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HanomuHaHue. 6oabWUHCMBO 300Gy COCMAasAeHsl makum obpas3om, Ymo npu HANUCaHUU peweHul om y4acmHuUKa
mpebyemca MUHUMQbHOE UCM0Ab308aHUE KaKo2o-nubo A3bika. Takum obpa3zom, 0onycKaemeca MUHUMYM MEKCmMos 6
peweHusx 3a0a4y (HU HG POOHOM A3biKe, HU HG 0OHOM u3 oguyuanbHbix A3eiKos IAO). Yoenaume 6onbwe 8HUMAHUA
popmynam, pucyHkam u 2paguxkam. Paspewaemca ynompebname HECKONbKO KAKOYEBbIX €108 HA aHenyﬁcHﬂ}w A3bIKe
(Hanpumep, “Yes”, “No”, “Assume”, “Answer”, “Average”, “Minimum”, “Maximum?”, “Impossible situation” u m.o0.), a
MAaK#e mepMuHbi, codepxcaujuecs 8 npunazaemsix mabauyax, u Ha3eaHua o6vEKMos.

1(ay). KpabosuaHaa TymaHHOCTb. KakoB ceifyac peanbHbiit Gpuanyeckuil guameTp (B KM U aCTPOHOMUHECKMX EANHULAX)
KpabosugHon tymanHoctn? KpabosBuaHaa TYMaHHOCTb — OCTAaTKW CBEPXHOBOW, BCMbILUKY Raropaﬁ Ha 3emne

3apukcuposanu 4 nona 1054 roga. OHa pacnonoXeHa B co3se3guu Tenbla U B HACTOALULEE BpeMA eé BUAUMbIN
YrnoOBOW pa3mep COCTaBNAeT 0Kono 5'.

2(ay). Kocmuueckmic annapart. MCKYCCTBEHHbIM CNYTHUK 3eMNAUM UAM KOCMUYECKan CTaHuua obpaluaeTca nNo KpyroBow
opbuTe Ha BbicoTe 320 KM U, KaK NpaBuK/0, XOPOLO BMAEH NpU NPOnéte H"a(quecmgmbm. B HEeKoTOpbIK AeHb 1U3-3a
NAOXuX ycnosui HabnwogeHma (cmor nnu Hebonbwon TymaH) annapat Obin BIH,D,EH HEBOOPYKEHHbLIM rNasom BCero
1 MUHYTY 50 CeKyHA, NPUYEM B 3eHUTE ero 3BE3HanA BeIMYMHA,cocTasuna 1, 5'“ ‘Kakoit 6bina 6bl BUAUMARA 3BE3AHANA
BE/IMYMHA annapaTa B 3TOU e MEeCTHOCTU B MaKCUMaNbHO. 5naroanﬂTthx ymnsunx

3(aBy). Mex3sésgHoe nyTtewecreue. B bavkanwem bygywem nwoau nocbINatoT OrPOMHbLIA KOCMMYECKMW Kopabnb K
nnaHete 8 cucrteme Anbvda LleHTaBpa, MbiTaACh noceTuTL HHDI‘IJ‘IEHETHH NPOXUBAKOWMX Ha 3TOM nnaHeTte. Y
MHONNAHEeTAH ronybaa KoXa u pazmepbl N0bbLIX Dpl‘EHDB NPUMEPHO KaK y niogei. Habnwaas 3a Hebom, oHM
3aMeyaloT, YTO KOCMUYECKUM Kopabnb ABUKETCA K Hum rg\o NPAMOW NIMHUM C NOCTOAHHOW cKopocTbio 0,152°C.

Ona pasroHa UM TOPMOXKeHUAa Kopabnb ocuaﬁgEH ABYMA  MOLHBLIMKA  ABUraTENAMM, KaXabll M3 KOTOPbIX
BbipabaTbiBaeT KOHUYECKUN NYYOK ¢0TGHOB (Vron paqaopa KOHYyca cocTtasnfaet 4,96 rpaayca. BoIxoaAHaA MOLWHOCTb

OHOro Aguratens pasHa P = 2,25-10" BT, Id\'a-llmlﬂpfbi}{ 9,92% NPUXOAMUTCA Ha BUAUMbIN CBET.

3.1. Ha Kakom paccToaHUMU Tnpmusﬂmmﬁ Ropab.b cpaBHMTCA NO ApKOCTU ¢ CoNnHUEM ans HabnoaaTenen-LueHTaBpaH?

3.2. CmoryT M npu 3TOM HHDHHEIHETHHE Buay@bﬂo pa3nuumuTb Ha cBoém Hebe kopabnb 1 ConHuye? 3anuwute Bawwm
pac4yéTbl n oTBeTbTE (NO- am@tmcuu) “Yes, nan “No”.

JononnumensHele OAHHEIE uﬁ"’cr Cen: u CobcrBeHHOE CobcrBeHHOE Jly4yeBan
\2,, 1 \\ nsuxkeHue (R.A.) nsuxenue (DEC) CKOPOCTb
\ -3,614"/rop +0,803"/rop -22,4 km/c

4(afy). r'mbpuaHoe 3atmeHue. [MOpMaHbLIM Ha3bIBAaeTCA Takoe COMHeYHOe 3aTMeHMe, KOTOpoe B OAHMX MEeCTax Ha 3emne
BUAHO KaK. Hﬂﬂﬁueoﬁpaaﬂoe a B ApyrMx — Kak nonHoe. 20 anpensa 3TOro roaa Habawaanocb 0AHO U3 KaKuUX
samem 1/ EFB\nonoca npowna yepes UHAUMUCKUN OKeaH, ABCTpanuio, BoctouyHbin Tumop, MHAOHE3NIO U TUXUK

OKeaH. Ha\'r,n,enhhom NUCTE NpUBeAeHa KapTa-cxema nonocobl 3aTmeHua (Macwrtabol He cobnoaeHbl). 3BE3a04Kamm
TM&H&HL—:I —npubausntenbHan TOYKa Nepexoga oT KobueobpasHOro 3aTMeHuUa K NoaHoMy, BbicoTa ConHua Hag,
r'o\pnanumm B 3TO Bpema coctasnana 10°, 2 — TOYKa HabnwaeHUA 3aTMEHMA € MAaKCUManbHOW $a3oN, BbICOTA

Cnm{u.a Haf ropu3oHTOM — 67°, 3 — npuban3uTeNbHAA TOUYKa Nepexoaa OT NONHOro 3aTMEeHUA K KonbleobpasHomy,

BbICOTA ConHua Hag ropusoHTOM — 10°. BbiuMCAUTE MAKCUMANbHYIO LWWMPUHY NONOCHI NONHOWU Pa3bl 3aTMEHUA.

S5(afy). Meteopbi. [lsoe Habnwgateneit meTeopHOro nNoToKka fleoHWAbl, Ha4ano KOTOPOro NPUXOAUTCA NPUMEPHO Ha
CEeroAHALWHIOK AATy, BU3yanbHO HabnwaadoT meTeopbl B 0AHOW U TOU XKe obnactu Heba. 3a nepsble ABa vaca
HabnwaeHUM 0AUH U3 HUX 3ameTun 28 meTeopos, BTOpou — 38, npuyém 18 13 3Tux meTeopoB ObiNn 3ameyeHbl
oboumu Habnogatenamu. Bce mereopsbl Bbinn npumepHO 0AHOW APKOCTY.
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KakoBo Haubonee seposaTHOe obuiee YynCNo MeTeopoB, NOABMBLUMXCA 32 Bpemsa HabAlAeHMN Ha AaHHOM yYacTKe
Heba?

PeweHne conpoBOAUTE XyAOMKECTBEHHbIM PUCYHKOM CUTYauuu, NpU KOTOPOM B KOHLE AaHHbIX HabawpgeHun K
HabnogaTensm BHe3anHo npucoeauHuacs bypoiii measeab-aCTPOHOM.

Cdepa [OancoHa. fanékoe Oyayuwee. 3emnaHe noctpounu coepy [ancona. EE pasmep TaKoB, YTO, 4TO
TEMNEpaTypHbIe YCNOBUA ANA €€ XKUTeNen aHaNOrMuHbl HbiHeWHUM Hanbonee 6AaronPUATHLIM KAMMaTUYECKUM
ycnosuam Ha 3emne. [lnAa CTpouTenbCTBa MUCNO/L30BAaAU maTepuan nnaHetbl 3emnn. ocrpoeHHas cdepa He

BpaluaeTcs.
Hanaute paguyc atoun chepol JancoHa Rp.
Hangute NoNYYUBLLYIOCA TONWMHY cdhepbl [lancoHa dp.

Haliaute yckopeHue cBoboaHoro nagexns Ha chepe JailcoHa go. C yckopeHnem cBoBOAHOro nMageHna Ha Kakow
nnaHete unun obvexkTe CoNHEYHOM CUCTEMbI MOXKHO CPaBHUTL 3TO YCKOpeHUe?

Ana Toro, 4tobbl y XXuTenew BHYTPEHHeN CTOPOHbI chepbl CMeHANUChb Bbl cBeTnoe U TEMHOE BpeMA CYTOK C
NMPUBLIYHOM ANA HAC NEPUOAUMHOCTLIO, BHYTPU cdepbl [ancoHa BoKpyr ConHua bbina co3pgaHa Henpo3payvHas
nonycdepa, spawarowasaca Bokpyr ConHua. (MoacHeHne gna noHUMaHUA, Kak Bpamaqjcﬁ nnnyquaepa: eé ppalleHue
MOHO CPaBHWUTb C BpPaWEHWEem MOBEPXHOCTU BOCTOYHOrO nonywapusa 3emMIn BOKPYr OCUM BpalleHUAa 3emnu).
Bbluncante, Kakos gonkeH buiTe paguyc aton noaycdepst Rg, 4yTobbl OHa morna oBpatiaercs BOKpyr ConHUa TONbKO
3a CYET rpaBUTALMOHHOIO B3aUMOJENCTBUA C HUM.

KnumaTuyeckue yCaoBuA Ha KaKuX NaaHeTax 3HaYuTeNbHO U3MEHATCA NoC/Ne CTpouTeNbCTBa chepsl flaricoHa?
»
KAMMaTUUYecKme yC/ioBUA Ha KaKuxX NaaHeTax nocae crtpontenscrsa chpepbl lancoHa U3MEHATCA, HO He3HAYUTEIbHO?

b

. 8.3, 8.5, 8.6. Hanuwume Ha38aHUe Uau Kame20puro nﬁhEHmaﬂamuHquﬁ"uhu no-aH2nulcKu.

FpaBUTALMOHHDbIE BOJIHbI U KOCMOMOrMA. B niockowm BcenenHoM -cBeT PacnpocTpaHAeTCA B TeYeHue MHTepBana
Bpemenn At, ygosnetsopsioulero cAt=a(t)Ar, rae ¢ — CKOp ETb}cEETa, Ar — conyTcrTeBytlowee paccToaHue,
npoigeHHoe ceetom, M a(t) — macwrabubii PpakTop B MOMEHT BpemeHu t. B pacwupsalowelica sceneHHol a(t)
YBE/IMYUBAETCA CO BPEMEHEM. ‘

[N NNOCKOM BCENI@HHOM C KOCMONOTUYECKOW NOCTOAMHOW CripaBenuBbI CIeAyIoLWmMe COOTHOWeHMA ana a(t) (ans
KPaTKOCTU HEKOTOPbIE KOHCTaHTbl ONyLWEHbI);

{cush[(?;A)lf 2t] — 1} Y2 A>o0

L) \
pide {1 - cns[( 3A)1f2t]]1f3 A<O.

Hapucynte cxemaTtuyeckn, Kak a(,f)—uamermercﬂ CO BpEMEHEM U

onpenenuTe, Kak aannmunnnmpyem-lama BceneHHasn, pacCMOTPEB Takue BapuaHTbi: (A) Pacwmpenue; (B) CxaTue;
(C) PacwunpeHue, 3a KOTOPbIM CNeAyeT CxaTue; (D) CkaTue, 3a KOTOPLIM CNeAYeT pacluMpeEHHME.

N3BeCTHO, uTO cunyz(cmymu.gee pacCToAHWE I MeXay WCTOYHWMKOM u3Nny4eHua UM Habnwopatenem OCTaeTcs
nocrosiHHbIM. If the radiation i IS emitted at time Ecau U3Nly4yeHune NpoucxoauT B MOMEHT BpemMeHU te U NPUHUMAETCA
B MOMEHT BpEMEHH to, BbIBE,EI,HTE.' ANA Hero Qopmysly KOCMONOTUYECKOro KpaCHOro CMeLeHUA Z, BbIPaXKatoLwyro z
yepes a(te) u a(tp)\ga BUAE Z =...). ECAM CBETMMOCTb UCTOYHMKA paBHa L, a 0CBelWEHHOCTb OT Hero pasHa F, TO u3

COOTHOLWEHUA- F
F N\ 4md}

.ﬂ,nﬂ Mow:“e\rir\a_tu/fampamammym dopmyny, Boipaxkatowyro d vepes a(t), zur (d = ...).

I\-I\a OnpeAeNeHHoM CTafiun CMAHUA TECHbIX ABOWHbBIX CUCTEM YaCTOTa rPaBUTaLMOHHON BONHbI YBEMYMBAETCA CO
BpeMeHeM. Habniogaemblit napameTp ¢ pasmepHOCTbIO MacChl MOXKET BbITb onpeaenéH kak M oc f~11/5£3/5 rpe

N o - w as
f —4acroTa, a f = Af /At — ckOpOCTb U3MEHEHUA. YunTbiBaa amnautyay h rpaBUTauMoOHHON BONHBI, €€ pacCToAHUe
Ao Hac MOXKET ObITb PacCYUTaHO KaK

d o< = (Mf)?/3.

C nomoublo HeobxoanMbIX GopMyn U PpacyEéToB onpeaennTe, ABNAETCA 3TO PaCCTOAHME CONYTCTBYIOWMM (comoving
distance) nau porometTpuyeckum (luminosity distance).
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Kakoso Haubonee sepoaTHoe oblyee Yncno MeTeopos, NOABUBLUMXCA 33 Bpema Habnog4eHnn Ha AaHHOM y4YacTKe
Heba?

PeweHue conpoBoauTe XyAOXKeCTBEeHHbIM PUCYHKOM CUTyauuu, NpyM KOTOPOW B KOHUE AaHHbIX HabnwaeHun K
HabnoaaTenam BHE3anHo npucoeanHunca bypbin measeab-aCTPOHOM.

Chdepa [OancoHa. [Odanékoe byaywee. 3emnsHe noctpounu coepy [ancoHa. EE pasmep TaKoB, 4TO, uTO
TeMnepaTypHble YCNOBUA OANA €€ KUTENIeN aHANOrMMUHbl HbIHEeWHUM Hanbonee 6naroNnpUATHBIM KAMMATUUYECKUM
yCNoBUMAM Ha 3emne. [na CTPOUTENbCTBA UCNOANL30BANM maTepuan nnaHetbl 3emns. lNocTtpoeHHasa cdepa He
BpalLaeTca.

Hanaute paauyc aton cdepbl JancoHa Rp.
Hangute nonyuymnsluylocs TonwmHy chepsbl AancoHa dp.

Hangute yckopeHue csoboaHoro nagexua Ha chepe [ancoHa go. C yckopeHuem ceo60aHOro nageHnsa Ha Kakou
nnaHeTe unm obvekte CoNHEYHOU CUCTEMbBI MOXKHO CPaBHUTbL 3TO YCKOpeHue?

Ona Toro, 4tobbl y XuUTenen BHYTPEeHHeW CTOPOHbI chepbl cMeHAnucb Bbl cBeTiioe U TEMHOE Bpems CYTOK C
NPUBLIYHOM ANS HAc NepuoanYHOCTbIO, BHYTpU chepbl [ancoHa sokpyr ConHua bBbina cn's,g:aHa Henpo3payHasn
nonycdepa, Bpawatowanca Bokpyr ConHua. (lloacHeHne Ana NOHUMaHUA, Kak BpaLlaercs nbnycq)gpa: ee BpaweHue
MOXHO CpaBHUTb C BpaLlEHUEM MNOBEPXHOCTM BOCTOMHOrO NOAYyWapuA 3emMnu BOKPYr OCH BpaleHua 3emau).
BblumncaunTe, Kakos AomxkeH bbiTb paguyc ato nonycoepsbl Rg, 4To6bl oHa morna obpalderca BoKpyr ConHua TONbKO
32 CYET rpaBUTaLMOHHOIO B3aUMOAENCTBUA C HUM. .

KAaumaTuyeckue YCNOBUA Ha KaKMX NAaHeTax 3HaYUTEeNbHO U3MEHATCA NOCNE CTPOUTENLCTBA Chepbl [aiicoHa?
. »
KaMmaTtuueckue yC1oBUA Ha KakUX N1aHeTax Nnocne CTpOUTe/IbCTBa cd_:u.epbl.,ﬂ.aﬁcgﬂa U3MEHATCA, HO HE3HaYUTEeNbHO?

2

. 8.3, 8.5, 8.6. Hanuwume Ha3saHue unu Kamezopuro ob6vexkma aamuruyed uj"ru no-aHaaulcKu.
"

{"\
lpaBUTaLMOHHbIE BOAHLI U KOCMONOrMA. B Nnockoi BcesieAHOW -CBET pacnpoCcTpaHAeTca B TEYEeHWe UHTepBana
. \
BpemeHn At, yposnetsopsiowero cAt=a(t)Ar, rge ¢ — CKOp CTb)CBETa, Ar — conyTCcTBylOLlEEe paccTosHue,
NnponaeHHOEe CBeTOM, U a(t) — macwTabHbi QakTop B MDM\HT Bpemenu t. B pacwmpsawowenca sceneHHon a(t)

YBE/INYMBAELTCA CO BPEMEHEM. £

[1nsi NNOCKOW BCENeHHOWM C KOCMO/1I0TMUYECKOM I'IUCTDF!HHGH A ;npasemwabl cnegytouwme cooTHoweHua ana a(t) (ans
KPaTKOCTU HEKOTOPbIE KOHCTaHTbI ONYLLEHbI); v

-,

{cosh (3 a)lfzr] — 1}1/:31 A>0
(13 cos[(-30)72]}, A<,

Hapucyute cxemaTU4eCcKHM, Kak a({f)*H'BMEHHE:'TEH CO BPEMEHEM U

a(t) o<

onpejenuTe, Kak 9BO/IIOLMOHMPYET/HaLd BceneHHan, paccmMoTpes Takne BapuaHTbl: (A) Pacwmpenue; (B) Ckatue;
(C) PacwupeHue, 3a KOTOpbIM cne@yettma*me; (D) CkaTtue, 3a KOTOPbIM CNeaYyeT paclUMPEHUE.
‘ -

N3BeCTHO, YTO cony{c{ayldu{eg\ PacCTOAHME I MeXay WCTOYHMKOM WU3NyYyeHua un Habnwoparenem OCTaeTCH
nocroAaHHbIM. If the radiation is emitted at time Ecnmn usnyyeHne NnpoucxoauT B MOMEHT BpeMeHU te U NPUHUMAETCA
B MOMEHT Bpemeﬁu to, BbiBEAUTE ANA HEro Gopmyny KOCMONOTMYECKOro KPacHOrO CMeLLLEeHUA 2z, BbipaXKkaloLWyto z
yepes a(te) ¢ E(thx(B BuAe z =...). EChu CBETUMOCTb UCTOYHUKA paBHa L, a3 0CBEWEHHOCTL OT Hero pasHa F, TO 13

L
coomomepnﬂ F= T p— onpeaenseTca Tak HasbiBaemoe GOTOMETPHUYECKOE paccToAHME dy.

,,D,n’ﬂ MDMEI:ITB to BbIP@XKaioLLyto dopmyny, Bbipaxkatowtyto dy yepes a(t), zmr (du=...).

Ha Dl'lpE,ﬂ,EIIEHHOH CTaiuu CAUAHWUA TECHBIX ABOWHbBIX CUCTEM YacTOTa rPpaBUTaLMOHHON BOJIHbI yBeanMBaETcr-l o
~11/5 £3/5
apemeHem Habniogaembiii napameTp € pa3mepHOCTbIO Macchbl MOKET BbiTb onpegenéH kKak M & f /5 £3/

N\
f =vacrora, a f = Af /At — CKOPOCTb U3MEHEHUA. YuuTbiBaa amnautyay h rpaBUTaLMOHHOMN BOJHbI, €€ pacaoauue
Ao Hac MOXeT BbITb pacCcymUTaHo Kak

d o %(Mf)zﬁ.

C nomouwbto HeobxoaumbIx GOPMYN 1 PacyYETOB ONpeaenuTe, ABAALTCA 3TO PacCTOAHME CONYTCTBYIOWMUM (comoving
distance) unu ¢potomerpuueckum (luminosity distance).

HKurtait MNewvuwud 2N213 Reiiine (China



ACTPOHOMWYECKOE \ EURO-ASIAN Round ‘ Theo ’
OBIWECTBO ASTRONOMICAL SOCIETY -

Group | B Y

m\/ XXVII MexpayHapoaHaa acTpoHOMMYecKaa onumnuaja
XXVIIl International Astronomy Olympiad

f-
25
\- A3bIK .
v( Kutai, NMexuH 6 - 14.X1. 2023 Beijing, China language Engh-Sh
For translation only. Theoretical round. Problems to solve

Reminding. Most of the problems are compiled in such a way that when writing solutions, minimal use of any
language is required from the participant. So minimum texts is allowed in solutions of the problems (neither in
the native language, nor in one of the official languages of the IAO). Pay more attention to formulas, Hrawfngs
and graphs. It is permitted to write a few keywords in English (for example, “Yes”, “No”, “Assume”, “"'Answer”
“Average”, “Minimum”, “Maximum”, “Impossible situation”, etc.), as well as terms cantmned .'q the
accompanying tables and names of objects.

\ * |
o 4
v
1(ay). Crab nebula. What is the actual physical diameter (in km and astronomical units) of thé“‘Ch_rab Nebula right
now? The crab nebula is the remnants of a supernova, the outbreak of which‘was réporﬂed on Earth on
July 4, 1054. 1t is located in the constellation of Taurus and currently its apparent angular size is about 5'.

2(ay). Space apparatus. An artificial Earth satellite or space station orbits in a circular orbit at an altitude of
320 km and, as a rule, is clearly visible when passing over the location. On oné'day, due to poor observation
conditions (smog or a small fog), the apparatus was visible to the'naked eye for only 1 minute 50 seconds,

and at the zenith its magnitude was 1.5™. What would be;the apparent nfégmtude of the apparatus in the
same location under the most favorable conditions. *

3(aBy). Interstellar Travel. In the near future, humans will send*’a masswe space ship towards a planet in the Alpha

Centauri system, trying to visit the aliens residing, on this plaﬁet The aliens have blue skin and all their

organs are similar in size to those of human$. When they observe the sky, they notice that the space ship
travel towards them in a straight line with a constant speed of 0.152 c.

For acceleration and deceleration, the Shl? is eqmpped with two powerful engines, each of which produces

a conic beam of pure photons. The cone angle ofthe beam is 4.96 degrees. The power output of an engine
is P =2.25-10" W, of which 9. 92%,,15N|5|b]e_ light.

3.1. Observed by the Centaurians, at~w|}|‘at“~distaﬁce is the decelerating ship as bright as the Sun?
3.2. Herein, will the aliens be able tu/wsually distinguish the ship and the Sun in their sky? Write down your

n ’j '} Fr n
calculations and answewghjmth Yes” or “No”.

Additional data about o Proper motion (R.A.) Proper motion (DEC) Radial velocity
-3.614" Jyr +0.803" /yr -22.4 km/s

4(aBy). Hybrid eclips{;&. hybrid eclipse is a solar eclipse that in some places on Earth is seen as annular, and in
sume otp rsas total. On April 20 this year one of these eclipses was observed. Its band passed through
Indlan Oceah Australla, East Timor, Indonesia and the Pacific Ocean. A separate sheet shows a map-

{ ofthEpath of the eclipse (not to scale). The asterisks are marked: 1 —the approximate transition

int from annular eclipse to total, the altitude of the Sun above the horizon at that time was 10°, 2 — the
obse\&.&a‘clon point of the eclipse with the maximum phase, the altitude of the Sun was 67°, and 3 — the

approximate transition point from total eclipse to an annular, the altitude of the Sun was 10°. Calculate
the maximum width of the path of the totality.

5(afBy). Meteors. Two observers of the Leonid meteor shower, the beginning of which falls approximately on
today's date, visually observe meteors in the same area of the sky. During the first two hours of




XXVIl IAO 2023 Theoretical round. Problems to solve page 2 ot 2

5.1.

5.2.

6(By).

6.1.
6.2.
6.3.

6.4.

6.5.
6.6.

observations, one of them noticed 28 meteors and the other one noticed 38, and 18 of these meteors
were noticed by both observers. All the meteors were about the same brightness.

What is the most probable total number of meteors that appeared during the observations in this area of
the sky?

Accompany the solution with an artistic picture of the situation, in which the brown bear-astronomer
suddenly joined the observers at the end of these observations.

Dyson sphere. The distant future. The Earthlings built a Dyson sphere. Its size is such that the temperature
conditions for its inhabitants are similar to the current most favorable climatic conditions on Earth. The
material of the planet Earth was used for its construction. The constructed sphere does not rotate.

Find the radius of this Dyson sphere Rp.

Find the resulting thickness of the Dyson sphere dp.

Find the acceleration of gravity on the Dyson sphere gp. With the acceleration of gr;ﬁaifit'v' on which planet
or object of the Solar system can this acceleration be compared?

In order for the inhabitants of the inner side of the sphere to change the light and dark time of day with
the frequency familiar to us, an opaque hemisphere rotating around the Sun was created inside the Dyson
sphere around the Sun. (Explanation for understanding how the hemisphere rotates: its rotation can be
compared with the rotation of the surface of the eastern hemisphere of the Earth around the axis of
rotation of the Earth). Calculate what the radius Rg of this hemispfhere should be so that it can revolve
around the Sun only due to gravitational interaction with it.

] ,

Which planets’ climatic conditions will change significantly afte*frkthe construction of the Dyson sphere?
Which planets’ climatic conditions will change, but f.ml_y slightly: -after the construction of the Dyson

sphere? LS 6 6.6 .

Note: In paragraphs 8.3, 8.5, 8.6. write the name or category of the object in Latin or English.

7(By).

7.1.

7.2.

7.3.

Gravitational waves and cosmology. In a ﬂat universe, the light travels within a time interval At satisfies
cAt = a(t)Ar, where c is the speed of light, Ar is the comoving distance the light traveled, and a(t) is the
scale factor at time t. a(t) increases with time’ |n an expanding universe.

Considering a flat universe with cgsmologlcal constant A, a(t) satisfies the following relationships (some
constants are omitted for brevity):

({cosh[3M)Y2e] =1}, A>0

7 {1 -cos[(=3m)v2e]}'?,  A<o.
Draw a schematic di'aghr'am\ofthe evolution of a(t) with time and

o /4
: <" ax(t)

»

determine how ‘our universe evolves from the following options: (A) Expansion; (B) Contraction; (C)
Expansion folrc:wed by contraction; (D) Contraction followed by expansion.

It | |/g known that the.comoving distance r between a radiation source and an observer remains constant. If
the radiation is)emitted at time te and received at time to, derive its cosmological redshift z in form of a(te)
nd /(to) Considering the luminosity of the source is L and its brightness is F, the luminosity distance d, is

then defined from F = =
ﬂdL

Deriué’dl at to in the form of a(t), zand r.

The gravitational wave in a certain phase of compact binary mergers have a frequency which is increasing
over time. An observable parameter with the dimensionality of mass can be defined as M o f~11/5£3/5
where fis the frequency and f = Af /At isthe rate of change. Considering the amplitude h of gravitational
wave, its distance to us can be calculated as d o % (M )33,

Determine whether this is comoving distance or luminosity distance with necessary formulae and
calculations.

e - — — i ———— —— —_—
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AneMeHTbl opoUT U husnuyeckue xapakrepuctukmn ConHua, nnaHert,
HEKOTOPbIX KapJ/IMKOBbIX NyiaHeT U JlyHbl

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

CpenHee Cuaepudeckuit 3Kke- | OkeaTto- Cpen- | Yckop. | Makc.
HebecHoe paccTosiHue oT nepuon obpawieHus LeH- puanbH. HAS cBoD. Bneck, !
T€no, LIeHTPanbHOro Tena Tpucu- | anameTtp | Macca | nnot- naa. Bua.c | Anb-
nnaveTa B B B g TeT, Huch y nug. Se*nllfn beno
acmp. MIIH. | mponuy. | cpedHux 24
ed. KM 200ax cymkax e ] 10°° k2 | &/cm 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 i? In city sity ; at sugf. érnrrn] bedo
astr. min. tropical In 24 a
units km ye?ars days e i 10" kg | g/cm s ) |
SonHue 1465100 | 2,5:10" | 23108 | 8,4-10 1392000 | 1989000 | 1,409 -26,8™
mgfgg;"ﬁ 0,387 57,9 | 0,241 87,969 | 0,206 | 4879 | 0,3302| 543 370 | -22m [ 0,06
Voropa 0,723 | 1082 | 0615 | 224701 | 0,007 | 12104 | 4869 | 524 | 887 | -47™ | 0,78
ki 1,000 | 1496 | 1,000 | 365256 | 0,017 | 12756 | 59742| 5515| 9,81 0,36
ﬂf’;“jn 0,00257 | 0,38440 | 0,0748 | 27,3217 | 0,055 3475 | 0,0735| 3,34 162 | -12,7™ | 0,07
iy 1524 | 2279 | 1880 | 68690 | 0093 | 6794 | 06419 394 | 371 | -20m | 015
cepepa 277 | 414 460 | 1681 | 0,077 963 | 00009| 216 | 027 | 67| 0,09 |
Egﬂ;ﬁp 5204 | 7786 | 11,862 | 433250 | 0,048 | 142984 | 18998 | 1,33 | 2486 | -27m | 0,66
SaYPH 0584 | 14337 | 29458 | 10759,20 | 0,054 | 120536 | 56850 | 0,70 | 1041 | 07 | 068
y
Urarus 19,191 | 28710 | 84,015 | 3068593 | 0,046 | 51118 | 86625 | 1,30 | 844 | 557 | 0,74
He
Neptune 30,071 | 44986 | 164,778 | 60187,64 | 0,008 | 49532 | 102,78 | 1,76 | 11,20 | 7.8 | 058
5
Pl 39,482 | 59064 | 24809 | 90613 | 0,249 | 2374 | 0,0130| 1,86 061 | 151m [ 06

**) Oina BHeLWHUX nnaHeT U JlyHbl — B CpeAHEeM NPOTUBOCTORHUM.
**) For outer planets and Moon - in mean opposition.

2023 Beijing, China
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HekoTopbie KOHCTaHTbl U POPMYnbI

CKopocCTh CBeTa B BaKyyMme, ¢ (M/c)
['paButaumonHas nocrosHnas, G (H-m*/kr?)
Conuneynas nocrosiHHas, A (Bt/m?)

[lapameTp Xabbuia, cpeJHee 3HaYCHHUE
Ho (km/c/MI k) AWana3oH 3Ha4YeHWH

[TocTosnnag [Inanka, h ([x-c)

3apsn onekTpoxa, e (Ki)

Macca 371eKTpoHa, me (KI)
CoOTHOILIIEHHe Macc NPOTOHA M 3JIEKTPOHA, Mp/Me
[Tocrosnnas ®apapes, F (Ki/monnb)
MarsuTHas nocrosHuas, o (I'i/m)
YHuBepcanbHas razosas nocrosHHas, R (Jlx/mMonb/K)
[locrosnHas Boneumana, k (Jhx/K)
[TocTosunas Credana-Bonbumana, o (Br/m¥/K*)
KoHcTranra cmewenus Buna, b (M-K)
JIaGopaTopHas minHa BonHsl Ha (A)
Jla6opaTopHas anvna Bosiiel HB (A)
JlnuHa Tponuyeckoro roga, T (cyT)

Jlnuna cunepuyeckoro roaa, T (cyT)
JInuHa asoMaTHcTHYeckoro roaa, T (cyr)
[lepron obpaiiieHus y310B JTYHHOH OpOUTHI (1€T)

3aBUCUMOCTH

aTMOC(EepHOro JaBNeHHs OT BBICOTHI

CranpaptHas atmocdepa, P, (11a)
BricoTa ogHopoaHo# armocdeps! (M)
Ocnabnenre BUAMMOro cBera ciloeM | armocepsl

(MHHUMAJIBHO)

[Tokazarenp npenomnenus osayxa (1 arm., 0°C), n
ITokasarens npenomnenus Bogsl npu 20°C, n

MOMEHT MHepLMH 11apa

MoOMEHT uHepLUuH cdepbl

O6ném wapa
[Inowans chepsl
n
eX — e~ X
sinhx = y €

3onoroe ceuenme, @

dopmyna pedpakuun B 3eMHOI aTmocdepe

A1 3€eHUTHBIX paccrosnuii z' < 80°)
Koadbduuuenr x (arcsec-K/Tla)
pedpakumH ko (nns 273 K, 760 Mm.pT.CT.)

EURO-ASIAN

ASTRONOMICAL SOCIETY

299 792 458
6.674-10"!
1367

68
50-100

6.626-10-34
1.602-10°"
9.109-10
1836.15
96 485
1.257-10
8.314
1.381-10-%
5.670-108
0.002897
6563
4861
365.242199
365.25636
365.259636
-18.6
P=P.e
101 325
7991

19%, 0.23m

1.0002926
1.334

=2/5s MR?
[ =2/3 MR?
V =43 tR3

S = 4nR?
3.14159265
2.71828183

1.61803399

~EPt /
p =~ - an z

0.1623
60.2"
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Some constants and formulae

Speed of light in vacuum, ¢ (m/s)
Constant of gravitation, G (N-m*/kg?)

Solar constant,

A (W/m?)

mean value Hubble parameter,

range of values

Ho (km/s/Mpc)

Plank constant, h (J-s)
Charge of electron, e (C)
Mass of electron, m, (kg)

Proton-to-electron mass ratio, mp/me
Faraday constant, F (C/mol)

Magnetic constan

t, o (H/m)

Universal gas constant, R (J/mol/K)
Boltzmann constant, k (J/K)
Stefan-Boltzmann constant, 6 (W/m?/K*)
Wien’s displacement constant, b (m-K)
Laboratory wavelength of Ha (A)
Laboratory wavelength of Hp (A)
Tropical year length, T (days)
Sidereal year length, T (days)
Anomalistic year length, T (days)
Nodal period of lunar orbit (years)

“s"RT " Dependence of atmospheric pressure on height

Standard atmosphere, P, (Pa)

Height of homogeneous

atmosphere (m)

Visible light extinction by the terrestrial
atmosphere in zenith (minimum)

Refractive index of air (1 atm., 0°C), n
Refractive index of water for 20°C, n
Moment of inertia of a solid ball
Moment of inertia of spherical shell

Volume of a sphere

Surface of sp

T

€ coshx =

Golden ratio, @
Terrestrial atmospheric re

here

e*+e™*
2

fraction formula

for zenith distances z' < 8(°

k (arcsec-K/Pa)
ko (for273 K, 760 mmHg)

Coefficient of
refraction

Kutan, lMNeKuH
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28 brightest stars in the sky

RA DEC p m SC
AnbTamp Altair a Aql 19h 50m 47s 08° 52' 06" 0".195 o™, 77 A7
Kanenna Capella o Aur OSh 1ém 41+ 45° 59' 53" 0".073 om.08 G5+G0
ApKTYp Arcturus a Boo 14h 15m 3gs 19° 10" 57" 0".089 -0m, 04V K1
KaHonyc Canopus a Car 06h 23m 57e -52% 41" 45" 0".028 -0m, 72 0
Beta Kuns Miaplacidus B Car 0%k 13m 12- -69° 43" 02" 0".029 1™, 68 A2
TonumaH (R-ir;glmfe"m) aCen i 14" 397 36s ~60° 50' 07"  0".747 "gz:g; Ei
Xapap Hadar B Cen 14k Q3m 49= -60° 22' 23" 0".009 om. 61 Bl
Cwupuyc Sirius a CMa 06" 45™ (9e -16° 42' 58" 0".375 -1m,46 Al
Apapa Adara e CMa O6r 58m 38 -28° 58' 19" 0".008 1™.50 B2
[MpoynoH Procyon a CMi 07h 39m 18 05° 13" 30" 0".288 o™, 38 F5
AKpYKC Acrux a Cru 12k 26™ 36° -63° 05' 57" 0".010 0™.77 BO
Bekpykc Becrux B Cru 12h 47m 43 -59% 41" 20" 0".009 1=.30 BO
["aKkpykc Gacrux vy Cru 12" 31™ 108 -57° 06' 48" 0".037 1m. 60 M4
Oeneb Deneb a Cyg 200 41m 2¢6s 45° 16" 49" 0".002 1=, 25 a2
AxepHap Achernar a Eri 01k 37m™ 43s -57° 14" 12" 0".026 0™. 46 B3
Kacrop Castor a Gem Q7h 34m™ 36° 31° 53* 18" 0".065 1™ 58 A14+A2
Monnykc Pollux B Gem 07k 45™ 19 28° 01' 35" 0".097 1™.14 KO
Peryn Regulus o Leo 10h 0gm 228 11° 58' 02" 0".041 1m. 35 B7
Bera Vega a Lyr 18" 36™ 56° 38° 47" 01" 0".129 om.03 A0
Betenbrense  Betelgeuse a Ori 05 55m 10 07° 24" 25" 0".005 om, 5V M2
Purenb Rigel B Ori 05h 14m 328 -08° 12" 06" 0".013 om.12 B8
BennaTtpukc Bellatrix ¥ Ori 05h 25m (8= 06° 20' 59" 0".013 1™, 64 B2
domanbrayT Fomalhaut a PsA 22h 57m 39s -29°% 37' 20" 0".130 1=.16 A3
AHTapec Antares o Sco 16h 29m 24s -26° 25' 55" 0".024 0m.96 M1+B4
Wayna Shaula A Sco 170 33= 378 -37° 06" 14" 0".005 1™. 62 B2
AnbaebapaH Aldebaran o Tau O04h 35m 558 16° 30" 33 0".048 Om, 85V K5
Ane-HaTt Elnath f Tau QSh 26m 18s 28° 36" 27" 0".025 1™, 66 B7
Cnuka Spica o Vir 13k 25m 12s -11° 09" 41" 0".023 o™, 98 Bl
HekoTopble Apyrue 3BE3abl Some other stars
EE‘::‘:;’:: oxma VOIS UeM  14n 29m 43¢ -62° 40" 46"  0".769 1105  M5.S
HekoTtopblie apyrue o6beKTbl Some other objects
KpabosugHas Crab M1, 05h 35m 22° 01" 0".0005 gm_ 4
TYMaHHOCTb nebula NGC 1952
- I.anaﬁ. MNexuH - 2023 Belling, China




