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IX International Astronomy Olympiad ™

Kpsny, Cuyens 1-9.X. 2004 Simeiz, Crimca

3aga4un TeOpeTHYeCKOro Typa Theoretical round. Problems to solve

- English

language

Group @&

1

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

Comet. During an observation of a solar cclipsc the obscrvers discovered a comet bodies 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 timec the moon was observed by school children on mountain Koshka (which means “cat™ in Russian)
(branch of the Crimecan Astrophysical Observatory). The objective diameter of the telescope-refractor used is
D =8 cm and its focal length is F = 304.8 cm. Therc was a photographic plate in the focal planc of the objective.
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, 1937, the first artificial satellitc 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 3 cats! You
can see 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 flics 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
cyes 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 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 on the practical round.

Kpent. Cuvens 2004 Simeiz. Crimea
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Distance between galaxies. There arc about 100 galaxies 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 Mpc. 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 Arics 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=163a.u.

Will these bodics be visible to any observer on the Earth during their nearest transit of perihelion? In what
constellation will they be? The answer has to be explained by necessary formulac 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 is 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 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 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 analyzed. The experiments with the doubler located 10 km from Eiffel tower, have shown, that each of
its eyves 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 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
eyes 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. Cuvens 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:

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

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% g/Z( @&f@&)@ M

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 othersy, —
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 is attached.

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

Kpenv, Crumens 2004 Simeiz, Crimea
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IX MexayHapoaiHass acTPOHOMHYECKAs OJHMIIHAA

IX International Astronomy Olympiad

Kpsny, Cuyens

Group

7. Sun. Coanue.

W=k(10g+f) k=1

1-9.X. 2004

Simeiz, Crimea

Te3ucer pemenuii 32524 NPAKTHYECKOr0 Typa
Practical round. Sketches for solutions

SA3BIK S
language E ngil h

A3BIK

language

Pycckuii

No Date P . Number of Wolf’s number
spots f [ groups g W
No Jara FOunuanckas nata 0 (s Bomsda
nsited f IpyIm g W
1 10.01.2000 2451554 25 5 5
7 12.01.2000 2451556 54 9 144
3 14.01.2000 2451558 40 12 160
4 16.01.2000 2451560 48 11 158
S 18.01.2000 2451562 38 S 128
6 20.01.2000 2451564 20 7 90
7 22.01.2000 2451566 14 7 84
8 24.01.2000 2451568 16 i 86
180
160 ¢ i
140 s
°
120
100
= ® ®
80 = - -
60
40
20 =
O T ¢ e 1
51550 51555 51560 51565 51670
JD
Kpsmv, Cumens 2004 Simeiz, Crimea
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IX International Astronomy Olympiad

Kpsnyt, Cuyeus 1-9.X 2004 Simeiz, Crimeca

3ajaud NPaKTHYECKOro Typa Practical round. Problems to solve

A3BIK

language .El/lg!is_h ﬂl

Group [3
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 4
o7, ] stellar equator of the distance from the Sun
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.

8. 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 «Mensean / Bear» or «Iluureun / Penguin» has to be written i English or
Russian.) .

Kpenvt, Cryens 2004 Simeiz. Crimea



IX MexayHapoaHasi acTPpOHOMHYECKAas OJHMNMAajxa

IX International Astronomy Olympiad

Kpsiny, Cruyens

1-9.X. 2004

Practical round. Table for problem 7 to solve

Simeiz, Crimea

Tabuuna x 3agavye 7 NpakTHYECKoro Typa 1a§:::gc English
laiz,tll;gc -—E-w
Group [}
Name of Parallax k mbl(‘z Galz.ictlc Galactic latitude
the star (arcsec.) il laygiinde (degrees)
magnitude (degrees)
Buausas TanaktHueckas | Lanakrideckas
Haspanuwe | Iapannakc .
e e 3BE3AHAST JoJrora LIHPOTA
BeAHYHHA (rpaaycsy) (rpaaycsr)
Ne Star 1 m 1 b
1 a CMa 0.376 -1.46 227 -9
Z a Car 0.018 -0.72 261 -25
3 a Cen 05751 -0,27 316 ]
4 a. Boo 0.009 -0.04 15 +69
> a Lyr .13 +0.03 67 +19
6 a Aur 0.073 +0.08 163 =)
7 f Or 0.003 +0.12 209 -25
8 « CMi 0.288 +0.38 214 +13
9 a En 0.032 +0.46 291 -59
10 a Orn 0.005 +0.50 . 200 -9
11 B Len 0.016 +0.61 312 -+
12 a Aql 0.198 +0.77 48 -9
13 a Tau 0.048 +0.85 181 -20
14 a Cru 0.008 +0.87 300 0
1 o Sco 0.019 +0.96 352 vl
16 6 Vi 0.021 +0.98 316 +51
17 B Gem 0.093 144 192 +23
18 a PsA 0.144 +1.16 20 -65
19 a Cyg 0.004 % 1,26 84 +
20 f Cru 0.007 #1235 302 +3
o8] a Leo 0.039 +1.35 22 +49
co0o 0 0@
lm _lnl _3m
Kpsize, Crnvens 2004 Simeiz. Crimea



IX MexayHapoaiHass acTPOHOMHYeCKasi OJUMOHAaAa

IX International Astronomy Olympiad

Group [f

Kpeny, Crmens

7. Stars. 3B€3abl.

1-9. X. 2004 Simeiz, Crimea

Te3uchl pelieHuH 32124 NPAKTHYECKOro Typa
Practical round. Sketches for solutions

A3BIK
language

English

S3BIK =
language CCKUU

i
R Absolute Projection on th(? plane of the galactic
T3 stel!ar equator of the dls.tan'ce from the Sun
magnitude to the star (in light years)
AbcoaroTHas IIpoexuus paccrosanus ot CoHuAa Ha
Hassanue 5
g 3BE3AHASA NJI0CKOCTH FAJIAKTHYECKOr0 3KBATOPA
BeJIHYHHA (cBETOBBIX JIET)
Ne Star M R (two digits — nBe 3Havamue uHPpoI)
1 B Orn -7,49 980
3 a Ori -6,01 640
3 a Cyg -5,74 810
< a Boo -5,26 130
5 a Cru -4,61 410
6 B Cru -4,52 470
i o Car -4 44 149
8 g*Cen -3,37 204
g e Theo -2,65 166
10 a Vir -2,41 98
11 a Eri -2,01 52
12 a Tau -0,74 64
13 a Leo -0,69 35
14 o Aur -0,60 44
15 a Lyr 0,47 25
16 B Gem 0,98 32
17 a CMa 1,41 8,3
18 a PsA 195 9,6
19 a Agl 2,25 16,3
20 a CMi1 2,68 11,0
21l a Cen 410 43
7.2. See figure. Cm. qepTéx.
Kpenv, Crmvens 2004 Simeiz, Crimea
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IX International Astronomy Olympiad

3aga4M NPaKTHYECKOr0 Typa

Kpent, Crvens 1-9.X 2004 Simeiz, Crimeca

Practical round. Problems to solve

S3BIK

languagc P CCKuU

Group @

g

Connue. Ilepen Bamu 3apHCOBKH CONMHEYHBIX NATEH 3a nepHox ¢ 10 mo 24 susaps 2000 rona.
Jist KX a0ro IHA ONPENENTHTE YHCIIO IATeH f 1 YHCIIO Ipynn NSITeH g, BUAMMBIX B 3TOT JCHb HA
COJIHEYHOM aucke. [lo aTuM maHHBIM ompelenuTe YHCIO-Bonbga u 3aHecHTe Bee monyyeHHbIE
JAHHBIE B TAOMHLY:

No JHara HOnnanckas Yucio Yucno Bonbda
JarTa miteH f rpynn g W

ITo mosry4eHHBIM pe3ybTaTaM MOCTPOHTE rpad)HK 3aBUCUMOCTH YHcaa Bobga ot math!.
HOnuaHckas nata st CEroaHsaIHero nys — 2453285.

Bocxoa. Benerii Mensenps u IluHreuH (1€, 4TO yKe BCTpedanmuch B ycioBusax VII u VIII
MesxayHapOIHBIX aCTPOHOMHYECKHX OJIMMITHAM) PEITHIH BCTPETHTHCS APYT ¢ APYroM. J{nst 3T0oro
oHH npuexanu B KpeiM 3a HeCKOBKO AHeH 10 IX OmuMmuags! U peIHIi MpoHa0oaaTh BOCX0/
ConHua B JIEHb OCEHHETO PABHOJAEHCTBHA. «S1 moexy Ha caMyro BOCTOYHYIO TOYKY Kpbima H
YBIKY BOCXOJ PAaHbIIE BCEro», — ckasan ITunrsun. «Her, s paHblie yBH:KY BOCXO[, IIOTOMY 4TO
3a0epych Ha CaMyl0 BEICOKYIO ropy B Kpuimy — Poman-Komy, — mapuposan Measens. KTo U3 HUX
npas? Ha ckoNbKO MMHYT MJIH CEKYHJ PaHbUIE OH YBHIHMT Bocxona? Brimuiuurte B TaOIHIY BCE
JaHHbIE, KOTOPBIE BBl HALIUIM HJIH BCIIOMHHTH M MCIIOJIB30BANH IPH PEIICHUH 3a1a4yd. PelleHue
CONpOBOAMTE pHCYHKOM ¢ Mensegem Ha rope Poman-Komwr wu IlunrsuHom Ha Oepery
KepueHCKOro mposiMBa, Ha PHCYHKE JOJDKHBI OBITh yKa3aHBl HEOOXOIHMBIE JIHHEHHbBIE HITH
yrnossle pa3Mepbl. Popmy 3emnu cuutath chepuueckoi. Heodxomumeie cBemeHus o bemom
Mensene u IIMHIBHHE BCIIOMHHUTE CAMHU.

B Bamewm pacnopszkeHuH kapta Kpeiva.

(TTpumeuanue: orseT «MenBean / Bear» unu «Ilunrsus / Penguiny momken ObITh HamMcaH 1mo-
PYCCKH WITH TO-aHIJIHHCKH. )

Kpsry, Crven3 2004 Simeiz, Crimea



IX MexayHapoaHass acTPOHOMHUHYECKAsi OJUMIIHA/IA

IX International Astronomy Olympiad

3agaum NPAKTH4Y€CKOro typa

Kpbim. Crncns 1 -9 X 2004 Simeiz. Crimea

Practical round. Problems to solve

SI3BIK & , '
lanpuage CCKu u o

Group [}

7

Tale

7.2

3Bé3abl. Bam nana tabivua ¢ HEKOTOPLIMH XapakTEPUCTMKAMM psAna sPKMX 3BE3] Haiuero Heda
(npunaraercs).

”CXO}IH U3 JAHHbIX Ta6ﬂHleI, BbIY1TUCIIUTE )1 Ka')K'llOﬁ 3BE€34bl. a6COJllOTH_YIO 3Bé'3,’llly10 BEJIHYHUHY
(M) u npoekuuto paccrosiius ot ConHua Ha MIOCKOCThb ranaktuieckoro sksatopa (R). [locrpoiite
JUTS HAX TaONuIy ¢ JaHHBIMU: :

Hazsauue Aﬁc?““""“" [Ipoexuns paccrosinusi ot CotHua Ha
e 3Bé3aHAanA NJIOCKOCTD FAJIAKTHYECKOr0 3KBaTopa
BEJHYHHA (cBETOBBIX JIeT) TADA
Ne Star M R

3BE3/1bI PACTIONONKKUTE B MOPsiaKe yObIBaHHS aOCOMOTHON 3BE3AHON BETUUHHDI.

Hns 38é31 ¢ R He Oonee S0 ceeroBbix jier, B Maciutade B 1 cm — 10 cBeToBbIX JieT, W300pazure B
TETpaau pacnosjoxeHue OaHKaHIIMX 3BE3A B MPOEKLHH Ha MJIOCKOCTh rajlakTHYEeCKOTO 3KBATOPA.
Pasmepbl kpyX kOB — B COOTBETCTBMH ¢ M (CM. puCyHOK mox TabnHueH, npuiaraeMoi k yCioBHiO).
Hanpasnenue 0° ranakTHueckol JOArOTH HANPaBbTE MO FOPH3OHTANHM BrpaBo. OGosHaubLTE 3BE3/bI
HOMEpaMH W3 JAHHOH B YCJOBHH TaOIHILIbL.

Bocxoan. benbiii MenBens u IluHreuH (Te, u4To yx)e BcTpedanuch B yenosusax VII w VI
MexcaynapoaHbix acTpPOHOMHYECKHX OJTMMITHAA) PELLHJIM BCTPETUTBCS ApYyr ¢ aApyrom. [ist 31oro oHu
npuexanu B Kpbim 3a Heckonbko nHe# 1o [X Onumnuans! v pewnin npoHabatoaars socxon Cosmia
B J€Hb OCEHHEro PaBHOACHCTBHs. «Sl moemy Ha camylrd BOCTOYHYIO TOuky KpbiMa W yBHIKY BOCXOA
paHblue Bceroy», — ckasan [IuHreuH. «Her, s paHblue yBUXKy BOCXO, MOTOMY UTO 3abepych Ha camyto
BbICOKYIO ropy B Kpeimy», — napuposan Meansens. KTo u3 Hux npas? Ha ckonbko MHHYT MM CCKYH /L
paHble OH yBUIHT Bocxoa? BeimuimnTe B Tabnuiy Bce AaHHbIE, KOTOPbIEe Bbl HalLIKM WM BCITOMHHIIH
M UCTONb30BAIM MpHU pelleHuH 3anaud. Pewenue conpoBoauTe puUCyHKOM ¢ Mensenem Ha rope
Poman-Kouw u ITuHreuHom Ha Oepery KepueHckoro mposiMBa, Ha PUCYHKE JOJXKHbI ObITh yKa3aHbl
HeOOXOMMMbIE JIHHEHHbIE MK  yrioBbie pasMepbl. Popmy 3emnu cuutaTh  chepuueckoH.
Heobxonumeie ceenenus o besom Mensene u [TMHrBHHE BCIOMHUTE CaMH.

B Bamwewm pacnopsikenuu kapra Kpbima.

(TTpumeuanue: orBer «Measeas / Bear» unu «[lunrsun / Penguiny noskeH ObiTh HanucaH Mmo-
PYCCKH MJTH MO-aHTJIMHCKH. )

Kpbiv. Cumens 2004 Simeiz. Crimea
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Observational round. Problems

Groups «, [

1-9.X. 2004

Kpenv, Crveuns

3agayu Hab IO AATEIHLHOTO TYpa

AIBIK ’ : t
anmase | LNZLish

ABIK | ol
language | PYCCRUU

English

Pycckuii

1.1. The latitude of the region where the
Olympiad 1s 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:

.a Cygand p Cyg.

. B Dra and y Dra.

.o Lyr and a0 Aql.
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.
.k Cas (stars of comparing:
¢ Cas=5,0"and B Cas =2,3™).
.8 Cyg (aCyg=13"and ¢ Cyg=47M.
3.mHer (aLyr=0"and ¢ Her = 4,2™).
.BCep (aCas=22"and p Cep=4,1").
You have a sky map of the necessary region.
(4-2p = 8p)

L SN
L N =

)

(O3]
T

vJ Wl

-I‘abJ b9

,;

1.1. 3nas, YT0 IHPOTA MECTHOCTH, I/1E
nposoautess OmuMmnuazna, pasHa 45° .,
OYEPTHTE PYKOH HE3aXOAIIYIO 001aCTh
HEeOa.

1.2. YKkakuTe HE3aXOJAIIHE CO3BE3IUA U
HA30BHTE HX JIJATHHCKHE HA3BAHHA.

(6 bawtoB)

3agaHus 2-3 ObUTH OTMEHEHBI H3-3a 00JaYHOCTH.

2. OmpeaciuTe YIJIOBBIC PACCTOAHHE MEAKTY |
3BE37aMH H HAITHIIHTE OTBET Ha KapTe
MEWKTY 3BE3TAMH KayKTOH Maphl: |

2.1.a Cygu P Cyg. ,279 4

2.2. 3 DraunyDra.

33.aLlyruaAq. 3¢°
Kapra nanHo# o0macty Heda npHiaraeTcs.

(32 danna = 6 baLIoE)

3. Hcuoabp3ys 3BE31BI CPaBHEHHA, OUPEICITHTE
3BE3AHYH0 BEJIMYMHY 3BE31 H HAMHIUIUTE HX
Ha KapTe. _

3.1. « Cas (3B&3mpl cpaBHEHHA: £/

¢ Cas=5,0"u B Cas=23™).

32.8Cyg (aCyg=13"uop Cyg=4T. < '5?

33.nHer (aLyr=0"u¢Her=4,2"). %/ ¢

34.BCep (aCas=22"u pnCep=4,1"). 3,
Kapra naunoit o6mactu Heba npmaraercx

(4-2 oanna = 8 0awIOB)

Simeiz, Crimea
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