Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHI
Bo3Mo:kHbIe pelieHUs1 33124 U KpUTepuHu oueHuBanus (7 Kiacc)
3ananue 1 (8 6ans0B)
Pemenne.
1) JlynHoe 3atmenue.
2) MeTeopHbIii MOTOK MM METEOPHBII T0K/Ib.
3) KonbrieoOpazHoe cotHeuHOE 3aTMEHHE (MIIH ITPOCTO COJTHEYHOE 3aTMEHHE).
4) Ipoxoxnenne Beneps! o aucky CouHna (WK POX0XKIEHUE TIaHEeTHI 10 AucKy CoJHIIA).
5) onsipHoe cusiHKE.
6) Bocxox nim 3axon CosnHiia.
OuenuBanme.
3a npaBUIIbHOE Ha3BaHUE HeOecHOro sBieHus (pucynku 1-4) — o 1,5 6ana.
3a npaBWIbHOE Ha3BaHUE HEOECHOTO sBJIeHUS (PUCYHKH 5,6) — o 1 Gasty.

3ananue 2 (8 6a1710B)

Pemenne.

1) ITo ommbKe B CIIMCOK IoOMana rajJakTHKa.

2) Bcee octanbhble 00BeKTHI puHAIEKAT COTHEYHOH CUCTEME.

OuenuBanme.

1 myHKT perienus — 3 6ama.

2 MyHKT peuieHus — 5 6aios.

Ilpumeuanue: Bo3MoxxHO ykazaHue Kpome ranaktuku emie ConHIa ¢ 00bsICHEHHEM, YTO 3TH OOBEKTHI CaMH
U3JIy4aroT CBET. JTO pelIeHue OlleHuBaeTcs B 8 6asUIoB.

3ananue 3 (8 6a/10B)
Pemenne.
1) OguH U3 BO3MOXKHBIX BapHAHTOB PUCYHKA.

[Tpu oneHMBaHUM PUCYHKA HAIO OOpaliaTh BHUMaHHUE HA TO, YTOOBI TEPMHUHATOP (TpaHUIA CBETIIO/TEMHO Ha
noBepxHocTu JIyHbI) mpoxoaui gyepe3 noitoca JIyHsl (T.€. HEIOMyCTUMO prcoBaHue (a3bl, KaK «OTKYIIEHHOE
SIOJTOKOY).

2) OcHOBHBIMH (pa3aMH OOBIYHO CUHUTAIOT HOJHONYHUE, NOCIEOHION UYemeepmb, HOBOIYHUE, NePEYIo
yemeepme. 311eCh iepevncieHsl Gasbl JIyHbI B TOM MOpsiIKe, B KOTOPOM OHH MTPUBEICHBI HA PUCYHKE.

3) Ilpu onuceiBaeMoM mosniokeHuu JIyHbl OyneT HabII0IaThCs TOCIICTHSS Y€TBEPTh.

OuenuBannue.

3a npaBUIIbHBIN PUCYHOK — 2 Oasuia.

3a yka3aHue Ha3BaHUU OCHOBHBIX (a3 — 1o 1 Oamty 3a kaxayro ¢asy.

3a npaBuibHOE onpeenenue ¢dasbl JIyHbl Ha pucyHke — 2 6asia.

3ananue 4 (8 6a/110B)

Pemenue.

1) Tak kak 3emis IBHXKETCS MO opOuTe paguyca | a.e., TO MUHUMaJIbHOE paccTosiHue oT «Bosmkepa-1» 1o
Hamreii toranetsl (144 — 1) a.e. = 143 a.e.

2) 1 acrpoHoMHUecKas eauHUIA — pacctosiaue oT 3emun 10 Coxama — 149600000 kv = 149,6-10° m.

3) Paccrostaue ot «Bosmkepa-1» 10 Hameit mianeTs B km: 21392,8-10° m.

4) JlenuM paccTOSIHHE Ha CKOPOCTh CBeTa B Bakyyme: t = 21392,8-10°/ 3-:108 = 71309,3 ¢ = 1188,5 Mun =19 u
48,5 muH. Takum 06pa3zom, curHal uaet okoso 20 Jacos.

OuenuBannue.

1 myHKT perienus — 3 6anna.

2 myHKT peuieHus — 1 6an.

3 MyHKT penieHus — 2 Oana.

4 nmyHKT peuieHus — 2 6ania.



Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI

Bo3mosxHbIe pelieHHs 3a1a4 M KPUTEPHHU OLeHNBaHuA (8 Kiacc)

3ananmue 1 (8 6as710B)

Pemenue.

1) 3ems — 1.
2) CatypH — 5.
3) FOnurep — 3.

4) Mepkypusi Ha PUCYHKE HET, U MO YCIOBHIO €ro ObITh HE MOIVIO, T.K. Ha IUIAHETE
OTCYTCTBYET aTMocdepa, a 3HAUUT, U 00IaKa.

OuenuBanue.

3a Kax bl IPaBUJIbHBIN OTBET 110 2 faJia.

3ananmue 2 (8 6a,1710B)
Pemenue.

3 2

1) CornacHo TpeTheMy 3akony Keriepa: [%j = {_-I_r—lJ :
2 2

2) llepuon oOpamenuss 3emin Bokpyr ConHima paBeH 1 roay, 3emiis JBUraercs
oTHOcUTENbHO COJHIA MPAKTHYECKH M0 OKPYKHOCTH, TO €CTh 0OJIbIIAs MOJIYyOCh OPOUTHI
3emun Onm3ka k 1 a.e.
3) Torxa Goubluast monyock JHke paBHa a = 3.3%° ~ 2.22 a.e.
4) MakcumanbHoe ynanenue ot ConHua: 2a — yin = 4.11 a.e.
OuennBanue.
Tpetnii 3akon Kemnnepa (nmyHkT 1 pemenus) — 2 6anna.
[lepron obpameHuss U O60bIIAs MOJIYOCh 3EMIIM UM APYTOW TIIAHETHI I HaXOXKICHHUS
OOJIBIION MOTYOCH KOMETHI (ITyHKT 2 penieHus) — 2 0annia.
Omnpenenena 60Jibiasi MOJIYOoCh KOMETHI (ITyHKT 3 pelieHus) — 2 6asia.
Haiineno makcumanbHoe ynanenue ot Comnua (myHKT 4 perieHust) — 2 Oana.

3ananmue 3 (8 6as710B)

Pemenne.

1) 3Be3gy B 3TOMl 3ajgaye MOKHO pacCcMaTpUBAaTh KaK TOYEUHBIM HCTOYHUK CBETA,
ynaJeHHbIH Ha OECKOHEYHO OOJIbIIOE paccTOsiHUE. B 3TUX yClIOBUSX BCe JIydd OT OJHOM
3BE3/1bl, IONAJAIOLIUE B TJ1a3, IapaJlICIbHBI.

2) 3padok ke HaIllero ria3a B 3TOH 3aj1aue HE MOXKET CUMTaThCs TOUKOM. Tem Oosee oH He
ABJISIETCSI €10 HOYbIO, KOTJa Bbl 3KCIEPUMEHTHUPYETE CO 3BE3JaMU: MPUCIOCAOIMBASICH K
TEMHOTE, 3pavyOK MAaKCUMAJbHO PACIIUPSAETCs, YTOOBI MOOOJIbIIE MPONMYCTUTHh CBeTa. B
TEMHOTE AMAMETP YEJIOBEUECKOTro 3pauka paciupsercs 10 6 MM u Oosee.

3) Co3naBaemasi 3Be€3701 TE€Hb CIIUYKH, MaJasi HA 3pavOK, HE MOKPHIBAET €r0 MOJHOCTHIO.
[ToaTomy mipu r060M mosnoxxkenuu cnuuku C (puUC.) 4acTh Jydeld OT 3BE3[bl MPOXOJIUT B
3payok U o0pa3yeT Ha ceTyaTke ria3a B Touke O n300paxxeHue 3Be3/bl.
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Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI

4) Ilpu »TOM 3Be37a KaXKETCS NPOCBEUYMBAIONIEH CKBO3b CIHYKY, HO, pa3yMeeTcs,
BBITJISITUT MeHee APKOIl, TaK KaK 4acTb ee JTy4yel epexBaThiBA€TCs CIIMUKOM.
OunenuBaHnue.
1 myHKT pemenus — 2 6asia.
2 TyHKT pelnieHus — 2 6aa.
3 MyHKT penieHus (¢ pucyHkom) — 2 Gasia.
(6e3 pucynka) — 1 6an.
4 myHKT peeHus — 2 6anna.

3ananmue 4 (8 6a,1710B)

Pemenne.

1) Tak xak 3emuis ABUXKETCA MO opOUTe paguyca | a.e., TO MUHUMAJIbHOE PACCTOSIHUE OT
«Bosimkepa-1» no Hameit oranetsl (144 — 1) a.e. = 143 ae.

2) 1 actpoHOoMuYeckas enuHuna — pacctostHue ot 3emin a0 Comxua — 149600000 kM =
149,6-10° m.

3) Paccrosinue ot «Bosmkepa-1» 10 Halel miiaHeThl B KM: 21392,8-10° m.

4) JlenuM paccTOsIHIE Ha CKOPOCTh CBeTa B Bakyyme: t = 21392,8-10° / 3-10% = 71309,3 ¢
= 1188,5 mun = 19 4 48,5 mun. Takum oOpazom, CUTHAII UaeT 0Kojo 20 Jacos.
OuenuBanme.

| myHKT pereHus — 3 6aia.

2 MyHKT penieHust — 1 6ai.

3 MyHKT perieHus — 2 6aa.

4 MyHKT penieHus — 2 6ana.



Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI
Bo3mo:xHble penieHus1 3224 M1 KpuTepuu oneHuBanus (9 kiacc)

3ananue 1 (8 6a/1110B)

Pemenue.

1) Conuiie nBMOKETCS 10 HEOECHOM cepe MO IKIUNTHKE.

2) 3umoii ConHlle B HAIlMX LIMPOTAaX HAXOAMTCS HU3KO HaJl TOPU30HTOM — TaK 3UMOW JTHEM MPOXOAUT
sxmnTuka. Jlerom CoiHile OKa3bIBaeTCsl B MPOTUBOIIOJIOKHON YaCTH SKIMITHKH, KOTOPAs JIETOM JIHEM
IIPOXO/UT BBICOKO HaJl TOPU30HTOM.

3) lonnas JlyHa Ha HeOe pacmooKeHa MPOTHBOIIOIOKHO COJIHITY.

4) T.e. 1eTOM OHa HaXOAUTCS B TOW yacTW SKIMNTUKH, Tae ConHie ObUIO 3UMOM (IO3TOMY OHa Oyner
MPOXOANUTH HU3KO HAJl TOPU30HTOM), a 3uMoii JIyna Haxoautcs Tam, rae ConHile ObUIO JIETOM U MTO3TOMY
— BBICOKO HaJl TOPU30HTOM.

OuenuBanmue.

1 myHKT petienus — 2 Ganna.

2 MyHKT peueHus — 2 danna.

3 myHKT penieHus — 2 dania.

4 nyHKT peweHus — 2 Ganna.

3ananue 2 (8 6a,1;10B)

Pemenmue.

1) Bornb1re Bcero pa3HbIX 3BE3/ HA MPOTSHKEHUH T0/1a Oy/I€T BUIHO HA KBAaTOPE 3EMIIH.

2) Ha sxBaTope 3eMiu B TeUEHUE CYTOK BOCXOJAT U 3aXOJAT BCE 3BE3/IbL.

3) YacTs 3Be3/1 B TeUeHUE CYTOK MelaeT Habmoaath CoHIe, 0OHAKO, 33 T/ 3/1eCh MOYKHO YBUJIETH BCE
3BE37161 000MX MOINTyIIApHii HeOeCHOU cdepbl.

4) T'eorpaduueckas mupota CeBepHOro moiitoca 3eMHOro mapa paBHa 90°. 3Hauut, momoc mupa (U
ITonspHas 3Be3na) OyneT HAaXOAMTHCSA MPSAMO HaJ rojoBoil — B 3eHuTe. HeTpyaHo cooOpaszutk, 4TO
HeOecHBIN dKkBaTop Oyner 3aech, Ha CeBEpHOM MOJIIOCE, COBMANaTh C JIMHHEH ropu3oHTa. brmaromaps
sToMy Ha CeBepHOM MOJIIOCE Bbl YBUAUTE HEOOBIUHYIO KapTUHY JBMD)KEHUS 3BE3]: MEpeMellasch Bceria
M0 TyTSIM, MapajuIeIbHBIM HEOECHOMY 9KBAaTOPY, 3BE3IbI JBIKYTCS MapaJlIeIbHO TOPU30HTY. 3/1€Ch BCE
3BE3/1bl CEBEPHOTO MoJTymapus Heba Oy1yT He3aXOA[IIMMH, a FO)KHOTO — HEBOCXOSIIUMH.
OuenuBanmue.

1 myHKT peuienus — 2 Oana.

2 MyHKT peuieHus — 2 Ganna.

3 myHKT penieHus — 2 6ania.

4 nmyHKT peuieHus — 2 Ganna.

3ananmue 3 (8 6as1710B)

Pemenue.

1) PaccTosnue yBenuumnocs B 1,6 pasa.

2) SlpxocTh yMeHbIIaeTcs 00paTHO MPONOPIMOHATIBLHO KBAJPaTy PacCTOSHUS 10 OOBEKTA.
3) Buammast sipkocTh ymensmmiach B (1,6)% = 2,56 ~ 2,5 pas.

4) 3TO COOTBETCTBYET U3MEHEHHUIO POBHO Ha OJIHY 3BE3/IHYIO BEJIHMUUHY.
5) CnenoBaTenbHO, BUAUMAS «3Be3Has» Benuduna Gonaps 6yaer 2.
OuenuBanmue.

1 myHKT pemenus — 1 6an.

2 MyHKT peleHus — 2 Oana.

3 myHKT pemieHus — 1 Gamna.

4 myHKT pemeHus — 2 Oana.

[Tonyden mpaBUIIbHBIN OTBET — 2 Oana.



Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI
3ananue 4 (8 6a,1;10B)
Pemenue.

2 oy

M M
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1) [TepBast kocMu4eckasi CKOPOCTh /10 CTOJIKHOBEHUS R , 4 TIOCJIE€ CTOJIKHOBEHUS:
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' . 3necs M u Mg — mMacca 1utaneTsl 10 U 1ociie cToiIKHOBeHUS, R 1 Rg — paanyc 3emnu 10 u
MI0CJIE€ CTOJIKHOBEHHMS.
2) TlockonpKy Macca IITaHETHI IIPONOPLUOHANIbHA €€ 00beMy, a 00bEM INPONOPLHUOHAIEH DPAAUYCy
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, IICPBast KOCMUYCCKasA CKOPOCTh YMCHbUINJIACh B 2 pasa.

U=
IIJTaHCTHI B K}’6e, TO

3) CnenoBarenbHO,
OnenuBaHue.
BripaxkeHue 17151 mepBoii KOCMUUYECKOH CKOpOCTH — 3 Oasuia.
3aBHCHUMOCTB MACChl OT pajuyca IUIaHeThl — 3 Oaa.
[IpaBuiibHbIN OTBET — 2 Oaia.

3ananue 5 (8 6a/1;10B)

Pemenmue.

1) 3Be3ny B 3TOM 3amade MOXHO pacCMaTpUBaTh KaK TOUYEYHBIM HCTOYHHMK CBETa, YOAJICHHBIA Ha
O0eCKOHEYHO OOJBIIOe pacCTOsIHUE. B 3TUX yCIIOBUAX BCE JIy4d OT OJHOM 3BE3/bl, MONAJAI0NINE B TJa3,
napajuieNIbHBL.

2) 3padoK ke Halllero ria3a B ATOU 3a/Jaue He MOXET CUMTAThCs TOUKOM. Tem Oosee OH He SBISETCS €10
HOYBIO, KOTJa BBl OKCIIEPHMEHTHPYETE CO 3BE3JaMH: NPUCHOCAONMBAasCh K TEMHOTE, 3padyok
MaKCHUMAaJIbHO pacUIMpsieTcsl, YTOObI MOOOIbIIE MPOMYCTUTh CBETAa. B TEMHOTE TUaMeTp 4esloBEeUeCKOro
3payka pacimpsiercs 10 6 Mm u Oosee.

3) Co3naBaemast 3Be3/10i1 TeHb CIIMYKH, Ma/lasi Ha 3padyoK, HE TOKPBIBAET €ro MOJIHOCTHIO. [ToaToMy mpu
mo6oM nonoxeHnu cnuyku C (puc.) 4acThb Jydel OT 3Be3/1bl IPOXOIUT B 3padyoK U 00pa3yeT Ha ceTdarke
rinasa B Touke O u3o0paxeHne 3Be3/Ibl.

=@l ( 0

4) Ilpu sToMm 3Be3a KakeTcs MPOCBEYMBAIOLIEH CKBO3b CHUYKY, HO, Pa3yMeeTCs, BBITVIAIUT MeHee
APKOIl, TAK KaK 4acTb ee Jy4del mepexBaThIBaeTCsl CIIMYKOM.
OuenuBanmue.
1 myHKT pemienus — 2 Oana.
2 MyHKT peuieHus — 2 Ganna.
3 MyHKT penieHus (C pUCyHKOM) — 2 Oaiia.
(6e3 pucynka) — 1 Gamr.
4 myHKT pemeHus — 2 Oana.



Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI

OTBETHBI
3ananue 6 (8 6a/1;10B)
Pemenue.
Hapucyem cxemy nponera MKC (cm. puc.: T. O — uentp 3emnu, 1. C — & /__KB
noJiokeHue Habmonatens, orpe3ok AB — ropusonTt). [yis BerancieHus C

BpemenHu nposiera MKC Halinem cHauyana nepuoj e€ oOpaiieHust BOKpyT

3emiu, a notoM WIMHy nyru AB. OTHomeHue quunbl 1yru AB k pivnHe o

OKPY)XHOCTH (B JIMHEHHOW WM YIJIOBOM Mepe) Oymer paBHO

otHomeHuto Bpemenu nposieta MKC Hanx ropuzontoMm (mo nyre AB) k

Meproy oOpalieHusl.

[lepron oOpaieHUs MOXHO BBIYMCIUTH pa3HbIMU crocobamu. Kak

M3BECTHO, MepBasi KOCMUYECKast CKOPOCTh paBHa V=7.9 km/c.

JmuHa opouTtsl criytHuKa L=2*3.14*R=6.28*(R3+H)=42700 k™.

[epuon obpamenus MKC T = L/V=5400 cex=90 muH.

Jummny nyru AB win yron o HaiineM u3 tpeyroiabHuka AOB. TpeyronsHuk AOC — npsiMOYTOJIBHBIN.
CO =R3, AO = R3+H. U3 nero naxoaum: a/2 = arccos(CO/AQ) = arccos(6400/6800)=19.75°, a 3nauut
muiHa n1yru AB paBha 39.5°.

Otcrona, Bpems nposietra MKC Han ropusontom Oynet paBHo: t = (39.5/360)*T=590 cex=9 mun 50 c.
OuenuBanmue.

[IpencraBieH pUCyHOK, C YKa3aHHEM HEOOXOJIMMBIX AJIEMEHTOB — 2 Oaa.

VYka3aHo 3HaYeHHE NIEPBOM KOCMUYECKOU CKOpocTH — 1 Oa.

Omnpenenena mmHa opoutel MKC — 1 6ai.

Omnpenenen nepuoy oopamenuss MKC — 1 6am.

Omnpenenena anuna ayru AB — 2 6anna.

Haiineno Bpemst nponera MKC nag ropuzonTom — 1 6asm.



Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI

Bo3MoskHbIe pemienus 3a1a4 U Kputepun oneHuBanus (10 knacce)

Yuacmuuxu onumnuader mozym npedcmasume Opyzue eapuanmul peuwieHuil 3a0ay, KOmMopvle HYHCHO
ouenueamy 6 0ANNAX RO HATUYUIO HPUBEOCHHBIX HUMNCE (HPAKMOE OnUCAHUA AGNEHUNl WU INMANOE
peuienuil 3aoay.

Pewenusn c zpyovimu owmuokamu ouenusaromesn B 0 6annos.

Haubonvuwee konuuecmeao 6annos 3a npasuivHoe noiHoe peuierue Kaxcoot 3adaqu — 8 6annoe.

3agaua 1. Memeopom wnu «naoaiouwieil 36e300i» HA3BIBAIOT SBICHUC, BO3HHKAIOIICE NPU CrOPaHUU B
atmochepe 3emiu (I 6an) MENKUX METEOPHBIX TeEJl, HAPUMEP, OCKOJIKOB KOMET MM acTepounos (I oaun).
bonuoom Ha3biBaeTCs SIBICHUE aHAIOTUYHOE METEOPY, HO 3HAYUTENbHO OO0JIbIIEH MHTEHCUBHOCTU CBEYEHUS
(I 6ann): spue 38&3aH01 Benmunnbl —4" (I 6ann). Vinorna B KoHLE ciena 60nuaa HaOII0AaeTCa pa3pylIeHUe
MeTeopHoro tena (I 6ann). Memeopumom Ha3bIBAIOT TEIO KOCMHUYECKOTO MPOUCXOXKICHHUSA, yIaBIIee Ha
MOBEPXHOCTh KPyMHOro HebecHOro oobekta (I fann). Ha 3emiie MIUPOKO BCTPEUAIOTCS METEOPUTHI Majloi
Mmacchl (I fann). MeteopuThl OOJBIION MacChl MOTYT BBI3bIBATh CHJIBHBIC yJIapHBIC BOJIHBI, 3HAUYHUTEIbHBIC
MOBPEXKICHHUS JTaHAmIapTa U U3MEHEHHs cocTtaBa atmocheps! (I 6aun).

3agaua 2. Acrepoun HaOIIOAAa€TCA B MPOTUBOCTOSIHUY, CIIEOBATEIHHO OH JIBUTACTCS 110 BHEUTHEH opOuTe 1O
otHoueHuto K 3emie. Ero cunommueckuii nepuos oOpamienuss S mpuOMIKEHHO paBeH IBYM roaam: S = 2
roza (1 oann). OH cBsI3aH ¢ CHICPUYSCKHI TIEpHOI0M oOpameHus T:

1/S =1UT3-1T (1 6anrn),

rae T3 — nepron obpamienns 3emin Bokpyr Comnrna: Tz = 1 rox. [lomyuaem, uro T =2 roxa (1 dan).

ITo TpeTbemy 3akony Kemnepa

a%IT? = a5°/T4* (1 6ann),

/e a, a3 — OoJbIMe MOTyocH opouT actepouna u 3emin (az = 1 a.e.). st acreporaa monyvaem a ~ 1,587 a.e.
(I 6ann).

bmwkaiimeit 6onb110i rutaneToi sapnsieTcs Mapce, y KOTOporo 0oJibInasi HoIyock OpOUTHI

ay = 1,524 a.e. (I 6ann).

Hanmensiee paccTosHHe MEXAy HEOSCHBIMH TelIaMH IO YCIOBHSAM 33Jaud ONPEAENIAeTCS PasHOCTHIO
OO0JIBILINX TOJTyOCeH OpOUT:

a—ay~1587-1524~0,063 a.c. (2 banra).

3anaua 3. Beicota h BepxHell KyJIbMHHAINK 3BE3/Ibl, IIMPOTA MECTa HAOIIONCHUS (O, M CKIIOHECHHE O CBETHIIA
11t HaOuroaTenist B ceBepHoM nouryrapun 3emi (I 6a) B3anMOCBS3aHbl COOTHOLICHHEM

¢. +h—-38=90° (1 6ann).
Otrcrona Haxomutcsi ckionenue Cupuyca 6 = — 16°39' (I éHann). CoOTBETCTBEHHO, IIUPOTA BTOPOrO
HaOoaaTens paBHa ¢, = 46° 21’ ceBepHoit mupotsl (I oant).

Bropoii nmroOuTens acTpOHOMHM TaKKe MOXKET HAXOOUTHCS B FOKHOM moiymapuu (I éann). Ins Hero
COOTHOIICHUE MEKTy BBICOTOM CBETHIIA, IIUPOTON ¥ CKIIOHEHHEM MOXKHO 3aIIMCaTh B BUIE

|pw| + h—18] = 90° (2 6anna).
B aTOM ciydae, y BTOporo Habmonatens ¢ = — 79° 39" (1oxHast wmpora) (1 oan).

3anaua 4. [Ipu 3HaUNTENFHOM yJaleHUN 00BEKTA €r0 YIIIOBOW pa3Mep L MOXKHO BBIPA3UTh B PaJHaHaX Kak
OTHOILIIEHHE JIMHEHHOro pazmepa d K pacCTOSIHUIO I' 10 00BEKTa:

o =d/r (1 6ann). (1)

Tax kak 1 pag =206 265 yroBbIX CEKyH[, TO cooTHOIIeHUe (1) 3anuchiBaeTcs B BUIC:
o’ =206265d/r (2 6anna). (2)

Orcrona cnenyer:

d=a''r / 206265.
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B5%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%82%D0%B5%D1%80%D0%BE%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D0%B8%D0%B4_(%D0%BC%D0%B5%D1%82%D0%B5%D0%BE%D1%80)
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4%D0%B8%D0%BC%D0%B0%D1%8F_%D0%B7%D0%B2%D1%91%D0%B7%D0%B4%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%82%D0%B5%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B1%D0%B5%D1%81%D0%BD%D0%BE%D0%B5_%D1%82%D0%B5%D0%BB%D0%BE

Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI

Jlost BeICOTHI h 1 ipoTshkEHHOCTH | 00pa3oBaHus MOTydaeM 3HAUCHHS:
h = 0,85384000 / 206265 xkm = 1580 m (1 dann),
| =2,5¢384000 / 206265 xm = 4650 m (1 dann).

XapakTepHbIe JIyHHbIE TOpbl HasbiBaloTcs Kparepamu (I 6ann). OHM BO3ZHUKIM NpH maneHus Ha JlyHy
JIOCTaTOYHO KPYIMHBIX MeTeopuToB (I 6ann). B pe3ynbraTe Ha moBepxXHOCTH JIyHBI 00pa30BaIiCh KOJIBIIEBHIE
ropel (1 oann).

3anaua 5. [TockonbKy 00BEKT OJHOPOJIHBIN, TO BCILISCKH W3JTyYCHHS OJTHOBPEMEHHO I€HEPUPYIOTCS 10 BCel
ero noBepxHocTH. [Ipu 3ToM CcBeT OT mepeaHel yacTu 00bEKTa MPUXOIUT K HAOIIOJATEN0 paHblle, YeM OT
BUIUMBIX KpaéB HaOmomxaemoro mucka (I éann). PasHuiia BO BpeMEHH OMPECISeTCs] CKOPOCThIO CBETA C H
pamuycoM I oObeKTa:

t=r/c (2 6anna).
CrefoBartebHO, epruo] Kosiebanus ApKocTd T OAHOPOIHOrO 00bEKTa HE MOXKET OBITH MEHbIIIE HHTEPBaa t:
T2>t, (I 6an).

B npoTuBHOM cilydae MMITYJIbCBl U3JIy4€HHs OT pa3HbIX dacTeil oObekTa OyqyT HaKJIaJAbIBaThCs BO BPEMEHHU
ApYT Ha Apyra, COo3/1aBasi MPaKTHYECKH HeNpephIBHOE n3nydyenne. Haubonpmmii paanyc R oObekTa paBeH:

R =cT (I 6ann).

HaubGonbmee paccrosane D 1o oObekTa paBHo:

D =2cT/a (1 6ann),

rae oo = 0,001 — yrioBoii pazmep 00beKTa.

D = 2+3+10%3600+206265/0,001 = 4,46+10%° m = 14,5 1k (2 6a1a).

3agaya 6. Bunumas m u abcontoTHas M 3Be3/1HbIE BETUYUHBI CBSI3aHBI COOTHOIIICHHEM
M=m+5-51gD (k) (2 6anna),

D — paccrosiHue 10 3Be311b1, BeIpakeHHOE B apcekax. [lockonbky 1 ik paBen 3,26 cB. JeT, TO
D =65 cB. ner = 19,9 ik (I 6ann).

M=0,85+5-51g19,9=-0,65" (2 6arra).

CetumocTs L, BeipaskeHHas B enuauIax ceetumoctu ConHna L, Beraucisiercs mo gpopmyse
lgL=0,4(5-M) (2 panra),

L =182+L(1 6ann).



Bcepoccuiickasi 01TMMIIMAAA IIKOJIbHUKOB 10 acTpoHoMuu 2018/2019 yueOHbIii roa
MyHMUIHNAJIBHBIA 3TAI
OTBETHBI

Bo3mosxHble pemieHust 3a1a4 1 kputepuu onennBanus (11 kaacc)

3agaua 1. Ha pucynke o6o3Hauensl: P, P’ — ceBepHblil 1 10xHbIi nomtoca mupa; N, W, S — Touku cesepa,
3anana u tora; NWS — npoeknus miockocTd ucTuHHOTo ropuszonTta; QQ’', EE' — mpoekiuu miockocreit
HEeOeCHOT0 2KBaTOpa M SKJIMIITHKH; ( — YTOJl, PABHBIM HIMPOTE MECTa HAOIIOACHUS, € — YTOJl MEKIY
TUTOCKOCTSIMH SKJIMIITUKU U DKBATOPA; OL — YrOJI MEXy IUNIOCKOCTSIMH HCTHHHOTO TOPU30HTA M 9KBaTopa; 1 —
CTpeJiKa HampasiieHHs ABIKeHHs CONHIA 10 SKIIMIITHKE, 2 — CTPeJIKa HalpaBIeHHUs CyTOYHOTO IBUKECHUS
Comnniia BMecTe ¢ HeOecHOM cdepoil. B peutenuu modxcem 6bimsb HECKOAbKO UHOU PUCYHOK, OMPAAHCAIOUULL
osuoicenue Connya uepes mouxy W. I[onnwvui pucynox — 3 6anna. Munumanvroe cooepicanue pucyHka.
mouka \N, yenet €, . 1 cmpenka 2 Hanpasienus nswxenus Connua — 2 danna.

[Tpu 3akare B MomeHT paBHoaeHcTBUsi Conuie Haxomutcss B Touke W (I 6ann) u ydacTBYyeT B IBYX
newkenusx (I 6ann):. 1 — mo skaunTuke U 2 — BMecTe ¢ HeOecHOM cdepoii. IlepBoe ABHKEHHE JOCTATOYHO
MEJUIEHHOE, ¥ MM MOXHO IpeHeOpedb, BTOPOE J0CTATOYHO OBICTPOE, M ero Hy»KHO yuuThiBaTh (I 6amt). Tak
kak B Touke W BekTop ckopoctu CoNHIA MEPHEHAUKYISIPEH JIydy 3peHHs HaOMIoJaTenst U MPaKTUYeCKH
OpUEeHTHPOBaH BaoJb 3kBaTopa QQ' (I fann), TO OLEHKY UCKOMOW CKOPOCTH MEPEMEIICHUS M MPOSKIHU
LEHTPa COJIHEYHOTO JHCKA MOKHO BBITMIOJIHUTH 10 BEJIHMYMHE YTJIOBOH CKOPOCTH (), CYTOYHOTO BpAIllCHHS
HeOecHOH cephl:

Oy = 02C080 = c*C0S(90° — @) = 6,16°107° 1/c (1 6ann).

3anaua 2. [TockonbKy 1oJie TATOTEHUS SBJSETCS MOTEHIMAIBHBIM 10JIEM, TO OLIEHKY CKOPOCTH acTepousa Ha
3HAYUTENILHOM yJasieHnH oT CoJIHIIa MOKHO C/I€NaTh HA OCHOBAHUY 3aKOHA COXPAHEHUS dHEPIHH:

mv:2/2 — GmM/ry = mv,42 — GmMIr, (2 6anna),
m, M — maccel actepoua u ConHIa, Vi ¥ Vi — CKOPOCTH acTepoua COOTBETCTBEHHO HA PACCTOSHHAX I1 U 7
ot Connna, G = 6,67+107*! M*/(krec) — rpaBHTAIMOHHAS TOCTOSHHAS.

B nepurenuu r; = 0,255¢149,6+10° m = 38,15¢10° m (I 6ann). [Ipu 3HauuTensHoM yaanenuun ot ConHIA
paccTosiHEe [ MOXKHO CUHUTaTh paBHbIM OcckoHednoctd (I 6ann). Torma uis HCKOMOW CKOPOCTH
oTHOcUTENbHO COJHIIA OTyYaeM:

Vo2 = vi? — 2GM/ay ~ 26,4 kmlc (2 6anna).

Ota cKopocTh Ha OeckoHeuHOM ynaneHuu oT COJHIIA CpaBHUMA CO CKOPOCTHIO JIBIDKEHUS 3eMIIU 110 OpOUTE,
T. €. o4yeHb Benuka. CrenoBarenabHO TpaBUTalMOHHOE mose CoNHIa He MOXKET YyAepXkaTb acTepou]l B
Conneunoit cucreme (I 6anm). DTOT acTepOM SIBISETCS KOCMUYECKUM MPUIIEIBLIEM U 4Yepe3 HEKOTOpoe
Bpems nokuHeT ConHeunyro cuctemy (1 oann).

3anaua 3. [opu30HTaIBHBIM NapajyIaKCOM IIAHEThI Has3biBaeTcs yron p = 0,9, mox KOTOPBIM C IUIAHETHI
BuzieH paguyc 3eman R = 6370 xm. Pagmyc 3emin, paccTosiHME A0 IUIAHETHI I M IapajulakC CBS3aHbI
COOTHOIIIEHUEM

tg p = R/r (1 6ann).

Ortcrona, Uit pacCTOSTHHSA I IPH MAJIOM P, BEIPQYKEHHOM B YTJIOBBIX CEKYH/IaX, OJTy4aeM:
r=R/g p, unu r = R*206265"/p" (2 6anna),

BorumcysieM f = 1,460¢10° km = 9,77 a.e. (I 6ann).

HpI/I paauoJI0oKauy IIaHEThl BpEMSA OXKHUJaHUA OTpa)KéHHOFO CUrHajia onpeacisa€TCs HHTEPBAJIOM BPEMCHHA t,
MPOLIEIIET0 ¢ MOMEHTa W3JIyYeHHs] CHTHAla JO0 MOMEHTa npueMa ortpaxkénHoro curHana (I oamn). OHO
BBIUUCIISETCS 10 CKOPOCTH CBETA C U PACCTOSIHUIO 10 TIAHETHI:

t=2r/c (2 6anna),

ciiefoBaTeNbHo, t ~ 9733 ¢ = 162 mun = 2 1 42 muH (I 6aan).
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3agauya 4. [lockonbKy HaWOOJBIIEE PACCTOSIHUE MEXIy 3BE3amMu HaOmromaeTcss depe3 Kaxmaeie S50 JeT, To
nepuox T oOpamenus 3Bé3m cocraBasier 100 mer (I 6ann). Maccel M; W My OTHOCATCS OOpaTHO
MIPOMOPIIUOHATIBHO PACCTOSHUSIM I'1 U I 3BE3]] OT IIEHTpa Macc:

m1/m2:r2/r1=4/1, m = 4mo, r2=4r1(16wm).

PaccmaTpuBas qBukeHHE BTOPOi 3B€3/1bI OTHOCUTENIHHO MEPBOM, MOJTyYaeM KPyroBYyIO OpOUTY BTOPOH 3BE3/1bI
¢ paguycoM R =11 + ry, KOTOpBI ABIsIETCS HAMOOJBIIINM PACCTOSHUEM MEXIy 3BE3mamu. J{ist 310l opOoUThI U
OpOUTHI 3eMITH 3alMChIBACTCS YTOYHEHHBIHN TpeTHid 3akoH Kerepa:

(M1 + my)T? R® = (Mc + my)T5% a® (2 6anna).

3neck Mc 1 m3 — macceer Conama u 3emiu, T3 = 1 roxa, a =1 a.e. [IpereOperas maccoit 3eMin mosrydaem:
(M1 + my) = Mc R¥ T2 (1 6ann).

Panuyc R BeruucisieTcs uepes yriaoBoi pa3mep o M napajiakc p:

RGae)=al/p, a=25", p=0,05" (I 6ann),

(M1 + my) / Mc = (2,5/0,05)% 100° = 12,5Mc (I 6ann).

5m,=12,5M¢, My =2,5M¢, my=10Mc¢ (1 éannr)

3agaua 5. Bunumast m u abcomoTHass M 3Be3/1HbIe BEIMYUHBI CBSA3aHBI COOTHOILICHHEM
M=m+5-51gD (k) (1 6aun),

D — paccrosinue 10 3Be3/1bl, BhIpaxkeHHOE B mapcekax. [lockonbky 1 nk paBeH 3,26 cB. 1eT, TO
D =310 cB. et = 95,1 nk (1 6ann).

M=3,65+5-51g95,1=-1,24" (1 6ann).

CetumocTs L, BeipaskeHHas B enununax ceerumoctu ConHna L, Beraucisiercs mo gpopmyse
lgL=0,4(5-M) (1 6ann),

L = 313«L¢ (I oann).

B coorBerctBum ¢ 3akoHom Credana-

BOJIBIIMaHa CBETUMOCTH 3BC3JbI BBIYUCIISICTCS
mo e€ pamuycy R m temmneparype ¢orocdepbl

T:
L = 47R%cT* (1 6ann),

A
6 — mnocrosaHas  Credana-bonbimana. R o
HckoMyr0 CBETUMOCTh MOXKHO BBIPA3UTh Yepe3 S o
CBETMUMOCTh L, pammyc Rc u Ttemneparypy 5 =

dotochepst Te Connmna:

L = R*T*L¢/ RAT,

OTKYy/Ja 11oJiydyacm

R=Ru(Tc/ T)% (L / L) (1 6ann),
R=591Rc=4,11210° m (I 6ann).

3amaya 6. Ha pucyHke ¢okyc TIJIaBHOTO

3epkasia F rmokasaH Kak BEpIIMHA KOHYCAa OTPaKEHHBIX 3€pKaJoOM JIyuel, MIyIIMX MapajieNIbHO TJIaBHOU
ontuyeckoi ocu OC: O — neHTp KpUBHU3HBI 3epKasia, AB — mapaenbHblil J1yd, MOy HA paCCTOSHUU a OT
ocu, BF — otpaxénnslil ny4, paauyc R, moctpoeHHsli B Touky najaenus B, nenut yron ABF Ha nBa paBHbIX
yIJla COTJIAaCHO 3aKOHa oTpaxkeHHs. Tpebyercs oneHuTh paccrosuue FC.

IpasunvHulil pucynok oyenugeaemcs 6 3 danna.

Jnst cropoH TpeyronbHnka OBF MoXHO 3anucaTh TEOpeMy CHHYCOB:

FO/sin o = R/sin(n — 2a) (2 6anna).

Otcrona:

FO = Rsin o/ sin(n — 20)) = R/ (2c0s o) = R/(2(1 - sin® o)*?) (2 6anna).

Tax kak d << R, To yrox o MaJ1, Belmauroii Sin“o. MoxHo mpereGpeus: FO = R/2, FC = R/2 (1 6ann).
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