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TeopeTtuyeckuit Typ. MpeaBaputenscHble pelieHusi. Tonbko AN Pa6oThbI XKIOPU

Note. The given sketches are not full; the team leaders have to give more detailed explanations to students.
But the correct solutions in the students’ papers (enough for 8 pts) may be shorter.

Note. Jury members should evaluate the student’s solutions in essence,

and not by looking on formal existence the mentioned sentences or formulae.

The formal presence of the mentioned positions in the text is not necessary to give the respective points.
Points should be done if the following steps de facto using these positions.

a-1. CnytHuk Mapca. Hainném paccrosiHue A, Ha KOTOPOM [0OJKEH ObITb CNYyTHUK, YTOObLI C Hero
Habnoganoce 3atmMeHue Mapcom ConHua «kak Ha 3emne». lMycte R — paguyc ConHua, r —
paanyc Mapca, L — paccTosiHue ot ConHua o Mapca. U3 paBEHCTBA YrMoBbIX pa3MepoB:

A =R/L+A), A=Lr/(R-r)=L/R=Ld/D (T.k d<<D).
Ans cpepHero pacctoaHua ot ConHua go Mapca 1,524 a.e.
A =1,524-149,6 MnH.kM. x 6794 km / 1392000 kM 1,11 MIH.KM.

Hanee rnasHas vges sagayn 3ako4aeTcss B TOM, YTO CPABHUTL 3TO paccTosiHue ¢ pasmepom
ccepbl Xunna, MHbIMW CMOBaMW, C PacCTOSIHUEM OT Mapca no nepBoii Touku JlarpaHxa.
Bbluncnenve nonoxeHust Touek Jlarpaxa B obLeM BULE LOBOMLHO CMOXHO, HO Ansa crniyyas
Mapca n ConHua MoxHo paboTaTh B NpubnvkeHun My << Ms.

GMs/(R+A)? + GMw/A? = w?(R+A),
npun 9TOM, U3 ycrnosus asuxeHus Mapca no opbute GMs/R? = w?R nonyyaem w?= GMg/R?,
Ms/(R+A)? + Mw/AZ = Mg(R+A)R®.

Pewas 310 ypaBHeHve B npubnmkeHun My << Ms, A << R, nmonyyaem, 4To BTOpas Touka
Narparxa Haxoputcs oT Mapca Ha paccTosiHum

A = (Mw/3Ms)"® = 1,08 mAH.kM.

Taknm o6asom, A> A,

Op6buTta cnytHuka gomxHa 6bina Gbl BbITb BHE cchepbl Xunna. Mapc HemuHyemo noTtepsiet
TaKoWM CMyTHUK.

PucyHok, koTopeiM HeoBxoanmo conpoBoanTs pelleHne, OomkeH onucbiBaTb HeoOXoanMmoe
ANA 3aTMEHWA NONOXeHne CnyTHUKa 1 cchepy Xunna unm Toukn Narparxa.

-

OtgeT: «CUTyaLuUss HeBO3MOXHa».

Tem He MeHee, MOXHO HaWTU MMNOTETUYECKUI nepuop obpallieHust cnyTHUKa Bokpyr Mapca
no opGute pagnyca A.

T = 2m(A*/GMw)"2 = 3,6-107 ¢ = 415 cyToxk.

3T0”2,15/687 = 0,6 opbuTansHoro nepuoaa Mapca, 4to NPEeBbILLAET KPUTUYECKUIA KOIPDULIMEHT
1737 BOKpyr NnaHeT He cyliecTByeT op6uT, nepvop obpalleHns koTopbix npesbiwaeTt 1/3"2
nepnoaa obpalleHus camoii NnaHeTsl BOKPYr 3Be3Abl.

Bonrapusa, Namnoposo-CMonss 2018 Pamporovo-8molvan, Bulgaria
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Cdhepa Haiicona. Kak usBecTHO, nepuop obpalleHnst nnaHeTbl Mo KPyroBoOu opbuTte BOKPYr
3Be3fbl 3aBUCUT TOMbKO OT Macchl 3Be3fbl. [103TOMYy COBEpLUEHHO HE BaXHO, Kakon pasmep
M3HaYarnbHO UMena 3Be3aa. BoiBegem hopmMyry AMA HAXOXAEHUs1 3TOro Nepuoaa Ans KpanHero
cnyyasi, Korga paguyc opbuTel paseH paguycy 3sesabl R:
1=2n/0 - o*R=GMR? 0’=GMR®*=4/37Gp, 1= (3n/Gp)"%

Takum ob6pasom, nepuos 3aBUCUT TOMBbKO OT MSIOTHOCTM Liapa, HenocpeAcTBEHHO BAOMb
MOBEPXHOCTU KOTOPOro MPOUCXOAUT KPYroBO€ ABVKEHWE, a B HalleMm cifiydae — OT MJIOTHOCTY
HblHewwHen beTnbrense.

Bce Heobxoaumble gaHHble 6epém n3 Tabnuy,.
BeTenbreiise umeeT 3B&3aHYI0 BenuuuHy 0,5™ 1 HAXOAWUTCSA OT Hac Ha PacCTOAHWUN

Dg = 206265 a.e./nk x 197 nk ~ 40 600 000 a.e.
Mpv yoaneHun Ha Takoe paccTtosHue CorHue nmeno Obl 3BE3OHYI0 BENUYNHY
mq = -26,74™ + 5™ Ig 40 600 000 ~ -26,74™ + 38,04™ ~ 11,30™
Takum obpasom, pasHuua abconoTHbIX 3BE3aHbIX BenuunH CornHua u betenbreitae coctaBut
Am=113"-0,5"=10,8".
OTO 3Ha4mT, 4YTO cBETUMOCTb BeTenbreitse Lg 6onblie ceeTnmocTn ConHua Lo B
Lg / Lo = 100"%®® ~ 21000 pas.

CeeTuMoCTb 3Be3dbl L nponopuMOHaana nnomanm €€ NOBEepPXHOCTU U YETBEPTON CTeneHu
TemnepaTypbl NOBEPXHOCTH, TO €CTb, L ~ R T4 MnoTHocTb 3Be3abl paBHa & mMacce, AeNEHHO
Ha 00BLEM, TO eCTb, MponopuUnoHanbHa M/R®. Takum obpasom, p ~ MT ®/L*2. CooTHoLeHne macc
BeTenbremse n ComnHua, ux TemnepaTtypbl MOXHO HailTu u3 Tabnuubl 38é3g, 11,6, 3590 K u
5777 K cootBeTcTBeHHO. CpaBHuBas nnoTHocTu betenbresea v ConHua (M3 Tabnuubl
CnHeuHol Cuctemsbl po ~ 1410 kr/m®), nonyyaem NNoTHOCTb BeTenbreiise

P = po-(Ma/Mo)-(Te/To)°- (Le/Lo) ** ~ 3,1-10 kr/im’.
B Hawewm cnyvae
©= (3n/G)"2 po "% (Ma/Mo) "2 (Ta/To) - (L/Lo)** ~ 2,13:107 ¢ ~ 247 cyT.

OpHako, 3agaya oLeHo4YHas, NosToMy TOYHOCTbL BO3MOXHa He Bornee yem B ABe 3Havallue
undbpbl B OTBETE HEYMECTHA, NPaBuUSibHbIA OTBET.  oKono 250 cyToK.

. MNMpopomxutenbHocTb CyTOK. Ecnu eavHCTBEHHOW npuYnHON cyBaekafHbIX BapuaLui

ABNSOTCS KonebaHus YpOBHST MUPOBOrO OkeaHa, TO (hU3NYECKON MPUYMHON 3TOro sIBMNSiETCH
3aKOH COXpaHeHUs1 MOMEHTa UMMyrbea:

L = const.

[nsa Havyana MOXHO pelwnTb 3afa4y Ka4YeCTBEHHO. YUnTbiBas, YTO MOMEHT MMMyribca ABNAETCA
npounssefeHemM MOMEHTa UHEPLUN CUCTEMbl Ha YrroBYy cKopocTb L = lw, a MOMEHT nHepuun
Tem Oonblle, 4em «wumpe» cuctema (4em Oonblie MacCbl HaxoAuTCs [Jdarnblle OT Ocu
BpalleHnsa), MOXHO cAenaTb BbiBOA, YTO C MOBbILLUEHWEM YPOBHS MWPOBOro okeaHa (M3-3a
nepemMeLleHns TaloLlero fbaa ¢ NpunonspHeliX obnacrel Ha BCO NOBEPXHOCTbL OKeaHa) MOMEHT
uHepuun 3emnu ysenudnBaeTcs. COOTBETCTBEHHO NMPY 3TOM YMEHbLUAETCA YacToTa BpalleHus

Bonrapusa, MNamnoporo-Cumonsu 2018 Pamporovoe-Smeolyan, Bulgaria
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3emnu, TO ecTb Neprog BpalleHus yBenuy4nBaeTcs. Y Hac Ha rpacuke — HaoBopoT, ¢ 1995 no
2003 rof, NPOAOIKMTENBHOCTL CYTOK YMEHbLUMIIACh Ha 1,8 mc (HaobopoT, BoAa ¢ NOBEPXHOCTA
MWPOBOTO OKeaHa ocena B6Mu3n MorocoB), COOTBETCTBEHHO CPasy MOXHO CAenaTb BblBOA, YTO
Ah=—..

Hawa 3adaya oOueHOYHasi, M03MoMy Mbl Cpa3y [pPeHebpexem pasHuyell mexay
POAOKUMENbOCMbIO CYMOK U NepuodoM 0bpalueHusi 60Kpya ceoell ocu U omau4uem gopmbl
3emnu om wapa. '

Mycte Mg — macca 3emnu 6e3 cnos nNpunonspHoro nbaa, koTopblii noTom pactaeT. R —
cpepHwii pagnyc 3emnu, w — yrnosasi CKOPOCTb BpaLLEHUA 3emnu:

Lo = lo-wo = (2/5 Mo R? + lice) Wo
‘-Iepes Kakoe-T10 BpeMﬂ, Korga 4acTb nbaa paCTaeT:
Ly = lewi = (2/5 Mg R? + 2/3 noSAh(R+AR/2)%)wn,

roe S — nnowaab NOBEpXHOCTW 3emnu, p — NIIOTHOCTb BOAbI, N — OTHOLLIEHWE NMOBEPXHOCTYU
okeaHa K obLLell MOBEPXHOCTM 3EMHOTO apa, Takum obpasom n P S Ah — 3To macca BOAbI,
NoAHSBLUEN ypOBEHb OkeaHa Ha Ah.

Ly = (2/5 Mo R? + 2n/3 p 4TR?*AhR?)-wq = (2/5 Mo R* + 8T/3 pR*Ah) w1,
Mockonbky Lo=L4, lowo=l1-w1,
(2/5 Mo R? + lie)-wo = (2/5 Mg R? + 81n/3 pR*Ah)-ws,

MockosbKy npunonspHbIl 1EG cocpedomoyeH y Mosocos, eeyiuvuHa lice HE3HAYUMeEIbHA U
Mbl ell maKkxe rpeHebpexém.

81n/3 pR*Ah-211/T, = 2/5 Mo R? (211/To — 2/T4) = 2/5 Mo R2 211(Tq = To)/T1 To

n, nockonbky T1=To=T,
8mn/3 pR*Ah = 2/5 MgR? AT/T.

Ah/AT = 3/201r Mo/TpR?.

B3sie HeobxoauMble AaHHble 3 Tabnuu, npuHsas n = 0,71 (BenuynHel oT 2/3 po 3/4 cuuTatoTca
NpaBUSibHLIMU) W B3SIB MMOTHOCTb CONEHOW BOAbI P = 1024 kr/M*, Mory4aem COOTHOLLEHWe
MEXY OTKMOHEHWsSIMU B YPOBHE MUPOBOTO OkeaHa W MPOAOIMKNTENBHOCTBIO CYTOK (Ges y4éTa
BNNAHUS JlyHbI):

Ah/AT = 0,11 m/mc.

C 1995 no 2003 rof NPOAOMKUTENLHOCTL CYTOK yMEeHbLUMnack Ha 1,8 mc, noaToMy
Ah =0,11 m/mc % -1,8 mc =-0,2 m = -20 cm.

(MpunonsipHble Nbabl, HA060POT, HapacTanu, a He Tasnm).

. MpopomKUTenLHOCTL CYTOK. Hayano pelueHunst — CM. peLleHns Ans rpynnel Anbda.

Ona Toro, 4tobbl BOCMONbL30BATLCA
nosty4eHHbIM BbiLLe KoadhpnumneHTom
Ah/AT = 0,11 M/MC, HYXHO OTAENnuUTb Cyb-
AekaaHble konebaHus oT «JIyHHOro TpeHaay,
Hago BblYECTb U3 AaHHOro rpaduka rpaduk
NpsiMoit ¢ HaknoHoM 1,6 mc/Bek. INockonbky

Bonrapuga, Namnoporo-Cuonax
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TpebyeTca HapucoBaTb NPUMEPHbLIA rpaduk, OKPYrnsieM KpaTKoBpeMeHHble konebaHus. B
pesynbTaTte nonyyaercs rpacuk, usobpaxEHHbI cnpaBa Bepxy. Tenepb HYXXHO BCEro nullb
nepepucosatb 3TOT rpaduk, W3MEHWB MO OCU Yy MUINUCEKYHAbI Ha CaHTUMETPbl C
koadpduumeHTom 11 cm/mc. MNonyyaeTcs NpMMEPHO Takoi rpaduk (Mo ocu y — CAHTUMETPbI).

Heb6ecHoe npepg3HameHoBaHue. [IBe komeTtbl. [1o |lIl 3akoHy Kennepa MOXHO BbIYUCIUTL
Bonbuwyto nonyocb opbutbl kKomeT. Ecnv nepuodbl Mbl M3MepsiemM B rofax, a pacCTosiHus B
acTPOHOMMYECKUX eanHuLax, To Ana opbut Bokpyr ConHua 3akoH 3anucbiBaeTcs Kak:

T?2/a%=1.

B Hawem cnydae T=3roga, a=3""=208a.e. bygem cuutatb, 4YTO cepeanHa nosca
acTepouaoB, KOTOPOW OOCTUraloT KOMeTbl B adenium, — 3TO OKPYXHOCTb C paguycoMm pPaBHbIM
cpeaHemy paccrtosHuto oT Llepepbl oo ConHua, A = 2,8 a.e. Torga B nepurennu oOHN HaxogaTes
oT ConHua Ha pacctosHun P =2a — A = 1,36 a.e. [lockonbKy NfIOCKOCTb NMoOsica acTepouoB
HaxoguTCs MPUMEPHO B NIIOCKOCTU SKMUMTUKN, O3HAYAET, YTO U KOMEThI MPOXOAAT u adenuu, u
nepurenuii Takxke NPUMEPHO B MIOCKOCTU IKIUNTUKWA. Takke OYEBMAHO, YTO €Cnu rnepuog
obpalleHna KoMeT cocTaenseT Tpu roga, 1o Oyayum B acdenunm B NPOTUBOCTOSHUW, OHU U B
nepurennn Takke OKaxyTcs B MPOTMBOCTOAHUKN, coBeplumB nonyobopoTa Bokpyr ConHua, B TO
BpeMsi Kak 3emns coBepLuuT nontopa oboporTa.

213

To, 4YTO KOMETbI NMETAT no OLHOW W TOW Xe TpaeKkTopun o3Ha4aeT, 4

TOYHOCTMW MOBTOPSIET MOJIOXEHUS APYrOro Yepes HEKOTOPbIV MOCTOSIHHbIN U

CooTBeTCTBEHHO, paccTosiHne L mexay HUMKU NpOonopLUMOHAnbHO UX CKOP

Kennepa ans nonoxexuin acenus u nepurennsa Va-A = Vp-P. Takum obpasom

La'A = LpP.
Bo Bpems npoTUBOCTOSIHUIA YrNOBbIE PacCTOAHUSA, BUAUMbIE C 3EMIN:
a = La/ (A1) (acbenun),
B =Lp/ (P-1) (nepurenuin).

Ecnn npun HabniogeHnn B adenuu Ons HEBOOPYXEHHOrO rnasa KOMETbl
BUOMMYIO TOYKY, 3HAUMT, OHN HaXOAATCA APYr OT Apyra Ha YrioBOM paccTos

TO OOHO M3 HUX B
HTEpBan BPEMEHMW.
octu. Mo Il 3akoHy

CIMBaOTCA B OOHY
HAWN MEeHbLLeM, YeM

paspeluatoias cnocobHoOCTb rnasa. Mpymem, yto paspelwlarLias cnocobHoOCTb rnasa paBHa

0 = 1'. Taknm obpasom, a < J,
B=Lp/(P-1)=La  (A/P)/ (P=1) =a - (AIP) - (A=1)/ (P-1)=10,3 a <

Takum obpasom, fBe KOMETbI BMOMHE MOIMU BbiTb Ha YrIOBOM PacCTOSHWN
JTyHBI M TEM CambIM NOpPasnTb BOVHOB.

10,36 =10"
B TPETb AUaMeTpa

HebecHoe npegsHameHoBaHue. HYHa M KoMeTa. ALpPUaHOMNOSb HaxoAUTCH B CeBEpPHOM

nonywapun, Bce pacCcyxneHna 1 HanpasneHnsa npuBeaeHbl ANg ceBepHOoro n

4.1. JlyHa no opbute ABMXKETCH cnpaBa HanesBo OTHOCUTENbHO 3B&3f
KOMEeTa MOXET BbIXOAUTb WU3-3a OCBELLUEHHOW YacTu JlyHbl TONbKO Toraa, K
npasas 4YacTb, TO €CTb, Npu pacTyLien JlyHe, a 3HauuT — Beyepom

4.2. Ecniv Mbl rOBOPUM O TOHKOM cepriuke JlyHbl, CPaBHUMOM MO SIPKO

onyLapus.
N nnaHeT. 3HayuT,
orga ocBelleHa eé

CTU C KOMETOoWn, TO

Bo3pacT JlyHbl — makcumym 2,5 cytok. 3HauuTt JlyHa HaxoouTcs nesee ConHLa Ha pacCTosiHUK
He Bonee, yem 30°. B nepuon 15-OHeBHOro cTosiHUA ¢ 7 no 22 uioHs ComnHLUe HaXo4uTcsl B

cosse3aun Tenbua, a JlyHa, COOTBETCTBEHHO — B CO3Be3aumn BrnaHeLoB.

Bonrapus, Naumnoporo-Cumonsy 2016 Pamporovo-§

molyan, Bulgaria
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4.3. lNpensHameHoBaHue npousowno Ha 3axoge ConHua. JlyHa B aToMm crnydae Obina Ha
3anage wWnu gaxe ceBepo-3anaje, MOCKOMbKY Aerio npoucxoauT B cepeauHe neta. Takum
obpasom, BU3aHTUiickas apMusa Buaena 3To siBNeHve Briepeau, a bonrapckas — csaaun. Janee
paccyxaeHua moryT bbiTb pasnuuHbiMK. B neTonucsix valle onucbiBaloTcs cuTyauuu, Korga
apMusi, BuUgs Bnepean Hexopoluuii CUMBOS, pasBopayuBanacb oTtctynana. o aToi noruke
HanyraHHbIMU AOMKHbI ObiNKn BbITb rpekn. Ho KTo-To MOXeT npeanonoXuTb, YTo Gonblue Obino
HanyraHbl 6onrapck1ue BOUHbLI, MOCKOSIbKY 3TO UM «HOX B CMIUHY.

4.4. XynoXeCTBEHHbI PUCYHOK.

4.5. B kayecTBe penepHoOV BpPEeMEHHOW TOYKM BO3bMEM Bedvep 3 okTsabps 2016 roga B
MNamnoposo, koraa Ha Hebe Obin BUAEH OYEHb TOHKUI cepnuk pacTyliei JlyHbl. [Mocuutaem,
CKonbko AHew npotuso ¢ 22 uioHsa 813 roga no 3 oktabps 2016 ropa.

N = (2016-813)*365 + ]2016-813[/4 — 9 +103 = 439490.

Haiigém, ckonbKo NyHHBIX MeEcAUEeB NpoLro 3a 3To Bpemsa. [ns 9To Hafo 3TO Yucro AHeik
pasgenuTe Ha cuHoguyeckui nepuog JlyHbl. Mbl NOMHUM, 4TO OH NpUMepPHO paBeH 29,5 cyTkam,
HEMHOro TouHee — 29,53 cyToKk.

439490 /29,53 = 14882,83,

Mo APOBHOW YacTM 3TOro YMCNa Mbl MOXEM y3HaTb pasHOCTb as JlyHbl 1 NOAYHYNUTb, YTO Takas
xe pasa Obina 17 moHa 613 r. OgHako aTo rpy6as owwmbka. Ecriv Mbl 6epéM crHoOnHecKuit
nepwvop JlyHbl paBHbIM 29,53 cyTok, To norpellHocTk cocTaenseT 0,005 cyTok Ha oauH JYHHbINA
Mecsl. YMHOXWB YWCMO MPOLUEALIMX MECSiLeB Ha 3Ty MOrpeLuHoch, nosflydaem obLLyio
norpewHock B 14883 x 0,005 = 74 cytok. Takum obpasom, Takoin cepnuk Bbin BUAEH 16 MIOHS
NC-MUHYC 74 OHS.

[ns nonyyeHuss oTBeTa C TOUHOCTLIO XOTA Obl OAWH OeHb, Mbl OOMKHbI YMEHbLUUTb
MOrpeLHoCTb CMHOAUYECKOro nepuoda XoTa Obl Ha OBa nopsgka, TO €CTb, UCMONb3oBaTh
3Ha4YeHue ¢ el xoTsa bbl 4BYyMS 3Ha4aLUMMy Lmudpamu.

OTO BO3MOXHO. B Tabnuuax y Hac ecTb nepvof obpaiieHnst JIyHbl C LeCTbio 3HaYaLMu
Uncpamy v ANIMHa CUAEPUYECKOro roaa C BOCEMbI 3Havalmmu uudpamu. Mcnonbays aTu
AAHHbIE MOXHO HaWTV cuHoAnYecknii nepuop JlyHbl € LWECTbIo 3HaYaLmmMm Ldpamm:

T = T2T4/(T=T4) = 365,25636 x 27,3217 / (365,25636 — 27,3217) = 29,5306.

C y4&ToMm 3TOl TOYHOCTH
439490 /29,5306 = 14882,47,

no ApoGHOM 4acTu 3TOro 4nMcna Mbl MOHMMAEM, YTo 22 UIoHS asa JIyHbl Obinia Gnimska K
MONHOMYHWIO, @ ONUCaHHbIA cepnuk Mor BbiTb BUAEH 3a 13,9 cyTok (Mroc-MuHyc % cyTok) Ao 22
nioHsi. To ecTb, nonyyaetcs, 4To ABNEHUe Habnioganock Ha Hebe 7-9 MIoHS, TO ecTb, B CAMOM
Havarne CTosHuS.

Moucku acrepompos. Teneckon AOMKEH MOMyyaTh OLMHAKOBYIO MHTEHCWMBHOCTL CBETA OT
acrtepouna u3 rnaeHoro nosica pasmepom D = 2,5 km u noka HeU3BeCTHLIM acTepouaoM nosica
Koiinepa. HyxHo yuuTbiBaTh criegyroLmne acnekThbi:

1. R. PacctosiHne ot ConHua: 2,8 a.e. ans acTepougoB U3 rmaBHOro nosca u okono 35-50
a.e. Ansi acteponnoB u3 nosica Koinnepa. VIHTEHCUBHOCTb CBeTa, nNajalmowlero Ha actepous,
obpaTHo nponopumoHanbHa KBagpaTy 3TOro pacCTOSHUSI.

2. L. Paccroanve ot Habniogatens (r.e. ot 3emnu): 1,8 a.e. ans acTepouaoB rnaBHOro
nosca (Bo BPEMs NpOTWBOGTOSHWIA) 1 okomno 35-50 a.e. AN acTepouaoB M3 nosica Koinepa.
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