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Beenerve n ncrtopus

» Jlazepnas nokauus Jlyner Apollo 11+ Luna 17+
> [epsble naen JlynHoro PCAB (Burns 1985,1988)
» Opbutanstoe PCAB VSOP (1997-2003), Spectr-R (2011-)
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BasuposaHune Ha JlyHe nnm 8 Kocmoce

> TpyaHOCTW C JOCTaBKOl N YCTaHOBKOIA
» CrabunbHocTb opbuTthl JIyHbl, HET CBETOBOrO AaBeHUs

» BosmoxHoCTb OCYyLLECTBNIEHNA 6bICTpOI7I CMEHDbI
PagnoncTo4HHNKOB
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[ ne pacnonaraTb 9

» Bugumas ctopoHa JlyHsi:

» [Npsimas nepegada AaHHbIX
» Bo3MOXHOCTbL NpsIMOiN Nepefaqn AaHHbIX
» Bonbwasa gnnna 6aswl

» Konokauwns c nasepHoim oTpaxaetenem n FHCC nprnemHukom

» B6ausn OKBATOpPa AN MAaKCUMaJZIbHOIrO OXBaTa
PaanoOnCTOHHNKOB
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[ ne pacnonaraTb

Zrrotation

Puc.: Five existing lunar retroreflector panels and the proposed VLBI
station. The XY plane and the Z axis are close to lunar equator and
rotation axis, respectively. The X axis is directed approximately towards

the Earth.
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[NuHamuyeckas Mogens u apemepubl

» Jdemepuasl EPM

» Mogenb BpalweHNsi BKIOYAET MPUINBHYIO 1 BPaLLATEbHYIO
anccunaumio, cchepmyeckoe XuAkoe Apo, okaTme saapa,
BANSIHNE 3EMHbIX MPUJINBOB.

» Jlynnas CK onpegeneHa rnaBHbIMU OCSIMUW MHepLUA, Yribl
Diinepa onpefensitoT NOBOPOT B MHEPLUAbHYIO CUCTEMY

Rpac(t) = Ro(6(1)) Re (0(1)) R (4 (1))
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YucneHHoe momennpoBaHue

P4

» JIPT pobasnen k HasemHoli PCAB cetn CONT17

» “Legacy-1" nogcets n3 14 craHuwii in Europe, Russia, South
Africa, Australia, New Zealand, Brazil, Japan, and Hawaii.

» Bcero 6b1no cmopenuposHo 24 095 3anepxek Ha base
3emns—SlyHa n obpabortaHo coemecto ¢ 105808 HacTosLwmMy
3agepKkaMun Ha 3eMHbIx basax

» Wcnonb3osanuce naketsl ERA-8 n QUASAR.
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VT0o4HeHne napameTpoB JIyHbl

P4

1. Dynamical parameters: initial Euler angles of lunar physical
libration and their rates; initial GCRS position and velocity of
the Moon; initial core angular velocity; undistorted Js, Cso,
S39, S33 of the Moon; ratios between undistorted main
moments of inertia of the Moon; lunar core flattening and
friction coefficient; two Earth tidal delays; GM of the
Earth—Moon system.

2. Reduction parameters: positions and velocities of LLR stations;
selenocentric (PA) positions of the lunar retroreflectors; Love
number hs of the Moon; 28 specific biases for different time
intervals. The selenocentric lunar radio telescope position was
determined as well in the solution with 15 days of simulated
VLBI observations.
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Puc.: Estimation (maximum and RMS) of the uncertainty of the orbital
position of the Moon for five years, assuming no observations since 2018,
using only LLR data or LLR data with simulated VLBI data

25 pekabps 2019 - Cankt-lleTepbypr



VT0o4HeHne napameTpoB JIyHbl )
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Puc.: Estimation (maximum and RMS) of the uncertainty of the lunar
physical libration (measured in maximum discrepancy across the lunar
surface) for five years, assuming no observations since 2018, using only

Il R data or I | R data and simulated VI Rl data
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[lapameTpbl Bpawerus JlyHbi 8
PdRA
0'2 L R N R L
o(AX) =
o(AZ)
0.15 r i
gO.l - i
0.05 - i
0 b

28.11  02.12 06.12 10.12

Puc.: Formal errors (1) of determined lunar orientation parameters (X
and Z rotations) in "CONT17 Legacy-2 with lunar radio telescope”
scenario

25 pekabps 2019 - Cankt-lleTepbypr



VT1o4yHeHune HebecHoii Cuctembl kKoopanHaT
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Puc.: Formal errors (1) of determined right ascensions of observed radio

sources from CONT “Legacy-1" observations, with and without
Earth—-Moon VLBI
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VT1o4yHeHune HebecHoii Cuctembl kKoopanHaT

z Earth only =
e A Earth + Moon o

A

2 10 ‘

€

S 2o m,

5 1|

©

E L

5

501 °

B

=

O

8001 L
10 100

1000

10000

Number of observations per source

Puc.: Formal errors (10) of determined declinations of observed radio
sources from CONT “Legacy-1" observations, with and without

Earth—-Moon VLBI
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KoadpdpuumeHt yrounerns HCK
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Puc.: Improvement factor (Earth and Earth-Moon VLBI vs just Earth

VLBI) of radio source declination formal error normalized by square root
of relative number of observations (as a function of ecliptic latitude).
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Tecter OTO

P4

Tabnuua: Delay generated by gravity of a body (Atg) and by its
translational motion (Aty)

Body Baseline, km Angle Atg Aty
Sun 6000 grazing ray 169.24 ns 0.0082 ps
Sun 6000 1 deg 45.33 ns
Sun 6000 30 deg 1.47 ns
Sun 6000 90 deg 0.40 ns
Sun 6000 175 deg 17.25 ps
Sun 380000 grazing ray 8588.24 ns 0.4166 ps
Sun 380000 1deg 3098.72 ns
Sun 380000 30 deg 93.59 ns
Sun 380000 90 deg 25.02 ns

Sun 380000 175 deg 1.11 ns
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Tounoctb opbut JIHCC

P4

Tabnuua: Range accuracy of orbit determination example based on ISL
and two-way range measurements to the reference points with different
uncertainties

Reference points by: LLR only LLR and VLBI
RMS (3.5 h measurements) 7.9 cm 2.7 cm
95% CI (3.5 h measurements)  12.9 cm 4.8 cm
Max. (3.5 h measurements) 16.2 cm 8.0 cm
RMS (12 h propagation) 14.8 cm 7.8 cm
95% Cl (12 h propagation) 26.5 cm 14.5 cm
Max. (12 h propagation) 43.3 cm 244 cm
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3akaro4yeHme

PdINA

» MogennpoBaHue caenaHo B NMPEANONOXEHNN YTO KBa3apbl
MMEIOT JOCTAaTOYHO KOMMAKTHbIE CTPYKTYPbl, YTODbLI NONy4YUTh
3a4EPXKKY.

> [eBsATb AHel UHTEHCUBHBIX HabntogeHnii Ha b6ase 3emns—SlyHa
MOTYT YAYHLWUTb TOYHOCTb JIyHHO—3€eMHOI cucTemsl
KoopauHaT B 3—-6 pa3 u TouHocTb JlynHoin CK B 4-10 pas.
TouHoCTb 3dheMepus, MOXKET YYHLINTCS OT YPOBHSI METPOB A0
JeunMETPOB Ha 5-n neTHeM mMHTepBane.

» TounocTtb onpepenerusi NBJ1 gocturaer 0.3 mc gyrn (2.5Mm
Ha noBepxHOCTK JlyHbl)

» TouHocTb peanusaumn HCK moxeT bbITb ynydueHa bonee yem
B 10 pa3z gns bonee nonosuHel PU, oTcTosAWMX OT SKAUNTUKN.

> Vnyduwennas JIHCK moxeT patb ABYKpaTHOE MOBbILIEHUNE
TouHOCTU opbuT cnyTHukos byaywei JIHCC.
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