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Distance between galaxies. In the cluster of galaxics i the constellation of Virgo the density of galaxics is 30 per
cubic megaparsce. Estimate the average distance between the galaxies in this clustet.

Comet. During an observation of a solar cclipse the obscrvers discovered a comet bodics in the constellation of Arics
near the solar corona. Further rescarch have shown that at the detection time the comet was in the aphelion of its orbit
(distance from the Sun A = 8.85 a.u.). and in perihelion the distance from the Sun is cqual to P = 1.63 a.u. Will the
comet be visible to any obscrver on the Earth during its nearest transit of perihelion? In what constellation will it be?
The answer has to be explained by necessary formulac and numerical calculations. (Note: the answer «Jla-Yes» or
«Her-No» has to be written in English or Russian.)

Occultation. Venus makes a central occultation of a star at the time of maximum clongation. Please find the duration
of the occultation. The orbits of Venus and Earth may be considered as circular oncs.

Moon. Yesterday during the observation round you saw the moon. Sometimes there were no clouds. Imagine that at
the same time the moon was observed by school children on mountain Koshka (which means “cat™ in Russian)
(branch of the Crimean Astrophysical Observatory). The objective diameter of the telescope-refractor used is
D =38 cm and its focal length is F = 304.8 cm. There was a photographic plate in the focal planc of the objcctive.
Draw in actual size the image (with the main details), which appeared on the photographic plate after it had been
developed. The direction “top™ in your picture should coincide with the direction “top™ on the photographic plate. All
calculations necessary for the correct solution should be shown.

Cats in space. Exactly 47 years ago. on October 4, 1957, the first artificial satellite of the Earth, "Sputnik I", was
launched. Soon after animals went to space. At first there were Russian dogs, then American monkeys... And the
French government planned to send cats into space, and not simply one or two cats, but a whole crew of 3 cats! You
can sce the squad of French cat astronauts (five members of the main crew and onc doubler (reserved astronaut)) on
the photo. In one of the experiments the cats were illuminated by a strong floodlight located on the Eiffel tower and
the data were analyzed. The experiments with the doubler located 10 km from Eiffel tower, have shown, that each of
its eves when hit by this floodlight sparkles as a star of 7™ (while observed from Eiffel tower).

Calculate approximately the visible stellar magnitude of the total constellation of the eyes of the crew, if the
satellite flies above Paris at an altitude of 250 km.

Estimate roughly from what maximum distance the members of the main crew could determine that the light of the
cves of the cat-doubler is not simply a single star but a binary star?

Consider all the crew members and doubler to be identical to cach another. The height of the Eiffel tower is
h =300 m.

Eclipse. For the reconstruction of historical events, dates and places of the past solar cclipses are often calculated.
However, the rotation of the Earth continually slows down and solar cclipses take place not there, where they should
be in agreement with calculations on a model with constant rotation of the Earth with the present angular rate. In
what century did such an eclipse take place in Paris (A = 0°, ¢ = 45°) instcad of Crimeca (A = 34°, ¢ =45°)? The
length of a day increases by 0.0016 seconds per 100 vears due to that rotation of the Earth slows down.

Data from the “Table of planetary data” may be used for the solving of every problem.
And the White Bear and Penguin are waiting for you on the practical round.
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Distance between galaxies. There arc about 100 galaxics in the cluster of galaxics in the constellation of Virgo. The
region in our sky covered by this cluster is about 6x6°. The distance to the cluster 1s equal to 15 Mpe. Estimate the
average distance between the galaxies in this cluster.

Cometary bodies. During an observation of a solar eclipse the observers discovered two cometary bodies in the
constellation of Aries near the solar corona at an angular distance of a = 9" from cach other. Further rescarches have
shown that these two bodies are moving along exactly the same path, at the detection time they were in the aphelion
of their orbit (distance from the Sun A =8.85a.u.), and in perihelion the distance from the Sun is equal to
P=1.63au.

Will these bodics be visible to any observer on the Earth during their necarest transit of perihelion? In what
constellation will they be? The answer has to be explained by necessary formulae and numerical calculations. (Note:
answer «Jla-Yes» or «Her-No» has to be written in English or Russian.)

What will thus be (or would thus be) the angular distance B between them as seen from the Earth?

Moon. Yesterday during the observation round you saw the moon. Sometimes there were no clouds. Imagine that at
the same time the moon was observed by school children on mountain Koshka (which means “cat” in Russian)
(branch of the Crimean Astrophysical Observatory). The objective diameter of the telescope-refractor used is
D = 8 cm and its focal length 1s F =304.8 cm. There was a photographic plate in the focal plane of the objective.
Draw in actual size the image (with the main details), which appearcd on the photographic plate after it had been
developed. The direction “top™ in your picture should coincide with the direction “top™ on the photographic plate. All
calculations necessary for the correct solution should be shown.

Cats in space. Exactly 47 years ago. on October 4, 1937, the first artificial satellite of the Earth, "Sputnik 1", was
launched. Soon after animals went to space. At first there were Russian dogs, then American monkeys... And the
French government planned to send cats into space, and not simply one or two cats, but a whole crew of 5 cats! You
can sec the squad of French cat astronauts (five members of the main crew and onc doubler (reserved astronaut)) on
the photo. In one of the experiments the cats were illuminated by a strong floodlight located on the Eiffel tower and
the data were analvzed. The experiments with the doubler located 10 km from Eiffel tower, have shown, that each of
its eves when hit by this floodlight sparkles as a star of 7™ (while observed from Eiffel tower).

Calculatc approximately the visible stellar magnitude of the total constellation of the eves of the crew, if the
satellite flies above Paris at an altitude of 250 km.

Estimate roughly from what maximum distance the members of the main crew could determine that the light of the
eves of the cat-doubler is not simply a single star but a binary star?

Consider all the crew members and doubler to be identical to each another. The height of the Eiffel tower is
h =300 m.

Eclipse. For the reconstruction of historical events, dates and places of the past solar eclipses arc often calculated.
However, the rotation of the Earth continually slows down and solar eclipses take place not there, where they should
be in agreement with calculations on a model with constant rotation of the Earth with the present angular rate. In
what century did such an eclipse take place in Paris (A =0°, ¢ = 45°) instead of Crimea (A =34°, ¢ = 45°)? The
length of a day increases by 0.0016 seconds per 100 vears duc to that rotation of the Earth slows down.

Data from the “Table of planetary data™ may be used for the solving of every problem.
And the White Bear and Penguin are waiting for you in the practical round.

Kpbiv. Cumvens 2004 Simeiz, Crimea
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Distance between galaxies. The volume for 1 galaxy in the cluster is 1/30 of a cubic megaparsec. The reference linear size of
this volume of space is (1/30)"” = 0,322 megaparsecs. It is also the average distance between galaxies. However, the precision
up to three and even up to two significant figures here is inappropriate. The correct answers: "about 0,3 megaparsecs" or
"about 1/3 megaparsecs".

Distance between galaxies. Note at first. that the precision up to three and even up to two significant figures here is
inappropriate, therefore the calculations will be yielded to within two significant figures, and in the answer one figure is
pertinent only. The linear size of the cluster is approximately equal to 1.5 Mpc (6° is about 1/10 radian. Accordingly the
linear size is approximately 10 times less than the distance to the cluster). Thus, the volume for these 100 galaxies is equal to
1.5 ~ 3.4 cubic megaparsecs. So the volume for 1 galaxy in the cluster is equal to 0.034 cubic megaparsecs. The reference
linear size of this volume of space is (0.034)'” = 0.32 megaparsecs. It is also the average distance between galaxies. Since
only one significant digit is appropriate, the correct answers are: "about 0,3 megaparsecs” or "about 1/3 megaparsecs”.

Comet. See solution for B2.

Cometary bodies. The major semi-axis of the orbit of the cometary bodies is a = (A+P)/2 = 5.24 a.u. It means, according to

Kepler's Third Law, that they make a full revolution around the Sun during T = To(a/ag)** = 12 years. Thus, they will be in
perihelion t = T/2 = Ty(a/a)** / 2 = 6 years later. Therefore, the Earth at this moment will be at the same point, as during the
discovery, and the bodies — at a point opposite in ecliptic longitude. As during the discovery the bodies were in cojunction
with the Sun (or very close to this position), in the perihelion they will be in opposition and so they can be observed. Answer:
Ja-Yes. They will be in constellation opposite to Aries, that is in Libra.

Cometary bodies. That the bodies are moving along the same path means, that one of them exactly repeats the positions of
the other through some constant period of time. Accordingly, the distance L between them is proportional to their speed.
According to Kepler's Second Law for the positions of aphelion and perihelion V4-A = Vp-P. Accordingly
L__\’A = LpP
The angular distances as seen from the Earth:
o = L4/ (A+1) (conjunction),
3 =Lp / (P-1) (opposition).
Thus:
B=Lp/(P-1)=L,y - (AP)/(P-1) = (A/P) - (A+])/ (P-1)=85a=12".7.

Occultation. At the time of Venus's maximum elongation the angular velocity of its sky motion is equal to the angular
velocity of the Sun motion by the ecliptic:

o =(2n/T) = 0.986°day.
The distance / between Venus and Earth at the time of maximum elongation can be calculated using Pythagoras™ theorem
since the angle (Sun — Venus — Earth) is equal to 90°.

I= ("~ )" = 103.4 mill. km.

Here r, and r, are the radii of Venus and the Earth orbits, respectively. Let's denote Venus radius by r, then its angular
diameter from this distance will be equal to

d=2r/1=1.17-10"=24.1".
The duration of the central occultation will be

t=dlo =rT/n@r* — 15" = 9.8 minutes.

Note: numerical values for the orbit radii of Earth and Venus, radius of Venus should be taken from the Solar System data.

Moon. A reversed image of the waning moon in the age of approximately 19 days will be on the photographic plate after the
development. Just this image should be in the solution (with the main parts of the surface of the moon). There 1s A negative
image on the photographic plate. so the light parts of the surface of the moon have to be drawn dark. As it is required to draw




focal plane at the distance of 3048 mm from the lens and the distance between the points is the diameter of the image in the
focal plane of the objective. So from the drawn triangle we have:
d=pF,
but B should be in radians (that is, non-dimensional values):
d=31"-n/(180-60)' - 3048 mm ~ 27.5 mm.
The figure should be approximately such as:

“l

Cats in space. The light from the floodlight reflected from the cat’s eyes reaches an observer. The flow of light from the
floodlight falling in the cat’s eye is inversely proportional to the square of the distance from the floodlight to the cat (~R?),
the flow of light from the cat’s eye to the observer is also inversely proportional to the square of the distance to it (~R?). Thus,
the flow of light returning to the observer after reflection at the cat’s eyes, is proportional to R™*. Taking into account that the
constellation "the crew of the cats" consists of 10 eyes. and the "laboratory experiment" is conducted with one eye, we receive
a difference in flows:
Ic/lo = 10-(10/250)* = 10/25* = 107257,
In stellar magnitudes it is
S e ) e (T

Thus, visible from the Eiffel tower the total stellar magnitude of the crew eyes is

A 5=118" 5
Roughly the distance between the cats’ eyes is equal to 5 cm, and resolving power of the eyes maybe twice better than human
one, 30 ". The distance from which 5 cm are visible as 30" is equal to

0,05 m x 206265 / 30 = 350 m.

The cats-astronauts quite can see a binary star of eyes of the doubler from such a distance. The right answer for the estimation
is: from 200 to 500 meters.

Eclipse. The mechanical analogy for the process is a race of two trains. One of them moves with a constant velocity (moving
without deceleration. hypothetical Earth), and the second one — with the constant acceleration "a" (as the real Earth). If the
trains came to one point with identical speeds, and the acceleration of the second train is equal "a", in the past (time t ago)
the distance between them was S = at’/2. The analog of S in our case is AL = 360° — 34° = 326° or 34/360 = 0.906 revolutions
of the planet. (In the opposite case AL = 34° or 34/360 = 0.094 revolutions of the planet.) If S will be used in connection with
revolutions of the planet (i.e. in days). and time is given in years, a=0.0016 sec/ (day - 100 years) should be in units
day/yrs®. Evidently for this purpose it is required to divide it by the number of seconds in a day and to multiply with the
number of days in one year:
a=0.0016 sec /(1 day - 100 yrs) = (1.6-10™*-365.24)/(100-86400) day/yrs® = 6.76-10"® day/yrs’.
Now we easily find the time, for which the difference 0.906 revolutions will be accumulated:
t=(2S/a)'” = (0.189 day / 6.76:10° day/yrs*)"* =~ 5180 years, the 32-th century B.C.
(For the case A% = 34° t=(2S/a)"* = (0.189 day /6.76-10® da_v/yTsz)m = 1670 years, the fourth century.)
Answer: in the 32-th century B.C. (in the fourth century).

Another way of middle part of the solution. If S will be used in degrees (i.e. in units of 1/360 revolution of the planet =
1/360 day), and time is given in years, a=0.0016 sec / (day - 100 years) should be in units degree/yrs>. Evidently for this
purpose it is required to divide it by the number of seconds for one degree of the Earth rotation and to multiply with the
number of days in one year:
a=0.0016 sec/ (1 day - 100 yrs) = (1.6-107-365.24)/(100-240) ° /yrs’ = 2.43-10°° ° /yrs®.
Now we easily find the time, for which the difference 326° will be accumulated:
t=(28/a) = (652°/2.43-10°° ° fyrs*)"* = 5180 years.
(For the case Ax=34° t=(25/a)' = (68 °/2.43-105 ° /yrs?)? = 1670 years.)

Kperv, Cravens . 2004 Simeiz, Crimea
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Sun. You have a sketch of sunspots for the days from January 10 to January 24, 2000. For each
day determine the number of sunspots f and the number of groups of sunspots g, visible on this
day on the solar disc. Using these data define Wolf’s number and put the results into the table:

f

No Date Julian Number of Wolf’s number
date spots f groups g A4

| s

Using the obtained results plot a graph of relation of Wolf s number as a function of date.

Note: Julian date for today is 2453285. 4’ ~ 7 Q/f @&f@&)@ W

Sunrise. The White Bear and Penguin (whom was already met in the texts of the VII and VIII
International Astronomy Olympiads) decided to meet each other. For this purpose they arrived to
Crimea a few days before the IX Olympiad and they decided to observe sunrise at the day of the
autumnal equinox. «I shall go to the Eastern point of Crimea and see the sunrise before others», —
the Penguin has said. «No, I shall see the sunrise earlier, because I'll climb to the highest
mountain in Crimea — Roman-Kosh», — the Bear parried. Who 1s right? On how many minutes or
seconds earlier will he see the sunrise? Make a table with all data, which you have found or
recollected and used in solving the problem. The solution has to include a picture with an image
of the Bear on the mountain Roman-Kosh and the Penguin at the coast of the Kerch channel; the
necessary linear or angular sizes should be in the picture. Assume that the Earth is spherical.
Recollect for yourself the necessary information about the White Bear and the Penguin.

A map of Crimea is attached.

(Note: the answer «Measens / Bear» or «IIunreun / Penguin» has to be written in English or
Russian.)

Kpenv, Crnvens 2004 Simeiz, Crimea
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Pycckuu

o Date T Number of Wolf’s number
spots f | groups g W
© Jlarta FOnmanckas narta A0 o bomga
nsteH f Ipynm g W
1 10.01.2000 2451554 29 5 75
2 12.01.2000 2451556 54 9 144
3 14.01.2000 2451558 40 12 160
4 16.01.2000 2451560 48 11 158
5 18.01.2000 2451562 38 9 128
6 20.01.2000 2451564 20 J 90
7 22.01.2000 2451566 14 i 84
8 24.01.2000 2451568 16 i 86
180 i
160 A e
140 ®
.
120
100 e
= ©
80 = = -
60
40 L
20 i
0 EEE : iRy el
9515650 51555 51560 Sile65 5570
JD
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7. Stars. Attached is a table with some data about bright stars in our sky.

7.1.Using these data calculate for each star: the absolute stellar magnitude (M) and the projection of

the distance from the Sun on the plane of the galactic equator (R). Fill the results into the table:

Absolute Projection on the plane of the galactic
Name of :
stellar equator of the distance from the Sun
the star : o
magnitude to the star (in light years)
Ne Star M R

Arrange the stars in the table in order of decreasing absolute stellar magnitude.

7.2.For the stars with R not larger than 50 light years draw in your copybook positions of the nearest

stars in projection to a plane of galactic equator in scale 1 cm — 10 light years. The sizes of the
circles have to be M dependent (see fig under the table given). 0° direction of galactic longitude
has to be horizontally to the right. Mark the stars with the numbers given in the table of
conditions for the problem.

Sunrise. The White Bear and Penguin (whom was already met in the texts of the VII and VIII
International Astronomy Olympiads) decided to meet each other. For this purpose they arrived to
Crimea a few days before the IX Olympiad and they decided to observe sunrise at the day of the
autumnal equinox. «I shall go to the Eastern point of Crimea and see the sunrise before others», —
the Penguin has said. «No, I shall see the sunrise earlier, because I'll climb to the highest
mountain in Crimea — Roman-Kosh», — the Bear parried. Who is right? On how many minutes or
seconds earlier will he see the sunrise? Make a table with all data, which you have found or
recollected and used in solving the problem. The solution has to include a picture with an image
of the Bear on the mountain Roman-Kosh and the Penguin at the coast of the Kerch channel; the
necessary linear or angular sizes should be in the picture. Assume that the Earth is spherical.
Recollect for yourself the necessary information about the White Bear and the Penguin.

A map of Crimea 1s attached.

(Note: the answer «Menseas / Bear» or «llunreun / Penguin» has to be written in English or
Russian.) .

Kpent, Cryvens 2004 Simeiz. Crimea
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Tabauna x 3agage 7 NpakTHYECKOro Typa 1a2;::gc English
lar’w{;i’ll;fgc Ew
Group ﬂ
Name of Parallax Tt GHIE}CUC Galactic latitude
the star (arcsec.) e lgugiude (degrees)
ol 18 magnitude (degrees)
Buaunvas Tanaktiueckas | IanakTnueckast
Hassanune | Ilapannakc
Sty R 3BE3HASI J0J1roTa LIHpOTA
BeJHYIHHA (rpaaycey) (rpagycn)
Ne Star 1’ m ] b
1 a CMa 0.376 -1.46 227 -9
Z a Car 0.018 -0.72 261 -25
3 a Cen 0.751 -0,27 316 i
4 «. Boo 0.009 -0.04 15 +69
5 a Lyr 0.123 +0.03 67 +19
6 a Aur 0.073 +0.08 163 =3
7 f On 0.003 +0.12 209 -25
8 « CMi 0.288 +0.38 214 +13
2. a Ern 0.032 +0.46 291 -59
10 a Orl 0.005 +0.50 200 -9
11 B Cen 0.016 +0.61 312 sl
12 a Aql 0.198 0,77 48 -9
i a« Tau 0.048 +0.85 181 -20
14 a« Cru 0.008 +0.87 300 0
15 a Sco 0.019 +0.96 ke 8 0
16 a Vir 0.021 +0.98 316 +5
17 B Gem 0.093 +1.14 192 +23
18 a PsA 0.144 +1.16 20 -65
19 a Cyg 0.004 +1.25 84 +2
20 f Cru 0.007 L) 302 +3
2N « Leo 0.039 +1.35 226 +49
c0o 0 0@
moom _gm
Kpoin, Cuyens 2004 Simeiz. Crimea
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7. Stars. 3B€3abl.

Toks
Name of the Absolute Projection on tht? plane of the galactic
e stellar equator of the distance from the Sun
magnitude to the star (in light years)
AbcoaroTHas IIpoexkuns paccrosinus ot CostHNa Ha
HaszBanue -
bl 3Bé3AHAS NJOCKOCTh IraJIAKTHYECKOro 3KBaTopa
BeJIHYHHA (CBETOBBIX JieT)
Ne Star M R (two digits — nBe 3HaYamHe UHPPbI)
1 B Orn -7,49 980
3 a Ori -6,01 640
3 a Cyg -5,74 810
4 a Boo -5,26 130
5 a Cru -4,61 410
6 B Cru -4,52 470
7 o Car -4.44 149
8 B Cen -3,37 204
L9 a Sco -2,65 166
10 a Vir -2.41 98
L1 a En -2.01 52
12 a Tau -0,74 64
13 a Leo -0,69 55
14 o Aur -0,60 44
15 L ByE 0,47 25
16 B Gem 0,98 32
17 a CMa 1,41 8,3
18 a PsA 95 9.6
19 a Agl 225 16,3
20 a CM1 2,68 11,0
21 a Cen 410 43

7.2. See figure. Cm. qepTéx.

Kpsrv, Crvens 2004 Simeiz, Crimea
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8. Sunrise. Following is the text in Russian, the solution should be easily understand from the
formulae.

Bocxon. JleHCTBHTENbHO, PACCYKAEHHS KaIOTO M3 YXHBOTHBIX JIOTMYHbL IIpHMEM 3a Hayasio
oTcyé€Tta TOT MOMEHT BPEMEHH, B KOTOPBIH nNpouszomén Ol Bocxoj COMHIA B TOYKE ¢
KOOpAHHATAMH BepiuuHbl ropel Poman-Koin Ha yposHe Mops.

HaHHBIe, HCIIOJIb30BAHHBIC ITPH PEILICHUH 3a0aYH:

Pamguyc 3emmn R =6371 kM

Bricorta camoii Beicokoi ropst Kpeiva (Poman-Kom) hrx = 1545 M

Honrora camoi Beicoko# ropel Kpeima (Poman-Kom), o kapre IAO-04 | ), =34°21' B.11.

[Ixpora camoi BeicokoH ropsl Kpemva (Poman-Komnr), mo kapre IAO-04 ¢@p = 44°36' c.1L.

Jonrora camoi BocTouHOH ToukH Kpeima

(msic Qonaps Ha Oepery Kepuerckoro mpostsa), o kapre IAO-04 Ap=36°40"B.1.

InpoTa camoi BOCTO4YHOH TO4YKH KpbiMa

(mbIc DoHapp Ha bepery Kepuenckoro mponusa), mo kapre [AO-04 g eane .

YToBas CKOPOCTh CYyTOYHOTO CHHOAMYECKOTO BPAIEHHUA 3EMIH = 1%/ 4 n

BricoTa yposHs rina3 Measeas HaJ ypOBHEM [TOBEPXHOCTH,

” hg=2 M
HA KOTOPOH OH CTOHT

Beicota yposHs rias ITMHIBHHA HAaJX ypPOBHEM [IOBEPXHOCTH,

E hp=1wm
Ha KOTOPOH OH CTOHT

[TockonpKy €10 MPOHUCXOAMT B JEHH OCEHHErO PABHOICHCTBHSA, JIMHHSA TEPMHHATOPA IIPOXOIHT
MO MEPHIHAHY H MOMEHTBI BOCX0/A COJIHIA HE 3aBHCAT OT IIHPOTHI MECTHOCTH. Takum 00pasoMm,
NMoCKoIbKY [IMHrBHH HaxomuTcs Ha AAp =2°19' BOCTOYHEE MO JOATOTE, UeM HaOTOIATENb
«Poman-Komr Ha ypoBHE MOpsD», OH YBHAHT BOCXO/1 PAHbIIIE HA BPEMA

ip= A)\.p / @,
rae o = 1°/ 4 MuH — yT710Bas CKOPOCTh CYyTOYHOIO CHHOAHYECKOTO BPALIEHHS 3EMITH.

tp ~ 9"°16°.
MenBeae ke pemui  BOCMOB30BaThCA 3GPEKTOM MOHHKEHHS (DHU3HUYECKOrO TOPH30HTA,
3a0paBHCh Ha ropy Poman-Kour, BeicOTa KOTOpO#H corimacHo kaprte pasua 1545 m. [TounwkeHue
(H3HUECKOTO FOPH30HTA MOKHO BBIYHCITHTD 1O GopmyIte

Aa = arccos(RAR+h)) = ((R+h)? - R®)"*/R =~ (2/R)"* (8 paauanax),
.



pasMepaMu Measead (h = hryg) MEABEAS A TOpe€ FoMaH-Rom h = 1545 M B NOHM)XXEHHE
TOPH30HTA COCTABISET OKOJIO

Aaig = (2-1545 M/ 6371000 M) = 0,022 pax = 1°16',
(llaxe ecnmu yvecth pasmepsl Mefseas, BCTAaBIIEro Ha 3aJHHe namsl Ha rope Poman-Kom,
h =hgk + hg = 1547 M, MOHIKEHHE TOPH30HTA BCE PABHO COCTABIIAET OKOJIO 1°16'

Acy = (2:1547 M/ 6371000 m)'? = 0,022 pan = 1°16").
Taknum 00pa3om, B TOT MOMEHT, Koria MeaBe b YBHAHT BOCXOJ, Ul HaOmoaaTens «Poman-Komr
Ha ypoBHe Mops» Connue emé B 1°16' Hivke. Ha mupote okono ¢pp = 44°36' mist 1OCTHKEHHs
TouKH Bocxona ConHue JOKHO NpoHTH 1o HeOy myTh B Bp= Aag/ cosgp = 1°46'. Bpems, 3a
kotopoe CoJHIle MPOHAET ITOT MyTh, PABHO

tg = Aag / (COS([)B : O)),
tg = 77°04°,
Taxum odpaszom, [THHTBHH YyBHIHT paccBeT paHbine MeBe/is Ha BpeMms
tp — tg = (AAp — Aap/cosg) / o = 2%°12°.

Pepakims Ha OTBET He BIHAET, TaK KAK OJMHAKOBO MPHOJIMAKAET BOCXOM Kak [IMHIBHHY, TaK H
Mensemro.
Answer-OtseT: Ilnnreun-Penguin, na 2 MunyTh 12 cexyn paHbure.

CripaBeUTHBOCTH pajiv, BBIYHCITHM dQQPEKT 0T MOHMsKeHHS TOpH30HTA Mist [[HHIBHHA BBICOTO
1 M
Aop =~ (2:1 M/ 6371000 M) =~ 5,6:107 pax ~ 1,9'.

Taknm 00pa3om, aHanorHYHO paccy»kieHHIM ¢ MemBenem, Ha mupote @p = 45°26),

Bp=Aap/ cospp=2,7"
Bpewmst, 3a kotopoe Cosnue mpoHAET 3TOT My Th, PaBHO

tp1 = Actp / (COS(pp * ),

tp1 = 11°
B atom cayyae nosyyaem, uto ITMHIBHH yBHAMT paccBeT pambiie Measess Ha BpeMs
tp + tpy — tg = (Adp + Aap/cospp — Aapg/cosp) / o= 2%°47¢.

n answer-oTBeT: Iuursun-Penguin, 2 munyTel 23 cekyH/IBI paHbIe.

Kpenv, Cumens 2004 Simeiz, Crimea




IX MexayHapoaHasi acTPOHOMHUYECKAS] OJHUMIIHALA

IX International Astromomy Olympiad

3aa9u NPAKTHYECKOro Typa

Kponi, Crnvens 1-9.X. 2004 Simeiz, Crimca

Practical round. Problems to solve

SI3BIK

language P CCKUU

Group

7.

Connue. Ilepen Bamu 3apHCOBKH CONMHEUHBIX MaTeH 3a nepuos ¢ 10 no 24 susaps 2000 rona.
JL7ist K100 JHs OMPEENIMTE YHCIIO IsiTeH f ¥ YHCIO rpynn MmsITeH g, BUAMMBIX B 3TOT JCHb HA
coHETHOM jucke. ITo 9TuM maHHBIM ompejenuTe YHCIO-Bonbdha u 3aHecuTe BCe MOMydCHHBIE
JaHHBIE B TAOTHILLY:

No Hata tOnnanckas Yucno Yucno Bonbda
Jara msiteH  f rpynn g W

[To moryueHHbIM pe3ynbTaTaM NOCTPOHTE rpad)HK 3aBHCUMOCTH YHcTa Bosibda ot math!.
IOnuanckast nata s CeroausamHero ays — 2453285.

Bocxoa. beneiit Measenps u ITuHreuH (1€, 4YTo YK€ BeTpedanuch B ycnosuax VII w VIII
MesxayHapOHBIX aCTPOHOMHUYECKHX OJIMMITHA[T) PELIHIIH BCTPETHTHCSI APYT C Apyrom. J{jis 3Toro
OHH npuexany B KpbiM 3a HECKOIBbKO aHEH 10 [X OauMmuans! U pelHId MPOHA0MOIaTh BOCXO/
Connnoa B A€Hb OCEHHETO PaBHOAEHCTBHA. «Sl moexy Ha caMyr0 BOCTOYHYHO TOYKy Kpeima H
YBWKY BOCXOJ PaHbLIE€ BCEroy, — ckasan I[Innreus. «Her, 1 paHpLe yBH:KY BOCXO0/, ITOTOMY YTO
3a0epych Ha caMylo BBICOKYIO ropy B Kpuimy — Poman-Komy, — mapuposan Measens. Ko 13 HUX
npas? Ha ckOMBPKO MMHYT HMJIH CEKYHJ PAaHBUIE OH YBHIHT BOCX0nA? BeImuIunTe B TaOIHILY BCE
JAHHBIE, KOTOPBIE BBl HALUIH HIIH BCTIOMHHJIH M MCIIOJB30BANIH IPH PEIICHUH 3a1aud. PelueHue
compoBoauTe pHCyHKOM ¢ Mensenem Ha rope Poman-Komr w IlunrBuHOM Ha Oepery
KepueHckoro mposiHBa, Ha PHCYHKE JOJDKHBI OBITh YKa3aHbl HEOOXOJHMblE JIHHEHHBIC HIIH
yrioBble pasmepsl. Popay 3emnu cuutath chepryeckod. HeoOxomumelie ceneHus o bemom
Mensene u [IMHrBHHE BCIIOMHHMTE CAMHU.

B Bamem pacniopstkeHuH kapta Kpeima.

(TIpumeyanue: otseT «Measean / Bear» unu «Ilunreux / Penguiny momkeH ObITh HaMMCaH IMO-
PYCCKH WJTH IO-aHIJIHHCKH. )

Kpseiy, Cryvens 2004 Simeiz, Crimea



IX MexayHapoaHass acTPOHOMHUYECKAs OJIUMNHAAA

IX International Astronomy Olympiad

3aauu NPAKTHYECKOr0 Typa

Kpbim. Crncns 1 -9 X. 2004 Simeiz. Crimca

Practical round. Problems to solve

SI3BbIK E!, - '
language c Cl(ll“ ) -

Group [3

E ()

7.1

1.2

8.

3Bé3abl. Bam pana tabiuua ¢ HEKOTOPLIMH XapakTEPUCTHKAMM psla sSPKUX 3BE371 Haiuero Heda
(npunaraercs).

. Mcxonst u3 gaHHbIx Ta6ﬂHLLbI, BbI'THCJIUTE 15 Ka)ICLIOFl 3BE€3/1bI. a6COJllOTHy10 i}Bé‘SJJ.HYIO BCJIIMYHUHY

(M) u npoexuuto paccrosuusi ot CosiHUA HA MIOCKOCTb rajaktudeckoro sksaropa (R). [locrpoiite
JUTS HUX TabJIMIY C JAHHBIMH: ‘

AbconoTHas [Ipoexuns paccrosnus ot ConrHua Ha
HaszBanue ..
3Be3IbI 3BE3AHAN IJIOCKOCTDb FAaJJAKTHUECKOro 3KkBaTopa
BEJTHYHHA (cBETOBBIX JI€T) PRl 4]
Ne Star M 5 R

3BE3/1bI PACTIONOKHTE B MOPsiAKE yObIBAHHS a0COMOTHOH 3BE3AHON BETUUMHbI,

nsa 38é3n ¢ R He Oonee 50 cBeroBbix Jjier, B MacwTade B 1 cm — 10 cBeTOBBIX JieT, M300pa3uTe B
TETPaau pacrnojiokeHue OanicanlinX 3BE3N B MPOEKUHH HA MIIOCKOCTh rajlakTHYECKOTO 3KBATOPA.
Pasmepbl kpy»KOB — B COOTBETCTBHM ¢ M (CM. pHCyHOK noa TabnuueH, npuaaraeMon K yCioBHIO).
Hanpasnenue 0° ranakTu4yeckoii 10JrOTbl HAMPABbTE 10 FOPH3OHTAIH BrpaBo. O0o3HaubTE 3BE3/AbI
HOMEpaMH W3 JAHHOH B YCJAOBHH TaOJHLIbI,

Bocxoa. benbiit Mensens W [luHrBuu (Te, uTo yxe BcTpevyanuch B yemousx VII u VIII
MexayHapoaHbIX aCTPOHOMHYECKHX OJIMMITHAA) PEILHJIH BCTPETHTHLCS APYr ¢ aApyrom. [list 31oro oHu
npuexanu B KpeiM 3a Heckonbko aued no 1X Onumnuanst v pewuan nponadatoaars Bocxoa Costila
B J€Hb OCEHHEro paBHOACHCTBHs. «Sl moeny Ha camyr BOCTOUHYIO TOuky KpbiMa M yBHIMKY BOCXOX
paHblie Bceroy, — ckasan [luureuH. «Her, s paHblie yBHXy BOCXO/, MOTOMY 4TO 3a0epych Ha camyto
BbICOKYIO ropy B Kpeimy», — napuposan Measens. Ko u3 Hux npas? Ha ckonbko MHHYT MM CCKYHJT
paHbiue OH YBUAHT Bocxoa? Beinuiunte B Tabnuuy Bce naHHbIe, KOTOpble Bbl HALLIH UIM BCIIOMHUIIHU
M UCMONbL30BalIM NMpH peleHuu 3anauu. Pewenue compoBomuTe pucyHkom ¢ Measeaem Ha rope
Poman-Kowr u ITunreunom Ha Oepery KepueHckoro nposinBa, Ha pUCYHKE AOMKHbBI ObITh yKa3aHbl
HeoOXOAMMBbIE JIMHEHHbIe MM yrioBble pasmepbl. Popmy 3emnu cuutath  chepuuecKOn.
Heobxonumbie cBenenns o benom Mensene u [THHrBMHE BCIIOMHUTE CaMU.

B Bamwewm pacnopsikeHuun kapra Kpbima.

(TITpumeuanue: orBer «Measennb / Bear» unu «Ilunrsuu / Penguiny nosokeH ObiTh Hamucan Mno-
PYCCKH WJIM MO-aHTJIMUCKH.)

Kpbni. Cumens 2004 Simeiz. Crimea



IX International Astronomy Olympiad
IX MexayHapoaHass acTPpOHOMHYECKAsi OJHMIHALA

Simeiz, Crimea

Observational round. Problems

Groups «, [

195 D001

Kpenv, Crvens

3agauun Hab/OAATENILHOTO TYpPa

]
A3BIK

onevaze | LHGLISH
A3BIK =

lanouaoe ) "CCI“,I { u

English

Pycckuii

1.1. The latitude of the region where the
Olympiad is taking place is 45° North.
Contour by your hand the circumpolar
region of the sky.

1.2. Indicate (by hand) the circumpolar
constellations and say their Latin names.

(6p)

Tests 2-3 were canceled due to clouds

o

Determine the angular distance between the
stars listed below and write the answers on
the map between each pair of stars:

.o Cygand B Cyg.

. B Dra and y Dra.

.o Lyr and a Agl.
You have a sky map of the necessary region.

(3:2p = 6p)

Find the stellar magnitudes of the given stars
using data about comparing stars and write
the answers on the map.

PO ot e

‘\) SRS

(99}

3.1. k Cas (stars of comparing:
¢ Cas=5,0"and B Cas =2,3™).
3.2.8Cyg («Cyg=13"and ¢ Cyg=4,7").
3.3. t Her (« Lyr=0" and ¢ Her =4,2™).
4

3.4.BCep (aCas=2,2"and uCep=4,1").
You have a sky map of the necessary region.

(4-2p = 8p)

!
|
1

e T

1.1. 3nas, 4T0 IMHUPOTa MECTHOCTH, I1€ '
nposoauTes OmuMIIHaa, pasHa 45° ¢,
OYEPTHTE PYKOH HE3aXOIAIIYVIO 001aCTh
Heoa.

1.2. VKakHTE HE3aXO0IIUIHE CO3BE3AHA U
HA30BHTE HX JIATHHCKHE HA3BaHHS.

(6 bamoB)

3aaaHus 2-3 ObUTH OTMEHEHbBI H3-33 00JaYHOCTH.

o

Ornpe e IMTe YIMOBBIE PACCTOSHHE MEATY
3B€31aMH H HAIMHLIMTE OTBET HA KapTe
MEXTY 3BE3AAMH KOKTOH Naphl: |
.aCygup Cyg. 22 3
.3 DranyDra. )
alyruaAgl. 247
Kapra naHHO# 00macTyH Heda npHaaraeTcs.
(32 bamna = 6 6aL10B)

Lo
O B O

J

3. Hcnoab3ys 3BE3IBI CPABHEHHA, ONPEIEITHTE
3BC3AHYIO BEIHYHHY 3BE3] U HAMHLUKTE HX
Ha KapTe.

(O8]
s

.« Cas (3B&31bI CpaBHEHHA: 47
¢ Cas=5,0"u B Cas=23").
8 Cyg (aCyg=13"n¢ Cyg=47". < 9
.wHer (aLyr=0"uoHer=42"). Z/¢/
.BCep (a¢Cas=22"u uCep=41m). 3,
Kapra nannoi odnacti Heba npuiaraeTcs.
(4-2 canna = § 0a110B)

~

(9S)

W W)
£SO L9

:/9 #h

Simeiz, Crimea
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