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Read once more before you start your work

General note. Maybe not all problems have correct questions. Some questions (maybe the main question of the
problem, maybe one of the subguestions) may make no real sense. In this case you have to write in your answer
(in English or Russian): «impossible situation — cutyaumna HeBo3moxHa». Of course, this answer has to be

explained numerically or logically.
Data from the tables (Planetary data, stars, constants, etc.) may be used for solving every problem.

The answers «a-Yes» or «HeT-No» have to be written in English or Russian.

Eweé pa3 npoynTanmTe nepen Hayanom padboTbl

O6uiee 3ameyaHue. He vcknoYeHo, YTO HE BO BCEX 3ajavax BOMPOCH! NOCTaBNEHbl KOPPeKTHO. HekoTopkle
BOMpPOCH! (BO3MOXHO, TMaBHbI BONPOC 3a4a4u, BO3MOXHO — NOABONPOC) MOFYT He MMeTb cMbicna. B aTom
crnyyae crneayeT HanucaTtb B OTBETE (MO-PYCCKU UK NO-aHIMNACKN): «CUTyauus HeBO3MOXHa — impossible
situation». EctecTBeHHO, OTBET J0SKEH ObITb NOAKPENNEH BbIMUCIIEHUSIMU UM NIOTUYECKUMU PACCYXKAEHUAMM.

[aHHble u3 Ta6J1ML| (COJ'IHe‘-IHaFI cucTema, 3Bé3abl, KOHCTaHTbI) MOoryT ObITb CMONb30BaHbI B N0OON 3afade.

OtBeThbl «da-Yes» nnu «Het-No» gomkHbl ObITb HANMCaHbI NO-PYCCKN UMW NO-aHIMUNCKHU.

Poccusa, TatapctaH, KasaHb 2015 Kazan, Tatarstan, Russia
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Requirements:

— Languages of the solutions. (For Practical and also for Observational rounds).
No text in any language is permitted to use in solutions. All the solution must be
written using only drawing pictures, plotting graph, writing formulae, numerical values
and standard international astronomy symbols (like &, £, o UMa, M31, 5™).
Numerical values must be written using standard symbols but not symbols of National
alphabet. Jury of the Practical round will not take into account any text in any
language in solution.

For example, the names of constellations, written in English, Russian or any
other language will be not taken into account (should be only UMa, Ori, etc.).

TpeboBanus:

— S3bIkn HanucaHuA peleHUn 3agad. (Ha npakmuyeckom u HabnwdamesribHOM
mypax). TeKCTbl B peLleHnsx He JornycKatoTcs (HU Ha KakoM s3bike). Bce pelueHus
AOJKHbI CoOAepKaTb TONbKO PUCYHKU, rpadpukn, opmMyribl, YUCNEHHbIE 3HAYEHUS U
cTaHAapTHble MeXayHapoaHble aCTPOHOMMYECKME CUMBOSIbI (TakMe kak &, <X,
a UMa, M31, 5™). Lndppbl AOMKHbI GbITb HanMcaHbl CTaHAapTHbIMU CUMBONAMK (He
CMMBOMNaMu HauuMoHanbHoro andgasuTa). >Kiopu npakTuyeckoro Typa He byaer
Yy4UTbIBATb Kakne-nmbo TeKCTbl (Ha NMobOM A3bIKE) B pELLEHUMN.

Hanpumep, He yunTbiBalOTCA Ha3BaHUA CO3BE34UN, HanMcaHHbIe Ha
aHINIMMNCKOM, PYCCKOM UIM MHOM A3blke (JOMMKHO 6bITh Tonbko UMa, Ori u T.4.).
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6. DKCTUHKUMA B 3eMHOM aTtmocdepe.

OKCTUHKUMEN B acTpPOHOMWUWM HasblBalOT ocrnabneHve cBeTa 3a CYET €ero MNOrnoLlweHus u
paccesaHus.

Ana undydeHuss aTMOC(PEpPHON SKCTUHKLMM B CUHUX Nyyax B obcepBaTtopuu JOHrenbrapara B
TedeHMe OOHOW HouM Habnoganacb 3Be3da Ha pasHbiX  3EHUTHbIX  paccTosHusx. [Ons
XapaKTepUCTUKN MOrmMoOLEHNA cBeTa acTPOHOMbl UCMOMb3yT napameTp X — BO3gyliHas macca,
KOTOpbIA XapakTepu3yeTtca OTHOCUTENbHOW ANWHOW nyTn nyva B atmocdepe. pun atom X =1 B
sennTe, anst z = 30° X =2/3Y% gnaz=60° X=2ur.4.

OnpepgeneHne 6necka 3Be3fbl BENOCb METOAOM CYETA (POTOHOB — B TPETbEW KOMOHKE AaHbl
ynucna N — Ynucno POTOHOB, 3aperncTpMpoOBaHHbLIX annapaTypou B

cekyHay. [Ona kanubpoBkM OaHHbIX HabnwogeHu B oTomeTpe z X n Amb
nNpeaycMOTPEH JIIOMUHECLIEHTHBIN UCTOYHMK, AatoLWni cTabunbHbIN 39,7 15135
notok ¢otoHoB N =9900 + 100 B cekyHay, uto cootsetcTByer | 45,6 13816
3aaTMocdepHO 3BE3aHON BenuunHe mb = 9,64™. 49,5 13180

6.1. Hapucynte B TeTpaam Tabnuuy, aHanornyHyo npmBegEHHON 53,0 12246
cnpaea. Bblumcnute BO3QylHbIE MacCbl ANS MPUBELEHHBLIX B 54,9 11800
NepBOM KONMOHKE 3EHUTHbIX PacCTOSHUKW, pe3ynbTaT 3anuwnte BO 58,2 10089
BTOPYHO KOJTOHKY.

6.2. Bblumcnnte oTHOCUMTENbHYIO (OTHOCUTENBHO CTaHA4apTa, KOTOPbIM ABMSETCS
MIOMUHECLEHTHbIN UCTOYHUK) 3BE3AHYI0 BennynHy o6bekta Amb (blue) ans npuBegéHHbIX
HabnAeHUN, pe3ynbTaTt BNMWNTE B YETBEPTYHO KOMOHKY.

6.3. padnyeckum meToaoM HanamTe (PyHKUMOHANbHYK 3aBUCUMOCTb Mexay Amb n X.

6.4. Onpegenute, Kakyto 3BE34HYIO BENMYUHY MMerna Obl uccnegyemas 3sesqa B 3eHUTE.

7. lMNMepemeHHasn 3Be3aa.

Ha Poccuincko-Typeukom Teneckone PTT-150 B 2003 roay JD my
n3yyanacb nepemMeHHasi 3Besga. B nepsbii pa3 HabnwgeHus Benucb | 2452805,3543 16,67
uenyto Hoyb, cm. Tabnuuy 1. B gpyrne Houm Oneck nepemeHHou 2452805,3712 16,57
onpenenancs ann3oguyeckn U B HOYM 2—5 Oblnn NonyyYyeHbl MOMEHTHI 2452805,3869 16,03
MaKkcMmarnbHOro 3HadeHus 6Gnecka, pasHoro 15,59™, cm. Tabnuuy 2. 2452805,4026 15,69
Bpems gaHo B tonunaHckux aHax (JD), 6neck 3Be3fbl — B XEMTbIX fyyax 2452805,4161 15,59
(my). 2452805,4512 15,80

7.1. lMocTtponTe KpuByto Brecka nepeMeHHoNn (3aBUCUMOCTb 3BE3OHON 2452805,5152 16,14
BENNYUHBI OT BpPEMeHM), onpedenvte MOMEHT MakcMMmyma B nepsyto | 2452805,5848 16,32
HOYb, 3anMLINTE OTBET (B KONIMAHCKUX OHAX) B BUAE «To = ...». 2452805,6676 16,58

7.2. Wcnonb3ya paHHble gcex 5 Hodelt HabnogeHwui, onpepenute | 2452805,7734 16,68
nepuoa  nepemeHHoW 3Be3dbl. [log  nepuodooM  nepemeHHoctn | 2452805,8421 16,63
MOHMMAeTCA MHTepBan BpeMeHW, KOTOopbli  npoxoauT Mexay | 2452805,8643 16,62
6nvxkaniumnMmn (nocneaoBaTternbHbIMKM) Makcumymamu Grnecka (B gaHHom | 2452805,9068 16,73
cnyyae). Ha npakTuke acTpOHOMbI 4Yalle BCEero He 3HaloT, CKONbKO N IDmax My
nepnogoB MNpPOLSo OT OgHOro HabnwgaeMoro MakcuMmyma OO ApYroro, 1 15 59
NMOCKOSIbKY He Kaxaykw Houb ObiBaeT xopowas noroaa, n Mexay 55 4528305089 15:59
HabnogaeMbiMn MakcMmymamm MoXxeT npom.m HEeCKOJSTbKO Nepmnoaos. 3 [2452831.5772|15.50

7.3. Onpegenute TN NepeMeHHON 3Be3abl: 3aTMeHHasi (HanucaTb no-
aHrnunckn Eclipsing) wnn nynbcupyowas (mnu Pulsating) 4 12452839,5858 15,59

' 5 [2452854,5340| 15,59
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NMongeHb Ha Onumnuape. Buyepa, 16 oktabpsa 2015 r., BepxHAa KynbMuHauma ConHua B

mMecTe nposegeHna Onumnuagbl B 11:29:43 MecTHOro BpemMeHu. Bblumcnute Hackomnbko

BO3MOXHO TOYHO, B Kakoe BpeMsi BepXHASA KynbMunHaumsa ConHua byaet (mnm 6bina) cerogHs.
OuenunTte pasHuuy Ah BbicoTbl CorHUa B KyNbMUHaUUM BYEPA N CErOaHS.

3aTtmMeHMe Ha nontwcax. benoin MegBeab M [MMHMBMH €  npownbix MexayHapoaHbIX
aCTPOHOMMYECKUX ONUMMMag BO3BpaTUNIMCb Ha CBOWM nonca (CeBepHbi U HOXHbIN
COOTBETCTBEHHO) M pelunnun npoHabniogatb KonbLeobpasHoe CONMHeYHoe 3aTMEHUE. MUHrBUHY
NnocCYacTIMBUITIOCb, U OH YBUAEN YOMBUTENbHYIO KapTUHY: MPY MakcuMasnbHOW hase 3aTMeHus
TOYHO Ha BUAMMOM FOPM30OHTE OKa3anncb LIEHTPbI Kak COSTHEYHOrO, Tak MU NIyHHOro gucka. A 4to
B 9T0 Bpemda Habnogan Measeab? Hapucymnte, 4to yeuaen benbin Megsenb B 9TOT MOMEHT, a
TakKe HaHecuTe MYHKTUPOM UCTUHHblE nonoxeHust ConHua n JlyHel. ®opmy 3emnu cumtatb
cthepunyeckon. Ha pucyHke [JOMKHO ObiTb XydoXecTBeHHOoe usobpaxeHne Mepgseass Ha
CEBEPHOM MOMCe, a TakKe yKasaHbl HeobXoAMMbIE FMHEWHbIE WNW YIAOBble pasMepbl.
Heobxognmble cBegeHns 0 XXUBOTHbLIX BCIOMHUTE CaMMU.

TecHoe coeguHeHue. Yepe3 HEKOTOpPOE BpeMsA nocrie cobbITUin, ONUCaHHbIX B NpeablayLwen
3agaye (HO HWKTO He 3HaeT Aaxe MaclTad 3TOro HEKOTOPOro BPEMEHUM — MUHYThI, Yacbl, AHU
unu rogpl...), BeHepa B TOYKe BOCTOYHOM 3MIOHrauUMM BCTyNMNa B TECHOE COEAMHEHME C
Mapcom, HaxoguBLiMmca BONM3M Toukm adenua csoen opbutbl. OQHOBPEMEHHO C 3TUM Ha
3emne Habnganocb NONHOE NyHHOE 3aTMEHMe.

3.1. Hapucyinte 4yepTéx, COOTBETCTBYIOLLMA JAHHOW CUTYyaLMN.

3.2. O6bsACHMTE, Kakoe XMBOTHOE (OHM CUOAT Ha Tex >Xe Mnoncax) MOorno yBuMaeTb 3TO
nyHHoe 3aTtmeHune. (3akoHunTte Bawe obbsacHeHne otBeToM B+ nnu B— onsa Megeeas n P+ nnn
P— onga MNMuHremHa). MNpuBeTCTBYETCA XyAOXKECTBEHHOE N306paXeHne Habnt4aoLWMX XKUBOTHbIX.

3.3. Bbluncnute, B kakoM co3Be3aun Habnoganacb 3aTeMHEHHaA JlyHa.

3.4. OueHuTe, 4Yepes Kakoe MUMHMMANbHOE BPEMSI MOCMe CUTyauuu, ONUCAHHOW B YCrOBUK
NPOLUNOM 3a4a4un, Morfa BO3HUKHYTb CUTyauusl, OoNMcCaHHas B YCIOBUWM 3TOW 3a4auu.

Cos3Besgune benoro bapca. CornacHo [OpeBHEW CpPeOHEBOSDKCKOW fereHge B [Oanékom
npownom Ha Hebe cyulecTBoBano co3sesgne benoro bapca (White Leopard — Pardus Album),
4yucno 3Bé3a B KOTOPOM ObINO B TOYHOCTN paBHO uucry BykB rpedeckoro andgasuta, U 3B€3abl
3TN Menu BenuuuHel o PaA — +0,10™, B PaA — +0,20", y PaA — +0,30", § PaA — +0,40™ u Tak
panee ¢ ysenuyeHvemM Ha 0,10™ Bnnotb A0 ® PaA. Bbluucniute CyMMapHyl0 3BE3[HYIO
BEMWYMNHY 3BE3[ 9TOro CO3BE3aUS.

CnupanbHasa ranaktuka. B cossesgum HOxHoro Kpecta (Crux) oGHapyxeHa cnvpanbHas
ranakTtuka, cCocTosilasn 13 3B€3/ cnekTparnbHbIX KnaccoB A7-A8. Ha Hebe ranaktuka BuaHa Kak
annunc c¢ pasmepamu okono 40 x 30 yrn. cekyHa. B cnektpe ranakTtukM Ha AnvHax BOJSH
npumepHo oT 7054 A pgo 7057 A Habniogaetcs ywmpeHHaa numHua Ha. Takxe
NPONOPLUMOHAnbHO CMELLEHbI U YLLMPEHbI 1 Apyrine NuHun. OueHnTe YNCNOo 3BE3 B ranakTuke.
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MongeHb Ha Onumnuapge. Buepa, 16 oktabps 2015 r., BepxHAA KynbmuHaums ConHua B
mMecTe npoBegeHuss Onumnunaabl B 11:29:43 MeCTHOro BpeMeHW. BbluMcnnTe HacCKONbKO
BO3MOXHO TOYHO, B Kakoe Bpemsi BepxHas KynbMuHaums ConHua ©OygeTr (unu 6bina)
cerogHs.

OueHuTe pasHuuy Ah BbicoTbl ConHua B KynbMUHaLUMM BYEpa N CErogHs.

. 3aTMeHuMe Ha nonwcax. benbin Megeeab u TMuHBMH € npownbix MexayHapoaHbIX
aCTPOHOMWYECKMX ONnuMNMaz BO3BPATUIMCL Ha CBOW Montoca (CEBEPHbIN U HOXKHbIN
COOTBETCTBEHHO) W pewunn npoHabniogaTbe KomnbleobpasHoe CONMHeYyHoe 3aTMEHKeE.
[MMHrBMHY NoOCYacCTNMBUNOCL, U OH YBUAEN YOUBUTENbHYIO KapTUHY: NpU MakcUMarbHOW
drase 3aTMEHUA TOYHO Ha BUMAMMOM FOPU3OHTE OKasasiMCb LEHTPbl Kak COSTHEYHOro, TakK u
NyHHOro aucka. A 4to B 3TO Bpems Habnwogan Measeab? Hapucynte, 4to yBuaen benbin
MepgBsenb B 9TOT MOMEHT, a TakXe HaHecuTe MYHKTUPOM UCTUHHbIE nonoxeHust ConHua u
NyHbl. ®opmy 3emnu cuntatb cepmyeckon. Ha pucyHke OOSMKHO OblTb Xy4OXeCTBEHHOEe
n3obpaxeHne Measeas Ha CeBEpHOM MOMKOCe, a TakkKe ykasaHbl HeobxoauMble NMHENHbIEe
unu yrnoeble pa3mMmepbl. Heobxoanmble cBegeHUS O XXMBOTHbBIX BCMIOMHUTE CaMu.

. TecHoe coeguHeHue. Yepe3 HeEKOTOpoOe BpeMs Mocre CcobbITUA, OMUCAHHbLIX B
npegblaywen 3agade (HO HUKTO He 3HaeT faxe macltab 3Toro HeKOTOPOro BPEMEHU —
MUWHYTbI, Yacbl, AHW UNK rogsbl...), BeHepa B TOUKe BOCTOYHOM 3f10Hrauum BCTynumia B TECHOe
coeanHeHme ¢ Mapcom, HaxoguBwmmca BONM3M ToukM adenua cBoen opbuThl.
OgHoBpPEMEHHO € 3TUM Ha 3emre Habnganock NOsHOE NyHHOE 3aTMEHMe.

3.1. HapucyinTte 4yepTéx, COOTBETCTBYIOLUNUN JAHHOW CUTYaLUN.

3.2. O6bACHUTE, KaKoe XMBOTHOE (OHM CUOAT Ha TeX e Mosicax) Morfo yBuaeTb aTo
nyHHoe 3aTMeHue. (3akoHunTe Bawe obbsacHeHne oTBeToM B+ unu B— gnsa Measensa n P+
unn P— gna lMNuHreuHa). NpuBeTcTBYyeTCA XyOoXeCTBEHHoe un3obpaxeHue Habnogarowmx
>KNBOTHBIX.

3.3. Bblumcnute, B kKakoM co3Be3auun Habnroganack 3ateMHEHHada JlyHa.

3.4. OugeHunTe, Yepes Kakoe MUHUMAanbHOE BPEMS MOCMNE CUTyaLMu, ONUCAHHOW B YCIOBUU
NpoLUNon 3agayn, Morna BO3HMKHYTb CUTyaunsd, onncaHHasi B yCrnoBuUn 3TOM 3agauun.

. Anbcpa LeHTaBpa. Boiuncnnte, kakas 3Besga manydaet Oonblue aHeprumn: ConHue wunu
Anbdra LleHtaBpa A+B.

. [BWXXeHue cnyTHUKa. VICKYCCTBEHHbIA CMyTHUK 3eMnn, NeTawmn no dKBaTopuanbHOn
HEMHOro aNnUNTUYECKon opbuTe, NPOLWEN TOYKy nepures Ha BbicoTe Hp =428,0 KM OT
NOBEPXHOCTU MMPOBOrO OKeaHa; ero CKOpoCTb B 3TOT MOMeHT Ha 0,6 % npeBbiwana
KPYroByr0 CKOPOCTb AS11 AaHHOM TOYKU. Yepe3 Kakoe BpeMsi CryTHUK LOCTUIHET BbICOTbI
Hi = 498,0 km?

Poccusa, TatapctaH, KasaHb 2015 Kazan, Tatarstan, Russia
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6. DKCTUHKUMA B 3eMHOM aTMmocdepe.

OKCTUHKUMEN B acTpPOHOMWUW HasblBalOT ocrabneHve cBeTa 3a CYET €ero MNornoweHus u
paccesaHus.

Ana un3dydeHuss aTMOC(PEpPHON SKCTUHKLMM B CUHUX Nydax B obcepBaTtopuu JOHrenbrapara B
TedeHMe OOHOW HouM Habnwganacb 3Be3da Ha pasHblX  3EHUTHbIX  paccTosHusx. [Ons
XapaKTepUCTUKN MOrmMOLEHNA cBeTa acTPOHOMbl UCMOMb3yT napameTp X — BO3gyllHas macca,
KOTOpbIA XapakTepu3yeTca OTHOCUTENbHOW ANWHOW nyTn nyda B atmocdepe. [pun atom X =1 B
sennTe, anst z = 30° X =2/3Y% gnaz=60° X=2ur.4.

OnpepgeneHne 6necka 3Be3fbl BENOCb METOAOM CYETA (POTOHOB — B TPETbEW KOMOHKE AaHbl

4yyucna n — 4ymcno CbOTOHOB, 3aperncTpmnpoBaHHbIX annapaTypon B

cekyHay. [Ona kanubpoBkM OaHHbIX HabnwogeHu B oTomeTpe z X n Amb
nNpeaycMOTPEH JIIOMUHECLIEHTHBIN UCTOYHMK, AatoWwmni cTabunbHbIN 39,7 15135
notok ¢otoHoB N =9900 + 100 B cekyHay, 4yTo cootBetctByeT | 45,6 13816
3aaTMocdepHo 3BE3aHON BenuunHe mb = 9,64™. 49,5 13180

6.1. Hapucynte B TeTpaam Tabnuuy, aHanornyHyo npmBegEHHON 53,0 12246
crnpaBa. BblumMcnute BO3AylWHbIE Maccbl ANS NPUBEOEHHbIX B 54,9 11800
NepBOM KONMOHKE 3EHUTHbIX PacCTOSHUKW, pe3ynbTaT 3anuwnte BO 58,2 10089

BTOPYHO KOJTOHKY.

6.2. Bblumcnnte oTHOCUMTENbHYIO (OTHOCUTENBHO CTaHA4apTa, KOTOPbIM ABMSETCS
MIOMUHECLEHTHBIN UCTOYHUK) 3BE3AHYI0 BennynHy o6bekta Amb (blue) ans npuBegéHHbIX
HabnAeHUN, pe3ynbTaTt BNMWKNUTE B YETBEPTYHO KOMOHKY.

6.3. 'padnyeckum meToaoM HanamTe (PyHKUMOHANbHYKO 3aBUCUMOCTb Mexay Amb n X.

6.4. Onpegenute, Kakyto 3BE3HYIO BENMYNHY MMmerna Obl uccnegyemas 3sesqa B 3eHUTE.

7. CneKkTpanbHble HabnaeHNs.

AcTpoHOM Habniogan OaHy W Ty Xe OAWHOYHYHK 3Besfy, noryyas Ha nonytopameTpoBOM
Teneckone K®Y PTT-150 eé cnekTpbl B TedyeHue roga. [lonyyeHHble cnekTporpaMmmbl C yKasaHuem
MOMEHTOB HabnogeHnn NpeanoXeHbl Bam s aHanuaa (CM. Ha OTAeNbHOM NucTe).

Mo ocu abcumcc oTnoXeHa ANMHA BOMHbI, MO OCU OpPAMHAT — WMHTEHCMBHOCTb B YCMOBHbIX
eomHuuax. CnekTpbl cMmelleHbl Mo ocu Y ans HarnggHocTu. YKMpHOM NUHMEN BbiOeNeH TOT Xe
y4acTOK CneKTpa ¢ ANnHamun BOSfH B nabopaTopHOW cucteme.

[na nNoBbIWEHUA TOYHOCTU pPe3ynbTaToB pPeKoMeHAyeTCs U3MepUTb MUHUMYM [OBE NUHUN B
crnekTpe.

parta A(n3mep) AA Vr

7.1. Hapucynte Tabnuuy no npuseaéHHOMY Bbilwe obpasy (ctonbubl 2, 3, 4 AOMKHbI NOBTOPATLCS
CTONMbKO pas, CKOMbKO NIMHMK Bbl UCMONb3yeTe AN u3MepeHun). Bbluncnvte nyyeByto CKOPOCTb
3Be3abl VI Ha Kaxayto AaaTty, pe3ynbTaTbl U3MepeHnin 1 BbIYUCNEHNA 3aHecuTe B Tabnuuy.

7.2. TocTpounTe KpUBYIO Ny4eBbIX CKOPOCTEN — rpadduK 3aBUCUMOCTU VI OT BPEMEHM.

7.3. Onpegenute aKBaTopuarbHble KOOPANHATLI 3BE3Abl.

7.4. YKaxuTe TOYHOCTb BalUMX U3MEPEHUN JSTy4eBOW CKOPOCTU 3BE3bl.
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Theoretical round. Problems to solve

1. Noon at the Olympiad. Yesterday, on October 16, 2015, the upper culmination of the
Sun at the venue of the Olympiad was at 11:29:43 local time. Calculate as accurate as
possible at what time the upper culmination of the Sun will be (or was) today.

Estimate the difference Ah in the height of the Sun at the culminations yesterday and
today.

2. Eclipse on the Poles. The White Bear and the Penguin from the previous International
Astronomy Olympiads returned to their poles (North and South respectively), and decided
to observe an annular solar eclipse. The Penguin was lucky to see an amazing picture: at
the maximum phase of the eclipse the centres of both discs, solar and lunar, appeared
just on the visible horizon. And what did the Bear observe at this time? Draw what the
White Bear saw at that moment, and also contour by dotted line the true positions of the
Sun and the Moon. Assume that the Earth is spherical. The drawing should include an
artistic picture with an image of the Bear on North Pole; necessary sizes or angular sizes
should be pointed out in the picture. Recollect for yourself the necessary information
about the animals.

3. Close conjunction. Some time after the events described in the previous problem
(nobody knows even the order of magnitude how long after — minutes, or hours, or days,
or years ...), Venus at the point of eastern elongation came to close conjunction with
Mars, which was located near the aphelion of its orbit. At the same time a total lunar
eclipse occurred on the Earth.

3.1. Draw the corresponding scheme.

3.2. Explain, which animal (sitting at the same poles) may see this lunar eclipse. (At the
very end of your explanation write as answer B+ or B— for the Bear and P+ or P- for the
Penguin.) An artistic picture of the observations of the animals is welcome.

3.3. Calculate in which constellation the eclipsed Moon was observed.

3.4. Estimate minimal possible time passed from the situation of the previous problem
to the situation of the current one.

4. Alpha Centauri. Calculate, which star emits more energy: the Sun or Alpha Centauri
A+B.

5. Motion of a satellite. An artificial satellite, moving in equatorial, slightly elliptical orbit
passed the perigee point at the height of Hp = 428.0 km from the sea level; and its speed
at the point was 0.6% higher than the circumferential velocity of the given point. Find the
time after which the satellite will reach the height H; = 498.0 km?

Poccusa, TatapctaH, KasaHb 2015 Kazan, Tatarstan, Russia
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Practical round. Problems to solve

6. The extinction in terrestrial atmosphere.

Extinction is a term used in astronomy to describe light attenuation due to its absorption and
scattering.

A star was observed at different zenith distances during one night at the Engelgardt's
Astronomical Observatory in the program of atmospheric extinction study at blue. Astronomers use
parameter X, air mass, as an extinction characteristic. This parameter corresponds to relative length
of the ray’s way in the atmosphere. That means X = 1 for zenith, X = 2/3"? for z =30° X = 2 for
z = 60° and so on.

The determination of the star’s brightness was performed with the method of photon counting.

The 3" column includes number n — the quantity of photons which

were detected during one second. A luminescent source was used z X n Amb
for calibration the data of observations. It produces a stable flow of 39.7 15135
photons N = 9900 + 100 per second, which is equal to magnitude | 45.6 13816
mb = 9.64" beyond the terrestrial atmosphere. 49.5 13180

6.1. Draw the table (similar to that you see right) in your answer 53.0 12246
book. Calculate the air mass for given zenith distances in 1° 54.9 11800
column, and write the result into the 2" column. 58.2 10089

6.2. Calculate relative magnitude of the star Amb (blue), and
write the result into the 4™ column. Use the luminescent source as standard for the relative
magnitudes.

6.3. Find functional relation between Amb and X with a help of graphical method.

6.4. Determine the magnitude of this star as it was observed in zenith.

7. Variable star.

A variable star was explored at the RTT-150 Russian-Turkish JD my
telescope in 2003. The observations were performed during whole night | 2452805.3543 16.67
at the first time, the 1°' table. The brightness of the variable star was | 2452805.3712 16.57
measured occasionally during the other nights, and moments of maximal | 2452805.3869 16.03
values of brightness (15.59™) were received on nights 2-5, the 2" table. | 2452805.4026 15.69
The time is in Julian days, and my is the yellow spectral colour | 2452805.4161 15.59
magnitude. 2452805.4512 15.80

7.1. Plot the light curve (magnitude vs time function), determine the | 2452805.5152 16.14
moment of maximum in the first night and write result (in Julian days) in | 2452805.5848 16.32
form of «Tg = ...». 2452805.6676 16.58

7.2. Calculate the period of the variable star using the data of all 5 | 2452805.7734 16.68
nights. Here period means the time between two closest maximums of | 2452805.8421 16.63
the brightness. But actually astronomers usually do not know how many | 2452805.8643 16.62
periods were passed between two observed maximums, because | 2452805.9068 16.73
appropriate weather can not be same every day and a few periods can [ IDmMax My
pass between two observed maximums. 1 15.59

7.3. What type of variable star is this — eclipsing binary or pulsating 2 [2452830.5089 | 15.59
variable star. (Write in English: Eclipsing or Pulsating respectively.) 3 |2452831.5772| 1559

4 12452839.5858|15.59
5 12452854.5340]15.59
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Theoretical round. Problems to solve

1. Noon at the Olympiad. Yesterday, on October 16, 2015, the upper culmination of the Sun at
the venue of the Olympiad was at 11:29:43 local time. Calculate as accurate as possible at what
time the upper culmination of the Sun will be (or was) today.

Estimate the difference Ah in the height of the Sun at the culminations yesterday and today.

2. Eclipse on the Poles. The White Bear and the Penguin from the previous International
Astronomy Olympiads returned to their poles (North and South respectively), and decided to
observe an annular solar eclipse. The Penguin was lucky to see an amazing picture: at the
maximum phase of the eclipse the centres of both discs, solar and lunar, appeared just on the
visible horizon. And what did the Bear observe at this time? Draw what the White Bear saw at
that moment, and also contour by dotted line the true positions of the Sun and the Moon.
Assume that the Earth is spherical. The drawing should include an artistic picture with an image
of the Bear on North Pole; necessary sizes or angular sizes should be pointed out in the picture.
Recollect for yourself the necessary information about the animals.

3. Close conjunction. Some time after the events described in the previous problem (nobody
knows even the order of magnitude how long after — minutes, or hours, or days, or years ...),
Venus at the point of eastern elongation came to close conjunction with Mars, which was
located near the aphelion of its orbit. At the same time a total lunar eclipse occurred on the
Earth.

3.1. Draw the corresponding scheme.

3.2. Explain, which animal (sitting at the same poles) may see this lunar eclipse. (At the very
end of your explanation write as answer B+ or B— for the Bear and P+ or P-— for the Penguin.)
An artistic picture of the observations of the animals is welcome.

3.3. Calculate in which constellation the eclipsed Moon was observed.

3.4. Estimate minimal possible time passed from the situation of the previous problem to the
situation of the current one.

4. Constellation of White Leopard. According to an ancient legend of Middle Volga there was a
constellation called White Leopard (benbin Bapc — Pardus Album) in the sky in the very past, in
which the number of stars were exactly equal to the number of letters in the Greek alphabet,
and the stars had magnitudes o PaA — +0.10", B PaA — +0.20", y PaA — +0.30™, § PaA —
+0.40™, and so on with adding 0.10™ till ® PaA. Calculate the total magnitude of the stars of this
constellation.

5. Spiral galaxy. A spiral galaxy consisting mainly of A7-A8 spectral class stars was discovered in
the Southern Cross (Crux) constellation. The galaxy may be seen as oval of about
40 by 30 arcsec in the sky. The broadened Ha line is observed at wavelengths approximately
from 7054 A to 7057 A in the spectrum of the galaxy. Other lines in the spectrum are also
shifted and broadened proportionally. Estimate the number of stars in the galaxy.

Poccusa, TatapctaH, KasaHb 2015 Kazan, Tatarstan, Russia
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Practical round. Problems to solve

6. The extinction in terrestrial atmosphere.

Extinction is a term used in astronomy to describe light attenuation due to its absorption and
scattering.

A star was observed at different zenith distances during one night at the Engelgardt's
Astronomical Observatory in the program of atmospheric extinction study at blue. Astronomers use
parameter X, air mass, as an extinction characteristic. This parameter corresponds to relative length
of the ray’s way in the atmosphere. That means X =1 for zenith, X = 2/3? for z = 30% X = 2 for
z = 60° and so on.

The determination of the star’s brightness was performed with the method of photon counting.
The 3" column includes number n — the quantity of photons which

were detected during one second. A luminescent source was used z X n Amb
for calibration the data of observations. It produces a stable flow of | 397 15135
photons N = 9900 + 100 per second, which is equal to magnitude | 45.6 13816
mb = 9.64™ beyond the terrestrial atmosphere. 49.5 13180

6.1. Draw the table (similar to that you see right) in your answer 53.0 12246
book. Calculate the air mass for given zenith distances in 1% 54.9 11800
column, and write the result into the 2" column. 58.2 10089

6.2. Calculate relative magnitude of the star Amb (blue), and
write the result into the 4™ column. Use the luminescent source as standard for the relative
magnitudes.

6.3. Find functional relation between Amb and X with a help of graphical method.

6.4. Determine the magnitude of this star as it was observed in zenith.

Practical round. Problems to solve

7. Spectral observations.

Astronomer performed spectral observations of a single star at the one and a half meter KFU
telescope RTT-150 during a year. The spectrograms with marks of observation time are given to you
for analysis (see separate sheet).

The abscissa is wavelength, the ordinate is intensity in arbitrary units. Spectra are shifted by Y-
axis for better visibility. The same spectrum with laboratory wavelengths is drawn by the bold line.

It's recommended to measure at least two spectral lines for better accuracy.

date A(measur) AN Vr

7.1. Draw a table in form of the above example (columns 2, 3, 4 must be replicated as much, as
many lines you measured). Calculate the radial velocity Vr of the star on each date, the results of
measurements and write calculations into the table.

7.2. Plot the radial velocity curve, the graph of Vr vs time function.

7.3. Find equatorial coordinates of the star.

7.4. Indicate the accuracy of radial velocity in your measurements.

Poccusa, TatapctaH, KasaHb 2015 Kazan, Tatarstan, Russia
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‘9" ’ language Y
Code of participant Kod yyacmHuka Draw number Homep o xepebbéeke

Bonpocbl HabnogaTenbHOro Typa.
MNnaHeTapun

8. JlyHa.
3 MuHYTbl Bam gaértca Ha yTeHue 3agaHus.
3aTeM B TeyeHune npumepHo 4 MUHyT ByaeT ABaxabl NPOLEMOHCTPUpOBaHa
YCKOPEHHas aHnMaums aBumxeHns JlyHbl,

NpPUYEM BTOPOM pa3s — C nay3amu B
HavarnbHOW U KOHEYHOW KOHpUrypaumm.

3atem y Bac ectb 2 MuHyThHI Ha
HanvcaHue oTBeTa.

Omeem:

Onpepenute mecsiy HabnoaeHUN.

9. [IBM>KeHne nnaHer.
2,5 MnHYyTbLlI Bam gaéTtcsa Ha YTeHue 3agaHun4.

3aTeM B TeYyeHune NpMMepHo 5 MuHyT OyaeTt ABaxabl NPO4EMOHCTPUpPOBaHa
YCKOpPEHHas aHnMmaums asmxeHns ConHua n nnaHeT OTHOCUTENbHO 3BE3/, BTOPOWN
pa3 — Cc nay3amu B Ha4asribHOW U KOHEYHOW KOHJourypaumn.

3aTtem y Bac eCTb 2 MUHYTbI Ha HanNUcaHne OTBETOB.

Omeem:
9.1. Onpenenute NpuMepHble (C
TOYHOCTbIO 4O Heaenu) gatol
Hayana un KoHua nokasa.

Omeem:

9.2. HazosuTe co3Be3aus (Mx
cTaHgapTHble TPEXOYKBEHHbIE
0603Ha4YeHns), N0 KOTOPbIM
aswxyTtca Mapc v BeHepa.
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Code of participant Kod yyacmHuka

Bonpockl HabngaTtenbHOro Typa.
O6bna4vyHoe HeboO

HabnrodeHus1 8 meneckon

10. OwuepTaHue.

HepasHO acTpoOHOMbI OB6HapPYXMNK

HOBOE paccesiHHOe 3BE3QHOE CKOorMmeHune.
10.1. HaBeguTte Teneckon Ha ero Komnwuto.
3apucynte KoHUrypauuo «3BE3ay.

Draw number Homep no xepebréeke

Observational round. Questions.
Cloudy sky

Observations with telescope

10. Outline.

Recently, astronomers have
discovered a new open cluster.

10.1. Point the telescope to its copy.
Draw configuration of the «stars».

Omeem:

Answer

10.2. OguH 13 acTpOHOMOB y3Has B
oYepTaHMUsX CKONSIEHNSA 3HAaKOMOoe
co3Besgue. HanvwuTe ero craHgapTHoe
TpEéxOyKkBEHHOE 0D03HaYeHMeE.

10.2. One of astronomers recognized
familiar constellation in the outlines of
the cluster. Write the standard three-
letter designation of that constellation.

Omeem:

Answer

MakcumaribHoe 8peMsi 8bINOTHEHUS
3adaHusi — 11 MmuHym.

The maximum total time for all tasks
is 11 minutes.
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AneMeHTbl opouUT U dnanyeckue xapaktepucTuku nnaHet, ConHua u JlyHbl

Parameters of orbits and physical characteristics of planets, Sun and Moon

CpenHee Cwunaepuyeckun SkKc- 3OkBaTO- Cpea- | Yckop. Makc.
HebecHoe paccTosHue oT nepuog obpatleHus LieH- puarnbH. Macca HAA cBODO. oneck,
Teno, LEeHTparibHOoro rena Tpucu- anameTp nnoT- nag. BUA. C Anb-
nnaHeTa B B B 3 TeT, HOCTI; y I'IO?. 3e*l\’/CI)J'IVI 66,0,0
acmp. MJIH. mponu4. | cpedHux
ea. KM 200ax cymkax e km 10" ke | &M m/c
Average distance to Sidereal Ec- Equat. Av. Grav. Max.
Body, central body (or analogous) period | centri- | diameter Mass den- | acceler. | magn. Al-
planet in |In in | ] city sity3 at sug. IfEroer1 bedo
astr. min. tropical in 24 art
units km years days e km 10" kg | glem | mis **)
gSQHHe 1,6:10° | 2,5-10" | 2,2:108 8-10™ 1392000 | 1989000 | 1,409 -26,8"
Mgfgg@“"' 0,387 57,9 0,241 87,969 | 0,206 4879 | 0,3302| 5,43 370 | -22" | 0,06
\B/ggﬁga 0,723 108,2 0,615 224,701 | 0,007 12 104 4,8690 | 5,24 887 | -47"| 0,78
E‘;’;’{ﬂ" 1,000 149,6 1,000 365,256 | 0,017 12 756 59742 | 5515 9,81 0,36
J,%*(')?] 0,00257 | 0,38440 0,0748 27,3217 | 0,055 3475 0,0735 | 3,34 1,62 | -12,7™ | 0,07
Mgfsc 1,524 227.9 1,880 686,980 | 0,093 6794 | 0,6419| 3,94 371 | 20" | 0,15
ﬁg'{g‘?p 5,204 778,6 11,862 | 4332,59 | 0,048 | 142984 | 1899,8 1,33 2486 | -2,7" | 0,66
ggggr%“ 9,584 | 14337 29,458 | 10759,20 | 0,054 | 120536 | 568,50 | 0,70 10,41 0,7" | 0,68
ﬁﬁ’:ﬁus 19,191 | 2871,0 84,015 | 30685,93 | 0,046 51118 | 86,625 | 1,30 8,44 55™ | 0,74
Hgg{gn”e 30,071 | 44986 | 164,778 | 60187,64 | 0,008 49532 | 102,78 | 1,76 11,20 7,8™ | 0,58
**) Onst BHELWHMX NnaHeT 1 JlyHbl — B cpegHeEM NPOTUBOCTOSIHUN.
15 **) For outer planets and Moon — in mean opposition.
12 / /\
9
/A -
/ \ O6cepBa- | KazaHckun | [eTpos-
3 \ / KoopauHaTtbl TOopuUA Kpemnb CcKoe
0 / \ / Coordinates Observa- Kazan Petrov-
3 \ / tory kremlin skoye
6 \ / A (E/Bp.) | 4849 49° 06' 49° 06'
9
o ' o 1 o ]
1 \\ // @ (N/cuw.)| 55°50 55° 48 55° 41
15 YacoBoii nosic + N +
Jan. Feb. Mar. Apr. May Jun. Jly. Aug. Sep. Oct™Tow. Dec. Timezone UT+3 UT+3 uT+3
YpaBHeHUue BpeMeHu Equation of time
Poccusa, TatapctaH, KasaHb 2015 Kazan, Tatarstan, Russia
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HekoTopble KOHCTaHTbI U ¢hopMyrbl

Some constants and formulae

CkopocTb cBeTa B Bakyyme, C (M/c) 299 792 458 Speed of light in vacuum, ¢ (m/s)
I'paBurtanmonHas nocrosiaaast, G (H-m%/kr?) 6.674-10™" Constant of gravitation, G (N-m%/kg?)
Conneunas ocrosianas, A (Br/m?) 1367 Solar constant, A (W/m?)
IMapametp Xa60:ma, cpejiHee 3HaUCHHE 68 mean value Hubble parameter,
Ho (xkm/c/MIIK) JIANa30H 3HAYCHHUH 50-100 diapason of values  Hy (km/s/Mpc)
[Mocrosinnas [Tnanka, h (Jx-c) 6.626-10 Plank constant, h (J-s)
3aps snexTpoHa, e (Ki) 1.602-10%° Charge of electron, e (C)
Macca seKTpoHa, me (Kr) 9.109-10 Mass of electron, m, (kg)
CoOTHOIIIEHHE MACC MTPOTOHA U 3JIEKTPOHA 1836.15 Proton-to-electron mass ratio
IMocrostanast @apanes, F (Ki/mosb) 96 485 Faraday constant, F (C/mol)
MarHuTHas IoCTOsIHHAsA, Lo (['H/M) 1.257-10°® Magnetic constant, po (H/m)
VuuBepcaabHas ra3osast noctosiutast, R (Jx/mons/K) 8.314 Universal gas constant, R (J/mol/K)
[ocrosuuas Bonbimana, k (JIx/K) 1.381-10% Boltzmann constant, k (J/K)
[ocrostanas Credana-Bonsimana, o (Br/mY/K*) 5.670-107 Stefan-Boltzmann constant, o (W/m%K*)
KoncranTa cmerienus Buna, b (M K) 0.002897 Wien’s displacement constant, b (m-K)
Jla6oparopras anuna BosHbl Ha (A) 6562.81 Laboratory wavelength of Ha (A)
JliHa Tpornrdeckoro roaa, T (cyr) 365.242199 Tropical year length, T (days)
JnuHa cugepudeckoro roaa, T (cyr) 365.25636 Sidereal year length, T (days)
JlnvHA aHOMATMCTHYECKOTOo To/1a, T (CyT) 365.259636 Anomalistic year length, T (days)
IMepro oOpartieHns y3J10B JIyHHON OpOUTHI (JIET) -18.6 Nodal period of lunar orbit (years)
CrannaptHas atmocdepa (I1a) 101 325 Standard atmosphere (Pa)
OcnabneHne BUIUMOTO cBeTa cioeM 1 atmochepsl 19%, 0.23" Visible light ext.inctiorl by the'terrestrial
(MMHUMAIBHO) atmosphere in zenith (minimum)
BricoTa onHOpOoaHOI aTMOcheps! (M) 7991 Height of homogeneous atmosphere (m)
[okazarens npenomienus Boasl npu 20°C, n 1.334 Refractive index of water for 20°C, n
MoOMEHT WHEPIMH Iapa 1= 2/5 MR? Moment of inertia of a solid ball
MoMmeHT uHepiuu chepsbl | = 2/3 MR? Moment of inertia of sphere
OGbEM wwapa V =% nR® Volume of a ball
ITnomazne chepsr S = 4nR? Area of sphere
T 3.14159265 T
e 2.71828183 e
3o10TOC CeueHue, @ 1.61803399 Golden ratio, ¢
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20 cambIx AAPKUX 3BE€3a Heba 20 brightest stars in the sky
RA DEC p m sc
AnbTaup Altair o Agl 19" 50™ 47° 08° 52' 06" 0".195 0™. 77 A7
Kanenna Capella o Aur 05™ 16™ 41° 45° 59' 53" 0".073 0™.08 G5+G0
ApKTyp Arcturus a Boo 14" 15™ 38° 19° 10' 57" 0".089 -0™. 04" K1
KaHonyc Canopus o Car 06" 23™ 57° -52° 41" 45" 0".028 -0™.72 FO
Tonuman (RT;ngénnt) aCen & 14 39" 36° ~60° 50" 07" 0".747 ‘S:% %
Xapap Hadar B Cen 14® 03™ 49° -60° 22' 23" 0".009 0™.61 Bl
Cupuyc Sirius a CMa 06® 45™ 09° -16° 42' 58" 0".375 -1™. 46 Al
MpouuoH Procyon o CMi 07" 39™ 18° 05° 13" 30" 0".288 0™.38 F5
AKpYKC Acrux a Cru 12" 26™ 36° -63° 05' 57" 0".010 o™. 77 BO
Bekpykc Becrux B Cru 12B 47™ 438 -59° 41' 20" 0".009 1™.30 BO
[leHe6 Deneb o Cyg 20" 41™ 26° 45° 16' 49" 0".002 1™.25 A2
AxepHap Achernar o Eri 01" 37™ 43° -57° 14" 12" 0".026 0™. 46 B3
Monnykc Pollux B Gem 07" 45™ 19° 28° 01' 35" 0".097 1™.14 KO
Bera Vega o Lyr 18" 36™ 56° 38° 47' 01" 0".123 0™.03 A0
BeTenbreiise  Betelgeuse a Ori 05" 55™ 10° 07° 24' 25" 0".005 o™.5Y M2
Purenb Rigel B Ori 05" 14™ 32° -08° 12' 06" 0".013 0".12 B8
domanbrayTt Fomalhaut o PsA 22" 57™ 3098 -29° 37' 20" 0".130 1™.16 A3
AHTapec Antares o Sco 16" 29™ 24° -26° 25' 55" 0".024 0™.96  M1+B4
AnbpebapaH  Aldebaran o Tau 04® 35™ 55° 16° 30' 33" 0".048 o™.g5v K5
Cnuka Spica o Vir 13" 25™ 129 -11° 09' 41" 0".023 0™. 98 B1
HekoTopble apyrue 3Bé3abl Some other stars
Xamarnb Hamal a Ari 02" 07™ 10° 23° 27" 45" 0".050 2™.01 K2
MonsipHas Polaris o UMi 02" 31™ 49° 89° 15' 51" 0".007 1™.97" F7
Koxab Kochab B UMi 14® 50™ 42% 74° 09' 20" 0".025 2™.07 K4
Dzzi‘;‘;"p": g;%gﬂﬁ V§4C?ecr:1ecr:], 14" 29 43° ~62° 40' 46"  0".769 11™.05 M5.5
Mpeyeckun andaBut Greek alphabet
A o anbda alpha | i nota iota p p po rho
B B GeTa beta K K Kanna kappa by c curma sigma
T Y raMMa gamma A A nambaga lambda T T Tay tau
A 0 nensTta delta M L MIO mu Y v uncunoH  upsilon
E € oancunoH epsilon N A% HI0 nu ()] 0] du phi
Z C aseTa zeta = & Kcu xi X X XM chi
H n aTa eta @] O  OMWKPOH  omicron Y v ncw psi
® 0 TeTa theta I1 o nm pi Q [0 omera omega
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marpamma | epuwinpyHra-raccena ertzsprung-Russe iagram
Awarp MepuwnpyHra-P Hertzsprung-R Il diag
TEMMEPATYPA 3BE3[bl, K STELLAR TEMPERATURE, K
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