MyHununajabHbli 3Tan Beepoccuniickoi oJiMMnuaabl MKOJIbHUKOB
10 ACTPOHOMMH
2021-2022 y4yeOHbIi To/1
11 xnacce
MaxkcuMaJjbHblIi 0211 — 48 0a/1710B

YBaxkaeMblii YYACTHUK OJTUMITHAIBI!

Bawm mpeacTouT BBIOIHUTE TeOpeTHYEeCKHe (MMCEMEHHBIC) 3aJaHuUsI.

Bpewms BeinosHeHMs 3a1anuii Typa 3,5 actpoHoMuueckux yaca (210 MunyT).

Brimonnenne Teopernyeckux (MMCHbMEHHBIX) 33/JaHUH  11e71eco00pa3HO  OpPraHU30BaTh
CIIeTYIOIUM 00pa3oMm:

- HE CIela, BHUMAaTeIbHO MPOYNUTANTE 3a/JaHNe U OTIpeIeNINTe, Hanbojee BEpHBIN U MOTHBIH
XOJ peIICHHsI U OTBET;

- OTBEYasi Ha TEOPETHYECKHH BOIMPOC, o0aymaiTe u chopMyaupyiiTe KOHKPETHBIH OTBET
TOJILKO Ha TIOCTaBJIEHHBIN BOIPOC;

- ecniu Bel oTBewaeTe Ha 3amaHue, CBA3aHHOE C 3allOJHEHUEM TaOJIMIBI WM CXEMBI, HE
CTapaiTeCch Ype3MEpHO NETATM3UPOBAaTh MH(OPMAIUIO, BIUCHIBANTE TOJBKO TE€ CBEICHHS WU
JTaHHBIE, KOTOPBIE YKa3aHbI B BOIIPOCE;

- TOCJIe BBHINOJHEHUS BCEX TPEAIOKEHHBIX 3aJaHUil eme pa3 YIOCTOBEPhTECH B
NPaBUIILHOCTH BBIOPaHHBIX BaMu 0TBETOB U pemieHui.

He criemmmre cnaBaTh pemeHus T0CPOYHO, €I pa3 MPOBEPHTE BCE PEIICHUS M OTBETHI.

3agaHue TEOPETHUECKOrO Typa CUMTACTCS BBIOJHEHHBIM, e€Clii Bbl BoBpeMsi craere ero
YJIeHAM KIOPH.

Tabauna BbICTaBIEHHBIX 02J1710B (3aNI0JIHAETCS NP MPOBEPKeE HKIOPH)

3amaua Nel | 3amaya Ne2 | 3amaya Ne3 | 3amaya Ne4 | 3agaua NeS5 | Bagaua Ne6 | Cymma




3apaua Nel. «CosiHeuHnas cucremay. (Maxcumanvhuwiii 6ann — 8 6annos)

Hcnonp3yst TOJNIBKO CIpaBOYHBIE JaHHbIC, [IPUBEACHHBIE B YCJIOBUM 3aJaud, OINpPENEIUTE
Maccy Ypana. 3BecTHO, 4TO ero cnyTHUK Tutanust HaxoauTcs Ha pacctostHuu 438000 km ot Ypana
U ero nepuoj oOpallleHus1 BOKpYr YpaHa coctasisieT 8,7 nus. M3BectHo, uto JlyHa pacnonaraercs
Ha paccrosHun 384000 kM oT 3eMiu, U mepuoa oOpalieHus €€ BOKPYr 3eMJIu paBeH 27,3 aHsM.
Macca 3emu — 6-10%* r.

3apaua Ne2. «I'eometrpusi B CojiHeuHoi#i cucreme». (Makcumanvruiii oair — 8 6anios)

Opbura Mepkypust IpecTaBIseT coO0M AIUIC, nepurenuit koroporo 0,31 a.e., a apenuii —
0,47 a.e. Haknon opoutsl Mepkypus K >KkiunTHke paBeH 7°. Ha kakoe MaKCHMallbHOE YTJIOBOE
paccTosiHUE MOXKET YAAIATHCS OT SKIUNTHKYA MepKypHid isi 3eMHOTO HaOIto1aTess?

3apaua Ne3 «3Be3aHoe 3aTMeHue». (Maxcumanvuwiii 6ann — 8 6annos)
B MakcuMyMme 3aTMeHHas TepeMeHHas 3Be3na umeer Oneck 6™, a munmmyme 8". Cuwras
3aTMEHHE IICHTPAJIBHBIM U CITYTHHK TEMHBIM, HAHTH OTHOLIICHHE 00hEMOB KOMIIOHEHTOB 3TOM Taphl.

3anaua Ned. «Ilpeueccus». (Makcumanvhwiii oain — 8 6annos)

beima Obl mpeneccuss Oosee OBICTPOM WIIM MEIJIEHHOH, eciu 3emuss Obuta Obl Oosiee
crutrocHyTol ¢ mommocoB? Ecnu Jlyna Haxoaunace 061 6nmke? Eciu 3emitst Obi1a Ob1 60I1ee MIoTHOMH?
Ecnu 651 3emiist Bpaiiaizach BOKpYT CBOEH ocu MenieHHee?

3agaua Ne5 «3Be3qHoe 3aTMeHUe». (Makcumanvhwiil 6ant — 8 6anios)

B crarbe “Kepler-6b: A Transiting Hot Jupiter Orbiting a Metal-Rich Star”, nocssieHHoi#
OTKPBITUIO OJIHOW M3 MEPBBIX 5 IUIAHET KOCMHYECKHUM anmaparoM Kemsep ecTh 3aHMMATENIbHBIN
rpaduK, Ha KOTOPOM HIKHSII KpUBas SIBISETCSA MPOCYMMHPOBAHHON 3a HECKOJIBKO CEaHCOB
M3MEPEeHUH MHTEHCHBHOCTHIO OJHOW m3 3Be3x (JleBas mkama Ha rpaduke). OueHuTe M3MEHEHHS
3BE3HON BENIMYUHBI, 3aduKcupoBaHHOE TereckonoM? YUrto Takoe sk3oruianera? Kakum meTogom
anmapat Keruiep mor HaxomuTh 3k3011aHeTsi? Kakue emie MeToapl HaXOXIACHUS! DK30IIJIaHET BBI
3HaeTe?

1.005

i}
- —
2 e
8 1 &
= 1000 g
@ =
® 0.995 ] g
o= r 2000 =
= L -
6] o
B i ©
£ poo ] £
r 3000
0.985 -—I . ! : ! . ! ; ] , | , |:
6 4 —2 0 2 4 6

Phose (Hours)

3agaua Ne6 «3emas-Jlynay». (Makcumanvuwiii Oann — 8 6annos)
Actponom Habmoaer 3a JIyHol, y kotopoii ¢a3za 0,56. Onpenenute, kakas (haza 3emin s
aCTPOHABTA HA BUAMMON cTOpOHE JIyHBI.



OcTajbHOE MECTO HA JIMCTAX B KJIETKY IPEeIHA3HAYEHO /15 3alIHCH 0TBETOB HA BOIIPOCHI
3ana4 Nel-Ne6. 3agaun MOKHO pemiaTh B IPOM3BOJIbHOM nopsiake. He 3a0biBaiiTe
YKa3bIBaTh HOMep 3aJa4M.



















CnpaBouHasi uH(popManus, pa3pemiéHHAs K UCI0Jb30BAHUIO HA
0JIUMIINAJIE

OcHoBHBIe (pr3HYecKHe H ACTPOHOMHYECKHE OCTOSIHHbIe
['paButarnumonnas nocrostaaas G = 6,672-10711 MOKT te
CKOpOCTBh CBeTa B BAKYyME ¢ = 2,99810% m/c

IToctoauuasg bonemMmana k= 1,38-10723 MEkre K
YHuBepcaibHas ra3oBas HoctossHHas 7 = 8,31 arkr-e K moms
[Toctosunas Credana—bonsimana 6 = 5,67+ 10 ¥ kre K
Iloctogaugas I1lnagka b = 6,626+ 1074 ke

Macca mpoTosa m, = 1,67-10 " kr

Macca s1eKkTpoHa m. = 9,11-10731 KT

DneMeHTapHbIH 3apsg e = 1,602 107" Kn

AcTpoHOMHYECKas euHMNA | a.e. = 1,496-1011 M

Ilapcek 1 1k = 206 265 a.e. = 3,086:10'° M

[Toctosturas Xad6ma H = 72 (xkm/¢)/Mixk

dannble o 3emute

Dxcuenrpucuret opdoutel 0,0167

Tponmueckwnii rox 365,24219 cytok

Cpennsist opOUTanIbHast CKOpocTh 29,8 Km/c
[Iepuon Bpamenus 23 yaca 56 MuHYT 04 CEKyHIbI

Hakion skxBartopa k skimunTuke Ha 31oxy 2000 roga: 23° 26" 21,45"
DKBaTOPHAJILHEIN paguyc 637814 kM

[Tomspuelit paguyc 6356,77 km

Macca 5,974-10*! xr

CpenHss wioTHOCTh 5,52 reM’”

OO6BéMHEI cocTaB atMochepsl: N (78%), 02 (21%), Ar (~1%).
Jannbie o CoaHne

Pammye 697 000 km

Macca 1,989-10°° kr

CRBETUMOCTD 3_,88'1026 Bt

CrnexTpaneHelii K1ace G2

Buaumas 38831Ha5 Bermunaa —26,78™

AOcomoTHas 6oaoMeTprUUecKas 3BE3/IHAS BETMUNHA +4, 72"
[Toxasatens nera (B—V) +0,67"

D¢ dexTurras Temmeparypa 5800 K

Cpennunii ropu3oHTAILHEI apayuiake 8,794"

MHTerpanbHbIi NOTOK SHEPIUH Ha paccTOSHUMU 3eMau 1360 Br/m

2
[ToTok »HEeprun B BUMMBIX TydaxX Ha paccTossHuu 3emn 600 Br/M
Jdannsie o JIyne

Cpemnee paccrosinue ot 3emin 384 400 kM

MunnmanbHOE paccTosHue OT 3emn 356 410 kM

MaxkcenmanbsHoe pacctosare ot 3emin 406 700 km

Cpenumnii skcrieHTprucHATET 0pOUTHI 0,055

HakioH mockoeTy opOoUTHI K SKIHNTHKE 5°09"

Cunmepuueckuii (3BE31HEIN) eproa odpamenus 27,321 662 cyTok

Cunomueckuii nepuon odparenus 29,530 589 cytok



Pamnyc 1738 km

[Iepuon npeneccuu y3i10B opOUTEI 18,6 j1eT

Macca 7,348- 107 xr mmm 1/ 81,3 Macchl 3eMiTd

CpenHsis IWI0THOCTE 3,34 T°eM

BusyaneHoe reomerpuueckoe aipdeno 0,12

BuauMmast 3BE3/Has BeJIMUMHA B IOJIHOIyHHe —12,7"

Bunnmas 3BE31Has BeTMUNHA B TIepBoit/mocenneit uetBeptnt —10,5

PUIHYECKHE XAPAKTEPUCTHKH COJTHUA U ILTAHET

m

XAPAKTEPHCTHUKH OPBUT II.TAHET

Inanera | Boabsmas nonyvocs | Ikcuent- | Hakaon k| Ilepuoa  [CuHonuueckuii
PHCHTET (ILIOCKOCTH| oGpalmieHHs nepHojl
PRJIHNTHKH

MIH KM a.e. epadycest cym.
IMepkypHit 57,9 0,3871 0,2056 7,004 87,97 cyT. 1159
Benepa 108,2 0,7233 0,0068 3,394 224,70 eyr. 5839
Bemust 149.6 1,0000 0,0167 0,000 365,26 cyT. -
Mape 2279 1,5237 0,0934 1,850 686,98 cyT. 780,0
FOmmTep 778.3 5,2028 0,0483 1,308 11,862 mer 3989
ICatypn 14294 | 9,5388 0,0560 2,488 29,458 ner 378,1
Ypan 2871,0 | 19,1914 | 0,04061 0,774 84,01 et 369.7
Hentyn 45043 | 30,0611 | 0,0097 1,774 164,79 et 3675

Ilnanera Macca Painyc Ilnor-| Tepuon |Hawxion | eo- | Bu.
HOCTH | BPAINEHHS |3IKBATOP |MeTp.[3Be3/1-
BOKPYI OCH |a K IU10c-| ajib- | Hasi
KocTH | Beto |Bean-
oponTEI A
Ke Macewl | ku |paduyest o 2padycel
Jeanu Jeamu
Conrite 1,989-10%7 [ 332946 [697000| 109,3 | L4l | 25380 cyr. | 7.25 - |-268
Mepiypuii | 3,302:10% [0,05271]2439,7| 0,3825 | 542 | 58.646¢cyr. | 000 [0,10]-0,1
Benepa 4.869-10*'10.81476 [6051.8| 0.9488 | 5.20 243,019 177,36 0,65 | 4.4
cyT.**
e 5,974-10* [ 1,00000 [6378,1] 1,0000 | 5,52 | 23,934 wac | 2345 |037| -
Mape 6.419-10%(0,10745[3397,2| 0,5326 | 3,93 | 24,623 wac | 25,19 |0,15|-2.0
[Omrep | 1,899-1077| 317,94 | 71492 11,209 | 1,33 | 9924 wac | 3,13 [052]-27
CaTypH 5,685-107 | 95,181 [ 60268 | 9,4494 | 0,69 | 10,656 uac | 26,73 [0,47| 04
[Ypan 8.683-10%| 14,535 [25559 | 4,0073 | 1.32 | 17,24 wac** | 97.86 | 0,51 | 5.7
Hentyn 1,024:10°°| 17,135 | 24746 | 3.8799 | 1.64 | 16,11 uac 2831 |041| 78

* — i HauOGoIbliell HIOHrallHH BHYTPEHHUX IUIAHET WU CPEJHETO NPOTHBOCTOSHUS

BHCITHHUX TUIAHECT.

*% _ oOpaTHOe BpalllcHHe.

XAPAKTEPUCTUKHN HEKOTOPBIX CHYTHUKOB ILLTAHET

Cnyrank | Macca |Pamnyc [ILliorHocts| Pamnye | Iepuoan (Feomer-| Bmanmas
opouTHI |oOpameHusi| pHY. 3Bé3/HAs
aJIb0e10| BeJnIHHA™
Ke KM 2/em3 KM cym. m
3emuist
UTyna 7,348-1033| 1738 | 334 384400 | 27,32166 | 0,12 =197
Mapc
Doboc 1,08:10°° | ~10 2,0 9380 | 031910 | 006 11,3
Jleiimoc 1,8:10" ~6 1,7 23460 1,26244 0,07 12,4
IOnutep
Mo 8,94-10% | 1815 3,55 421800 | 1,769138 | 0,61 5,0
Egpomna 48107 | 1569 3,01 671100 | 3,551181 0,64 53
Tanmven | 1.48-10% | 2631 1,94 1070400 | 7,154553 042 4,6
Kazmicro |1,08:10% | 2400 1,86 1882800 | 16,68902 | 0,20 5,7




Tedun
JInona
Pest

Tutan

Ser

Mupana
ApHaib
YMOpHITH
Turanns

ObepoH

7,55-10%
105107
2.49-10"
1,35-10%
1.88-10%

6.33-10"
1,7-10%
127-10%
3.49-10*
3,03-10%

Tpuron | 2.14-10%

2358
578.9
5847
788,9
761.4

1,21
1.43
1.33
1,88
1,21

1.15
1,56
1.52
1,70
1,64

CarypH
294660
377400
527040
1221850
3560800
Ypan
129900
190900
266000
436300
583500

Hentyn

1,887802
2.736915
4,517500
15,94542
79.33018

1,413479
2,520379
4144177
8705872
13,46324

| 1350 | 2,07 | 354800 |5,37685**

|

0,9
0,7
0,7
021
0.2
027
0,34
0,18
027
024

0,7

10,2
10,4
9,7
8,2

~11,0

16,3
14,2
14.8
13,7
13.9

13,5

* JUTS TIOJTHOJIYHHUS WIH CPE/IHETO IIPOTHBOCTOAHNA BHCITHUX ITTAHCT.

** _ pGpaTHOe HaNpaB/leHHe BpaIlleHHs.

®OPMY.JIbI MTPUBJINKEHOTO BBIYACIEHUA

sinx = tgx = x;

sin{a +x) = sin @ + x €o0s @,

cos(a +x) = cos & — x Sin &;

tglat+x)=tga +

(1+x)"=1+nx

(x << 1, yIuIBI BEIp@KArOTCA B pajJiHaHax).




