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TonbKO ANA nepesoaa. 3a4a4m nNpaKTUYeCcKoro Typa

HanomuHaHue. 3a0a4u NpakmMu4yecko20 mypa cocmassneHbl maxkum obpa3om, 4mo npu
HanucaHuu peweHull om y4acmHuka He mpebyemcsa ucrnosb308aHUE HﬂHOEO—ﬂUﬁ 3biKa. He
dornycKkaemcs ucnosb308aHUe MeKkcmos (HU Ha pOOHOM A3bIKe, HU HaG 0OHOM U3 oqbu a/1bHbIX
A3bIKos IAO) 8 peweHusx 3a0au.

N\
1(ay). Kamoanesa. Kamoanesa (2016 HOz) — okonozemHbi actepouna. OH ABNAETCASOAHMUM U3
OCHOBHbIX OOBEKTOB WUCCNeA0BaHUM KUTAMCKOW Nporpammbl ‘uaWeHﬁﬁ/amepomgos
«TAHBLB3IHbL-2». AcTpouny ye Habnwganca Ha 2 16-METDOBOM Tenecuone B o6cepBaTopum

CuHAYH HauumoHanbHOM acTpoHoMUYecKoi obcepsatopum Kutas.

%
[Mockonbky 2016 HO3 06BbEeKT AOBONBHO TYCKAbIN, ANA nonyquuﬂ efo n30bparkeHna HYXXHO

COBMECTUTb CHUMKOB C KOPOTKOW Bbl4EPKKOMN. Ha | pMc 11.17 npep,CTaBHEHo CymMmmapHoe

n3obpaxkeHue, cosgaHHoe Hanoxewuem 30 .-CHMM{«:OB ™ 30- -CEeKYHAHOW 3KCno3uumen
Ka)XAblW, NONy4eHHbIX Ha 2,16-meTpoBom Teneckonexdry 30 nsobpaxkeHnn bblsin CHATLI

2023-03-25 ¢ 16:35:09.00 go 16:53:52.00. 2016 NOs 068eaeH Kpykkom, a 16 38&3n
NPOHYMEPOBAHbI. 4

International Celestial Reference System)

KoopauHatel 3TUX 3BE€34 B CUCTEME
npusegeHsl B Tabanuye 11.a.:
Ctonbey 1: Homep 3Be34bl. \\
Crtonbeu 2: npamoe BSC)&?@H\I:E@CHCTEMQ ICRS.
Cronbey, 3: CHHOHEHHECB cucteme ICRS.

M3BECTHO, 4YTO KakK ﬂ{aoaaocxom,ﬂ,ewe TaK U CKnoHeHme 2016 HO3 B TeyeHue

HabAo4eHU ymeHblil avice,

© OTHOLUeHUe CUrHan/Wym ANns KaXaoro actepouvaa Ha OTAENbHbIX

aB49 SNRo=1, BbluuMcauTe 3HavyeHne curHan/wym SNRn npwm
306parKeHun.

11.1. lNpegnonaras,

n3obpaxkeH

X
cymmmposa%‘ N

11.2. Onpe,ﬂ,e T€, KaKaa TOYKa TpeKa 3Be3n ABAAeTCA HavyabHOU NPU CbEMKE: NeBaa unu

PaBIA K nuwure L (nesan) unu R (npasas).

abny 11.b. npuBegeHbl nNUKcenbHble KoopAuHaTtbl 2016 HOs # nNuUKcenbHble
KODPAUHATLI CepeanHbI TPEKOB 13 3B€3A4;

CTonﬁeu 1: ngeHTUPUMKaATOP U HOMeEp 3Be34pbl.

Ctonbel, 2: KOOpAMHaTa X B MUKCENAX.

Ctonbey, 3: KoopanHaTa y B MUKCENAX.

11.3. Tak»ke ¢ nomowpbio Tabauuybl 11.a. paccuntante koopauHaTtbl 2016 HO3 B cucteme ICRS Ha
MOMEHT cepeauHbl CbEMOK.
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MpumevaHue: npu npeobpasoBaHum HebeCHbIX KOOPAUHAT B MUKCENbHble MOXET bbiTb

MCNO/Ib30BaHa JIMHEUHan dlMPOKCHMMALNA.
X=a; +a;x + azy
6 — bl + b?_x + b3y,

roe o u & — NpAMOe BOCXOXAEeHWEe U CKNOHEHUE COOTBETCTBEHHO, @ X U Y — NUKCeNbHbIe
KOOPAUHATbI.

11.4. NpoucxoxkpeHmne 2016 HO3 MOXHO onpeaesiuTb N0 HOPMUPOBAHHOMY KO3bDUUMEHTY
OTpa)XeHuA BellecTsa ero nosepxHoctu. B tabaunue 11.c. npusBeaeHbl AaHHbIE U3MEPEHUS

HOPMUPOBAHHOIo KoadpuuueHTa oTpaxeHma 2016 HOs3:
Ctonbeu 1: AnuHa BOMHbLI (MKM).
Cronbeuy, 2: HOPpMUPOBAHHbIN KOIPPUUUNEHT OTPAXKEHUA (6e3paamepHa nw-m a).
Ctonbey 3: norpewHocTs HOPMUPOBAHHOTIO Hosd)dmuuel-rr pamer—mn

(6e3pazmepHas) *\
HaHecuTte gaHHble 3TUX U3mepeHun Ha rpaduk 11.2. Ha rpadmxe 11. 2 Tan € MOKa3aHbl

OdHHbIE H3ME’DEHHH Tpex BUOOB MaTeEpUaNOB. TPYHTA J'IYHHOI'E) BblCOKOFOpbﬂ NOZIYY4EHHOTIO

muccuen «AnonsioHa», cmecu meteoputos [nbeor/BakarMyapTa: u q_crepomg,a AB30HUMN.

TN

11.5. Onpepenute Haunbonee BO3IMOXKHOE npomcxamp,ewe 2016 HO3, oTtBeT panTe Ha
aHrAMnuckom Asblke: “JlyHa” (the Moon), METEGDHT (metéorite) wau “Actepouna”

(asteroid). \\ \ g,

2(aBy).Mecta gnsa obcepsatopuu. OCHOBbLIBAACH Ha mroqhexayx NoKa3aTeNAX KONUYeCcTBa ACHbIX
HOo4Yen, APKOCTU HOYHOTO Heba, Bmp,nmocm BxaTMDCd)Epe n KoappuuymneHTe atmochepHou
SKCTUHKUMUU, KUTAUCKUE aCTPOHOMbI nposeny MOHUTOPUHT U Bbibpann yeTbipe
BbICOKOropHbiX obbekta B Anu, Tube ,El;aoqaﬁ, CbivyaHb; My3Ttarr, CuHbU3AH U JleHxy,

LinHxan.

wﬁx )
I. BTtabaunue 12.1 npeacra BHEHblﬂaH bl€ MOHUTOPUHIa OAHOro U3 MecT, rae
M — 3BE3HaA BE/IUYNHA: MB GTat ,u,a pTHoro 3BE34HOr0 KaTtanoray,
— U3MepeHHas aaeap,‘l-laﬂ‘sennqua

X — OTHOCHTEHbH{tBE{,ﬂ,VUJHaH macca.

q\nnu,bl 12.1., HapucyuTe rpaduK Ha MunaumeTposon bymare.

12.1. Ncnonb3ys ,ﬂ,aHHbIEIH

To\fi'/lgy «Hyna npubopa» (ZP).

CoOoTBETCTB
M—-—m=27ZP—-Ky

1. ﬂ,;m wa{ PUHra ucnosbdyertca 50-cm Teneckon c aneptypon f/16, a dnsnyeckum pasmep
ekTopa — 20 mKm x 20 MKM.

12.2. PaccuuTtaure %idib UYEHT aTMoOCPepHOM 3SKCTUHKUMM K B I3TOM MeCTe, a TaKKe

y nmceq sa-
12.3. Bbli?mcn Te, KaKOW yron Ha Hebe COOTBETCTBYET OAHOMY NUKcento aetekropa ("/nukcens).
12.4. PacciutanTe APKOCTb HOYHOro Heba M, ., (3B.Be/. Ha KB.yra.cek) no popmyne:

Mgy, = ZP + 25.0 — 2.5 log, o (—-2c0unts

scale? toxp

rae BPeMA 3KCNo3nuUmn Leyp — 5 CekyHA, a cpeaHee 3HauyeHue cuéta GoToHOB SKY ounts:
npuxogsuleeca Ha o4AMH NUKcenb, pasHo 227,85.

lIl. Mo AaHHBIM MOHUTOPUHIA aTMOChEpPHLIX ABAEHWI (M3MepeHua B yrA. CceKyHAaX),
npeAacTaBAeHHbIM B Tabnuuye 12.2.:

12.5. Ha muaaMMeETpoBOM Bymare nNocTpoiTe ructorpammy BUAMMOCTU (c uHTepsanom 0,2"),
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12.6.
3(By).

13.1.

13.2.

13.3.

U BbIYUC/IUTE MeAUaHHOEe 3HaYeHUue BUAMMOCTU (B YIrNOBbIX CEKYHAAX).

MeTeop. MeTeopbl —3TO aTMOChHEpPHbIE ABNEHUA
O4YeHb KOPOTKOro BpemeHHoro macwraba. Koraa
NBe Kamepbl YCTaHOBAEHbl B pPa3HbIX MecTax,
MOXHO MOAYYUTb TPEXMEPHYIO TPAEKTOPUIO U
opbuty meteopouga. Bo Bpema meTeopHOro
notoka lemuHng B 2021 roay ABe mMeTeOpHble
ctaHuuMn (obo3HaueHHble Kak HH wu  YQ)
yyacTBOBaAn B HabnwaeHUM 3a METeOpPHbIM
notokom. CraHuma Y(Q  ycTaHoB/ieHa B
YHusepcutete KUTaMCKOM akagemum HayK, Kamnyc AHbuuxy. B p.all-:HQIgE\ HabnodeHni,
npeacTaBneHHbIX B Tabauue 13.3, TOYHOCTb MO BPEMEHU CYUTAETCA .AQCTETGHHEJQ:]COHDFI,
HO NOrpeLHOCTb MO KOOPAUHAaTaM COCTaBASAET OKO/10 1 yrnosom MﬁHpr

YT06bI OBNEerYnTh pacy€Tbl, Mbl UCNOJIb3YEM Hoop,n,MHauMOHHym CMCTEMY;HOO[),EI,MHBT ECEF
(Earth-Centered, Earth-Fixed). Hauvano cucrembi Haxo,lg,mca “B, u,empe 3emnun. Ocb X
HanpasBNneHa Ha TOUYKY nepecevYeHus HyaeBsoro MEpHﬂ,HaHa\M aHBa'mpa Ocb Z HanpaBneHa

Ha CeBepHbii nontoc. PacnonoxeHue ctaHumn B cucteme ECEF I'IOKEBE]HO B Tabnuue 13.2.

B tabauue 13.1. npeacrasneHbl usobpaxeHus, m3kuecm BUAEOCHEMOK. He BCe 06beKTb

™ \
Ha 3TUX U306paXKEHUAX — METeopbI. Onpe,u,enu're 410 370 33 06beKTbl M 0603HauUbTE WX

(NpsMO Ha NUCTKe ¢ n3obpaxkeHnamm) COOTBeTCTBy%L/L;MMM bykBamu: M — meTeopsbl, A —
camoneTbl, S — cnyTHUKK, B — nTuubl. '

o

B tabaunue 13.3. npeacrasaeHbl %EIHH{ a\fIH),EI,EHMM OAHOIO0 U TOro e merteopouaa,

NOJIY4EHHbIX HaA ABYyX METeoprlx cTaHumax. KoopauHaTtbl npeacrasnalot cobon

eanHu4dHble Bektopbl B8 ECEF, ylga\?iElBa}o e HanpasneHue Ha meteopoua. Boblyuucnurte
NoJIOXXeHne meTeopa BoTpe{cfsAepHo@ NPOCTPAHCTBE B KaXAblKM yKa3aHHbIA MOMEHT
BpemeHun. Mcnonbsysn HMHEM]-IWOQ AFOHKY, OUEeHUTEe Be/IMYMHY U HanpaBneHue (B Bnae

2 N\ \
e AMHNYHOro BeKTopa) Beﬁ;ropa c\)opocm mMmeTeopounaa.

KoopAauHaThl pa,quaHI\ METG\_,FJHOI'O notoka NremuHngbl: R.A. =12°, Dec =+33°. CkopocTb
meTeoponaos COCTaﬁﬂfer ""'35 Km/c. MpUHaanexunT 1M sToT MeTeop MeTeOpHOMY MOTOKY

femuHuabl? [layre 0\3‘5 no-aHrnnncku: «Yes» nam «No».
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For translation only. Practical round. Problems to solve

Reminding. Problems of the Practical round compiled in such a way that when writing solutions, use of any
language is not required from the participant. So texts are not allowed in solutions of the problems (neither in
the native language, nor in one of the official languages of the IAO).

11({ay).

11.1.

11.2.

11.3.

11.4.

Kamo'oalewa. Kamo'oalewa (2016 HO3) is a near-Earth asteroid. It is the primary target of China's asteroid
exploration program "Tianwen-2”, and has already been monitored by the 2.16-meter telescope at the
Xinglong Observatory of the National Astronomical Observatory of China for pre-argument.

Since 2016 HO3 is faint, its image needs to stack multiple short exposure images. Figure 11.1. presents one
stacked image created using 30 images, each of which has 30-second exposure by the 2.16-meter

telescope. These 30 images were shot on 2023-03-25 from 16:35:09.00 to 16:53:52.00. The 2016 HOs is
circled in Figure 11.1. and 16 stars are numbered.

The International Celestial Reference System (ICRS) coordinates of these stars are given in Table 11.a.,
from which you find:

Column 1: star number.

Column 2: right ascension in ICRS.

Column 3: declination in ICRS.

It is known that both the right ascension and declination of 2016 HO3 decrease during the shoot.

Assuming a signal-to-noise ratio for each asteroid in the individual images is SNRo = 1, calculate the signal-
to-noise ratio SNRn when combining N images under ideal conditions.

Determine whether the left end or right end of the streak is the starting point of the shoot, write L (left
end) or R (right end).

Table 11.b. gives the pixel coordinates of 2016 HO3 and the pixel coordinates of the median of streak for
13 stars, from which you find:

Column 1: ID and star number.

Column 2: x in pixel coordinate.

Column 3: y in pixel coordinate.

Along with Table 11.a., please calculate the ICRS coordinate of 2016 HO3 at the midpoint of the shooting
duration.
Note: linear approximation can be used when converting between celestial coordinates and pixel

coordinates:

a=a,+ax+azy

& = by + byx + b3y
where o and & are the right ascension and declination, respectively, and x and y are the corresponding
pixel coordinates.

The Origin of 2016 HO3 can be analyzed from the normalized reflectance of its surface materials. Table
11.c. provides the observational data of the normalized reflectance of 2016 HO3s, from which you find:
Column 1: wavelength (um).
Column 2: normalized reflectance (unitless)
Column 3: error of normalized reflectance (unitless)
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11.5.

Draw these data in Figure 11.2. Figure 11.2. also shows the observational data of three kinds of materials:
Apollo highland soil (lunar sample), Gibeon/Vaca Muerta Mix (meteorite mixture), and Ausonia (asteroid).

n

Determine the most possible origin of 2016 HO3, with answer In English: “Moon” (the Moon)”, “Meteorite”
(meteorite) or “Asteroid” (asteroid).

2(apy).Sites for observatory. Based on the key indicators of the number of clear nights, night sky brightness,

12.1.
12.2.

12.3.
12.4.

1.
12.5.
12.6.

13(By).

13.1.

13.2.

13.3.

atmospheric seeing and the atmospheric extinction coefficient, Chinese astronomers monitored and
selected four high-altitude sites in Ali, Tibet; Daocheng, Sichuan; Muztagg, Xinjiang and Lenghu, Qinghai.

Table 12.1. presents the monitoring data of one site, where
M is the magnitude from standard star catalog,
m is the instrument magnitude,
X isthe relative airmass.

Draw a graph using data from Table 1 on the coordinate paper.

Calculate the atmospheric extinction coefficient K at the site, and the corresponding instrument zero point
(ZP).

M-m=ZP — Ky
50-cm telescope with an aperture of f/16 is used for monitoring, and the physical pixel size of the detector
IS 20 um x 20 pum.
Calculate scale value of the sky angle corresponding to the single pixel (in "/pixel).
Calculate the night sky brightness M,,., (mag in arcsec?) of the site by the following equation:

M, = ZP + 25.0 — 2.5 logy o (—-2eounts y

scale? toxp

where the exposure time t,,,, of the monitoring image is 5 seconds, and the median value of photon count
Sky . ounts corresponding to single pixel in the image is 227.85.

According to atmospheric seeing monitoring data (") presented in Table 12.2.,
make a histogram of the atmospheric seeing of the site (with an interval of 0.2"”) on the coordinate paper,
and give the median atmospheric seeing of the site (in units of arcsecond).

Meteor. Meteors are atmospheric phenomena with very short time scale. When two cameras installed at
different locations, the 3-D trajectory and orbit of the meteoroid
can be obtained. During the Geminids meteor shower in 2021,
two meteor stations (coded as HH and YQ) participated the
observation of the meteor shower. YQ station is installed at the
Yanqgihu campus of UCAS (University of Chinese Academy of
Sciences). In the observations shown in Table 13.3, timestamps
are considered to be sufficiently accurate, but the coordinates

have uncertainties of ~1 arcminute.

To help calculations, we here use the ECEF (Earth-Centered, Earth-Fixed) coordination system. The origin
of the system is at the center of the Earth. The X axis point toward the intersection of the prime meridian
and the equator. The Z axis points toward the North Pole. The locations of the stations in ECEF system are
shown in Table 13.2,

Table 13.1. includes stacked images of six video clips. The objects in these clips are not all meteors. Identify
the nature of these objects and label them (directly on the image sheet) with corresponding letters: M —
meteors, A — aircrafts, S — satellites, B — birds.

Table 13.3. lists a pair of meteor data that from the same meteoroid. The coordinates are unit vectors in
ECEF indicating the direction to the meteoroid. Calculate 3-D positions of the meteor at each timestamp.
Using linear fitting, estimate the magnitude and direction (as unit vector) of the velocity vector of the
meteoroid.

The radiant of the Geminids meteor shower is at R.A.=112°, Dec=+33°. The velocity of meteoroids is
~35 km/s. Does this meteor come from the Geminids meteor stream? Give answer in English: «Yes» or

«No».

: Meteor
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