEH Ipe-
BBHIIATE ~ 35°. YUuTbIBas, YTO CpedHUE KBaApaTHUE-
CKHE OTKJIOHCHHS OIEHOK IUIOCKOCTHBIX IapaMeTpoB,

MOIYYEHHBIX Ha Ka)XIOM CeaHCe He MpeBhIIarT ~1°
[5], B kauecTBe N MOXKET OBITH UCIONH30BAHA OIICHKA
1; , pACCYMTAHHAS HA OJJHOM H3 CEaHCOB.

OO003HaYMB M =Ny (J) MpaBWIoO BhIOOpa Ha-

IpaBJICHUA IJIA N 3aluIIeM B BUIC

n, ecnu signm; =signi;
n= , o “4)
—n, ecin signn; #signij,

rae j=argmax|ni|, T; — MPOEKIUHU OpTa T Ha OCH
1

UCK, i=x,y,z.

PaccmatpuBasi BOIpoC OMpeAeeHUs INIOCKOCTHBIX
mapaMeTpoB HEOOXOAUMO OTMETHUTh, YTO DIJIEMEHTBI
MaTpPHIIBI Aij ecTh ()YHKIIMA BEKOBOI'O BO3MYIICHUS

JOJITOTBI BOCXOIAUICTO y3J1a

.2
Q:iscosl, ()
p2

rae | — HakJIOHEHHUE IUIOCKOCTH OpOUTHI;, & — IpaBUTa-
LMOHHBIN MapamMeTp [1], T.e. 3aBUCAT OT 3HA4YEHHUS Ha-
KJIOHEHUsI, KOTOPOE caMo 110 cebe sIBJIIeTCs OlleHHBae-
MBIM TapamMeTpoM. J{Jsi yrpoIeHns: BEIYUCIUTEIbHOM
MIpOLeyphl aJfOpUTMa MeTofa B [2] mpeanoxeHo 3a-
MeHuTh | B (5) Ha ycpeqHEHHOE 3HaYEHUEM HaKIIOHE-

HUA I, paCCUUTaHHBIM Ha OCHOBAHUH ITOCCAHCHBLIX

oueHok I; . C yderom mocrossHCTBa I BO BpeMeHH, Be-

JIMYHUHA T MOXET 6I)ITB Haﬁ[[eHa KakK
_ 138,
i=l1

OHCHI/IM BCJIMYMHY IOTPEHIHOCTH, CBSI3aHHOM C

3amenoid B (5) 1 Ha 1, paccuntannoro no (6). [Ipenmno-
JIO)KMB, YTO B MAJIOW OKPECTHOCTH MCTUHHOTO 3HAYECHUS
Q) ero morpemHOCTh AC) JHWHEHHO 3aBUCHUT OT TIO-

TPELIHOCTH Al = |I - T| , MOXKHO 3amucaTh
. 2 _
2O =[ 2™ Gn1 AT .
P2

OueBUAHO, YTO 3Ta MOTPENIHOCTh MaKCHMajbHa
. s
no moaynwo npu sinl==1, nmn I = i?’ T.€. I II0-

JIAPHBIX Op6I/IT, 1 €€ MaKCUMAaJIbHOC 3HAUYCHUEC
. 2nd  —
AO =TT,
max P2

A

Y‘II/ITHBaH, YTO NOIrpC€UIHOCTDb I;

. cocrasister ~1°

[5], 3HadeHme morpemHOCTH Al MOMKHO OLEHHTH KaK
AT~T°/4S. $=2,3,4,
AT~0,7°, 0,57°, 0,5°.

AQmaX COOTBETCTBYET IIOTPEIIHOCTH OIpeaeTICHUs

[Ipu COOTBETCTBEHHO,

HpI/I OTOM IMOIr'p€HIHOCTb

TOYKH Bocxomsiiero y3ia (BY) ARy 4epe3 BHTOK Op-
OWTBI HA BETUUUHY

25

AT |,
P2

AR =R, sin
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rae Ry, —Moxymb paauyc-BekTopa KO B BY.

Jlnst Hu3koopOuTansHeix KO 3Ta BelmUYnHA MMEET
NOpsZIOK coteH MeTpoB. Hampumep, pu AT = 0,6° s
HarmonainbHOoro KA «Cuu-1» AR ~ 0,61 kM. DT0 03-

HAYaeT, YTO NPU PEIICHUU 3a7add IEepPBOHAYATIHHOTO
ompenenenus opoutsl KO Ha uHTepBasiaxX, OJU3KHX K
necatd BuTKaM mojera KO, MakcuMmanbHas MOrper-
HOCTb, BHOCHMas IIpH 3aMeHe B (5) I Ha 1, He mpeBbI-
IIaeT BEIWYHMHBI TEPHOANYCCKUX BO3MYIICHUH OpOU-
TaJbHBIX MAPAMETPOB OT BIHSIHHS BTOPOH 30HAIBHOMN
TAPMOHHUKH PA3JIOKEHHS MMOTCHIMAJIA TATOTCHHUS 3EMIIH,
ITOSTOMY TaKas 3aMeHa SBJISICTCS TOMYCTUMOU.

BrIBOAbI

Taxum 00pa3oM, IPeIOKEHO MpaBUio, obecrie-
YMBAIOIIEE KOPPEKTHOE UCIONBb30BAHUE MHOTO3TAITHOTO
MeTOJa MNEPBOHAYAIBHOTO OIpPEAEICHUs] IapaMeTpoB
opoutsl KO 1o 1aHHBIM HECKOJIBKUX CEaHCOB HM3Mepe-
HUM KOOpPAMHAT MOJIOKEHUS U paJUalbHON CKOPOCTH B
YCIIOBHSX, KOTJIa Ha Ka)XIOM ceaHce M30BITOYHAsl BBI-
OopKa pe3y/NbTaTOB U3MEPEHUH PeAYLPOBaHA 10 HEKO-
Topoii oneHku napamerpoB aBwxeHus KO. Taxxke mo-
Ka3aHO, YTO IOTPEUIHOCTH METOAA, BHOCHUMBIE IPH
MIPUHATHIX YIPOIICHUAX, HE MPEBBIIAIOT BEIMYUHY IIe-
PHOAMYECKHX BO3MYILIEHHH IapaMeTpoB, 0O0YCIOBJIEH-
HBIX BJIMSHUEM HELEHTPAIbHOCTH IO TATOTEHUs 3eM-
JIM, 9TO BIOJIHE JIOMYCTHMO IIPU ONPEACIEHUN OpPOHUTHI
KO Ha HayanbHOM 3Tare ConpoBOXKICHHUS.
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APPLICATION OF MULTISTAGE METHOD
OF A SPACE OBJECT INITIAL ORBIT DETERMINATION
IN THE TRAJECTORY MEASURING SYSTEM

A.A. Tkachenko, V.F. Shevchuk

A rule, providing the correct use of a multistage method of primary determination of parameters of orbit of space object
from data of a few sessions of measuring of co-ordinates of position and radial speed in the conditions when on every session the
surplus selection of results of measuring reduce to the estimation of parameters of motion of space object, is offered. It is shown
that the errors of method, brought in at the accepted simplifications, do not exceed the size of periodic indignations of parame-
ters, conditioned influencing of eccentric the field of gravitation Earth, that fully possibly at determination of orbit to space ob-
Ject on the initial stage of accompaniment.

Keywords: space object, plane of orbit, primary determination of parameters of orbit.

3ACTOCYBAHHS BATATOETAIIHOI'O METOY
HEPBUHHOI'O BUBHAYEHHS TIAPAMETPIB OPBITH
KOCMIYHOI'O OB'€EKTY B CUCTEMI TPAEKTOPHUX BUMIPIOBAHb

A.O. Tkauenko, B.®. [lleBuyk

3anpononosarno npasuno, wjo sabesneuye KopeKmue SUKOPUCIAHHA 0A2AMOEMAanHo20 Memooy NepeUHHO20 SUSHAYEHHS
napamempie opoimu KOCMi4HO20 00'€kmy 3a OaHUMU OEKiNTbKOX Ceancisé GUMIpIO8anb KOOPOUHAM NONOJNCEHHS | padianbHol
WIBUOKOCMI 8 YMOBAX, KOU HA KONCHOMY CeaHci HAOMIpHa 8UDIpKa pe3yibmamis UMIploganb pedyKyemocs 00 OYiHKU napame-
mpig pyxy Kocmiunoz2o 06'ckmy. Tlokazano, wo noepiutHocmi Memooy, wo 6HOCAMbCSA NPU NPUIHATNUX CHPOWEHHSAX, He Nepesu-
WYoms 6enuduny nepiooudHux 00ypensb napamempis, 00yMoBIeHUX BNIUBOM HEYEHMPANbHOCMI RO MAXNCIHHA 3emul, wjo yin-
KOM OORYCIUMO NPU 6USHAYEHHT OPOIMU KOCMIUHO20 00'€KmMY HA NOYAMKOBOMY emani Cynposooy.

Knrwouogi cnosa: kocmiunuii 06'exm, nnouwjuna opoimu, nepeunne eU3HaA4eHHA napamempie opoimu.
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