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Theoretical round. Problems to solve

General note. Maybe not all problems have correct questions. Some questions (maybe the main question of the problem, maybe
one of the subquestions) may have no real sense. In this case you have to write in your answer (in English or Russian):
«impossible situation — cutyanus HeBo3mo:kHay. Of course, this answer has to be explained numerically or logically.

Data from the table of planetary data may be used for solving every problem.
The answers «/la-Yes» or «Her-No» has to be written in English or Russian.

1. Circumpolar stars. Usually we consider that there are about 6000 stars in the whole sky which are visible
to the naked eye. The refraction near the horizon is 35'. Find, how many more stars visible to the naked eye
become circumpolar (which means that they never set) due to refraction:

1.1 for observer on the North Pole at zero height position (like Polar Bear in a position with its eyes at
zero height).

1.2 for observer on the Equator at zero height position (like Giraffe with the eyes lowered to zero
level).

In your solution include a picture with an image of the Bear on the ices of North Pole and the Giraffe on
the Equator, and necessary dimensions and/or angular dimensions used.

2. Observation of a star. A star is observed from the Earth. It is found that its magnitude is m; = 2™.74 when
observed at Zenith and m, = 2™.85 when observed at 45° above the horizon. What would the apparent
magnitude my of the star be if observed from above the atmosphere (from a satellite, for example)?

3. Parallax. Like humans, astronomers of Mercury use the same method for definitions of parallaxes and of
parsec but measure them in different (their own) units. For example, the distance to Sirius equals to 1.406
mepc (1.406 mercurial parsec).

- Describe the most evident system of angular units used by astronomers of Mercury.
- Calculate the mercurial diurnal parallax of the Sun and write the answer in “meau” (mercurial angular
units — the common angular units for astronomers of Mercury).

4. Climate. There is a reference to climate in Crimea according to observations during 934 months between
1821 and 1991 on the web-site of the XV TAO. The average temperatures in Simferopol in January and
July are equal to —0.4° C and +21.2° C respectively according to that data. Imagine a planet whose axis of
rotation is perpendicular to the planets’ ecliptic. Estimate, what the eccentricity of the planets’ orbit should
be in order to give climatic seasons identical to the ones in Crimea.

5. Cosmonaut. Imagine a small space station with a total mass of M =50 ton placed far away from any
celestial body. A cosmonaut with a total mass (with ammunitions) of m = 100 kg appears L = 80 m away
from the station without any fuel. Calculate (estimate) the time T after which the cosmonaut reaches the
station due to gravitational attraction. Consider the initial velocity of the cosmonaut to be zero.
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3ajaum TeOpeTHYECKOro Typa

O6mee 3ameyanue. He uckimroueHo, 4To HE BO BCEX 3a/lauax BOMPOCHI MOCTABJIEHB! KOppeKTHO. HekoToprie BOmpockl
(BO3MOKHO, TJIaBHBII BOTIPOC 3a/1a41, BO3MOXHO — ITOJIBOTIPOC) MOTYT HE HMETh CMBICHA. B aTOM citydae cienyer
HaIMcaTh B OTBeTe (IO-PYCCKH WITH TO-aHTIIMHCKH): «CHTyalusl HeBo3Mo:kHa — impossible situation ». EctecTBenno,
OTBET JIOJDKEH OBITh OJKPEIUIEH BRIYUCICHUSMU HJIH JIOTHIECKUMHE PACCYKICHUSIMU.

Jlanubie u3 Tabmuirsl oT Tenax CoIHEUHON CUCTEMbI MOTYT OBITh UCIIOJIB30BaHbI B JIF000H 3a/1aue.
OtBetnl «Jla-Yes» ninu «Her-No» 10KHBI OBITh HAITMCAHBI [I0-PYCCKH WU ITO-aHTTINHCKH.

1. He3axoasimue 3Bé31b1. OOBIYHO CUMTAETCS, YTO HA BCEM HeOe HEBOOPYKEHHBIM TJ1a30M MOKHO YBUJIETh

okono 6000 3B&3n. Pedpakius y ropusonra cocrasiser 35'. Haiiaure, Ha ckonbko Oosjblie 3BE3N,
BUMMBIX HEBOOPYKEHHBIM IIa30M, CTAHYT HE3aXOAALIMMHU Oyiaroaaps peppakuuu:

1.1 nns mabmonatens Ha CeBepHOM IONFOCE, HAXOMAIMIETOCS Ha HyneBoil Beicote (benbiii MenBens,
MIPYKABIIUICS KO JIBITy TaK, YTO €To TJla3a OKa3aJiCh Ha HYJIEBOU BHICOTE),

1.2 nns HaOnroaTens Ha SKBaTOpe, HaxoJsIlerocss Ha HyJeBol Bbicote (XKupad c omymeHHbIMU 10
HYJIEBOHM BBICOTHI IJIa3aMH).

Pemenue conpoBoaute pucynkom ¢ Mensenem Haja CeBepHbIM nontocoM 1 JKupadom Ha 3kBaTope, Ha
PHUCYHKE TOJDKHBI OBITh YKa3aHbl HEOOXOIUMBIE JINHEHHBIE W/ YTIIOBBIE Pa3MepHI.

2. HaGmonenus 3Be3abl. Habmonatens Ha 3emiie uccienyeT HEKOTopyro 3Be3ay. [Ipu HaOmogeHun e€ B

3eHUTe €€ 3BE3HAs BEIMYMHA OKas3alach paBHOM my = 2,74™, a mpu BeicoTe 45° Hajg rOpU30HTOM —
m, = 2,85™. UeMy paBHa 3BE3/IHAsl BEMYMHA My STOM 3Be3]bl MpU HaAOIIOJEHUM BHE aTMocdepsl (co
CIIyTHUKa, Hanpumep)?

3. IMapannake. Kak u 3emisHe, acTpoHOMBI MepKypHsl HCIOJB3YIOT TaKOM K€ METOJ JJsl ONpENEICHUS

MOHATUI TapayIakCOB M TapceKka, HO HU3MEPSAIOT HMX B JPYyrux (CBOMX COOCTBEHHBIX) €AWHUIIAX.
Hanpumep, paccrosuue no Cupuyca pasro 1,406 menk (1,406 MepKypHaHCKHX Mapcek).

- OnumuTe Hanbosiee OYEBUIHYIO CUCTEMY E€IMHHUIl YIJIOBBIX pPa3MEpOB, UCHOJIb3YEMbIX ACTPOHOMAaMH
Mepkypus.

- Boluncnnre MepKypuaHCKHil rOpU30HTaNbHBIN (CyTouHbIN) napauiake ConHLa, OTBET JaiTe B “‘meye”
(MEpKypHaHCKUX YIJVIOBBIX €MHUIIAX).

4. Kaumar. Ha BeO-caiite XV TAO ectb ccpuika Ha knumaT B KpeiMy mo HaOmoneHusM 3a 934 mecsmna c

1821 mo 1991 roxn. Ilo »TMM AaHHBIM CpefHUE TeMmIepaTypsl siHBaps U uiois B Cumdeponone paBHBI
coorBerctBeHHO —0,4° C m +21,2° C. IlpencraBuM miaHeTy, y KOTOPOH OChb BpALEHUS BOKPYT
COOCTBEHHOW OCH TEPIEHAUKYISPHA IUIOCKOCTH COOCTBEHHOW SKIMNTUKU. OIEHUTE, KaKUM JOJKEH
OBITh DKCIIEHTPUCUTET TaKOH OpOMTHI, YTOOBI Ha IJIaHETE OBUIM TaKHE K€ KIIMMATUYECKHE CE30HBI, KaK B
Kpbimy.

5. KocmonaBt. [lpencraBeTe cebe HEOONBIIYI0 KOCMHUYECKYIO CTaHIMIO oO0miei maccoit M = 50 ToHH,

HAXOJAIIYIOCS BIAIH OT Kakux-1u0o HeOecHbIX Ten. KocmonaBT o0melt Mmaccel m = 100 kr (BKiIrOUast
ckadaHap W Tp.) OKaspIBaeTcs Oe3 TorumBa Ha paccrosHUM L =80 M or crannmmu. OueHuTe BpeMms T,
HEOOXOAMMOE€ KOCMOHABTY, YTOOBI JOCTHYb CTAHIIMU OJlarojaps TpaBUTAIMOHHOMY TPHUTKEHUIO.
HavanpHyto ckopocTh KOCMOHABTA MPUHSTH PAaBHOM HYIIIO.
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Theoretical round. Problems to solve

General note. Maybe not all problems have correct questions. Some questions (maybe the main question of the problem, maybe
one of the subquestions) may have no real sense. In this case you have to write in your answer (in English or Russian):
«impossible situation — cutyanus HeBo3mo:kHay. Of course, this answer has to be explained numerically or logically.

Data from the table of planetary data may be used for solving every problem.
The answers «/la-Yes» or «Her-No» has to be written in English or Russian.

1. Circumpolar stars. Usually we consider that there are about 6000 stars in the whole sky which are visible
to the naked eye. The refraction near the horizon is 35'. Find, how many more stars visible to the naked eye
become circumpolar (which means that they never set) due to refraction:

1.1 for observer on the North Pole at zero height position (like Polar Bear in a position with its eyes at
zero height).

1.2 for observer on the Equator at zero height position (like Giraffe with the eyes lowered to zero
level).

In your solution include a picture with an image of the Bear on the ices of North Pole and the Giraffe on
the Equator, and necessary dimensions and/or angular dimensions used.

2. Observation of a star. A star is observed from the Earth. It is found that its magnitude is m; = 2™.74 when
observed at Zenith and m, = 2™.85 when observed at 45° above the horizon. What would the apparent
magnitude my of the star be if observed from above the atmosphere (from a satellite, for example)?

3. Parallax. Like humans, astronomers of Venus use the same method for definitions of parallaxes and of
parsec but measure them in different (their own) units. For example, the distance to Sirius equals to 19.6
vpe (19.6 venusial parsec).

- Describe the most evident system of angular units used by astronomers of Venus.
- Calculate the venusial diurnal parallax of the Sun and write the answer in “vau” (venusial angular units —
the common angular units for astronomers of Venus).

Note: citizens of Venus have two hands (as humans), and 7 fingers at each hand.

4. White dwarf. The absolute stellar magnitude of a white dwarf is 14™. Humanoids create a planet similar to
the Earth by all parameters (including atmosphere and climate) rotating around this white dwarf. Calculate
(estimate) the minimal possible sidereal period of the planet.

5. International Space Station. The graph presents the change in height of the ISS orbit depending on time.
Estimate the average density of the atmosphere at heights around 340-360 km. Consider the orbit to be
circular. The mass of ISS is 362 ton. Consider the cross-section of the ISS-complex to be S =500 m’
(including the sections of the solar cell array).
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3ajaum TeOpeTHYECKOro Typa

O0uree 3amevyanne. He uckiroueHo, 4To HE BO BCEX 33]1a4ax BOIIPOCHI IIOCTaBIEHbI KOPpeKTHO. HekoTopbie BOpocCs!
(BO3MO>KHO, I'TaBHBI BOIIPOC 331241, BO3MOKHO — IIOABOIIPOC) MOT'YT HE UMETh CMbICIA. B 3TOM citydae cienyer
HaIucaTh B OTBeTe (I0-PYCCKH WITK MO-aHTIIMHCKH): « CHTyalldsl HeBO3MO:kHA — impossible situation ». EctecTBenHo,
OTBET JOJKEH OBITh MOAKPEIIEH BHIUMCICHUAMY WIH JOTHYECKUMH PACCYKICHUSIMHU.

I[aHHLIe nu3 Ta6J'II/ILII>I ot tenax CoJHEeYHO CUCTEMBI MOTyT OBITH UCITIOJIE30BAHbBI B THOOOMH 3aaa4dc.
OT1BeETHI «Z[a—Yes» i «HeT-Noy» I101KHBI OBITH HAITUCAHBI HO-PYCCKHU WK HO-aHIIMKACKH.

1. He3axoasiiue 3B€3abl. OOBIYHO CUMTACTCS, YTO Ha BCEM HeOE HEBOOPYKEHHBIM TJIa30M MOXKHO YBUICTh

okosio 6000 3B&3n. Pedpakmus y ropuszonta cocraBiser 35'. Haiinure, Ha CKOJbKO OoJibiie 3BE3N,
BUJUMBIX HEBOOPYKEHHBIM TJ1a30M, CTAaHYT HE3aXOAIMMUMHU Onaronaps pedpaxkiuu:

1.1 nns wabmonatens Ha CeBepHOM MONIOCE, HAXOMAAILIETocs Ha HyneBoil BeicoTe (benbiit Mensens,
MPUKABIIUICS KO JIbAY TaK, YTO €ro IJIa3a OKa3aJluCh Ha HYJIEBOU BBICOTE),

1.2 nns HaOnromarenst Ha AKBaTOpe, HaAXOMASIIErocs Ha HyJeBoil BeicoTe (XKupad c omymeHHbIMU 110
HYJIEBOW BBICOTHI TJIa3aMH).

Pemenune conpoBoaute pucynkom ¢ MeaseneM Haa CeBepHbIM noirocoM U JKupadom Ha 3xkBaTope, Ha
PHUCYHKE JOJKHBI ObITh YKa3aHbI HEOOXOAMMBIE JIMHEHHBIC U/UITH YTIIOBBIE Pa3MEpHI.

2. Haomonenus 3Be3abl. Habmomarens Ha 3emiie uicciieyeT HEKOTOpyro 3Be3ay. [Ipu HabOmonenun e€ B

3eHUTE €€ 3BE3/IHAs BEIMYMHA OKa3ajach paBHOM my =2,74™, a npu BbicoTe 45° HaJ TOPU3OHTOM —
m; =2,85™. Uemy paBHa 3BE3AHAsl BEIMUMHA My ITON 3BE31bl MpU HAOMIOACHUHM BHE aTMocdepsl (co
CIIyTHUKa, Hanpumep)?

3. Mapaanakc. Kak u 3eMisHe, acTpOHOMBbI BeHepbl MCMONB3YIOT TAaKOW € METON I OINpeaeTeHUs

NOHATUI MNapalylakCoB M Mapceka, HO HU3MEpPSAI0T MX B JPYyrux (CBOMX COOCTBEHHBIX) €AMHUIIAX.
Hanpuwmep, paccrostaue 10 Cupuyca paBHo 19,6 Bik (19,6 BeHepuaHCKUX mapcek).
- OnumuTe Hanboee OYEBUIHYIO CHUCTEMY €AMHUI] YIJIOBBIX Pa3MEpOB, HCIIOJIB3YEMbIX aCTPOHOMaMHU
Benepsi.
- BerunciauTe BeHEpHMAaHCKUN TOPU3OHTAIBHBIN (CyTOUHBIN) mapaake CoiHIla, OTBET Aaite B “Bye”
(BEeHEpHAHCKUX YIJIOBBIX €IUHMIIAX).

[Tpumeuanue: y xxuteneit Benepsl 1Be pyku (Kak U y JIF0Jieii), HO 10 7 MaJbleB Ha KaXJI0H pyKe.

4. beawblii kapjauk. AOGcoroTHas 3BE3IHAS BEIMUYMHA HEKOTOPOTO Oesoro kapyimka paBHa 14™. I'ymaHOH bl

CO3JaJIi IUIaHETYy, NOAO0OHyr0 3emie Mo BCeM MapaMeTpaM (BKiIrodas aTtMmocdepy M KIUMar),
o0pallamuyocs BOKPYr 3Toro Oenoro kapiauka. OLeHHTE, KakuM MOKET ObITh MUHUMAaJIbHBIN
CUACPUUYECKUM TIEPUOJ ITOU IIJIAHETHI.

5. MexayHapoaHasi KocMudeckasi cranuus. Ha rpadguke npencraBineHo naMeHeHue BbicoThl osiéra MKC

B 3aBUCUMOCTH OT BpeMeHHU. Cumras OpOUTY KOMIUIEKCAa KPYIOBOW, OIIEHUTE CPEIHION IJIOTHOCTh
atMocepsl Ha BbicoTax mnopsiaka 340-360 km ot 3emmu. Macca MKC cocraBnsier 362 TOHHBI.
[Tonepeunoe ceyeHne Komiiekca (BKItouas COJHEYHbIe OaTtaper) NPUHATH paBHBIM S = 500 M>.
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