PosB’a3ku 3aBaaHsb |l eTany BeceykpalHcbKkol onimniagn 3 acTpoHOMil
TeopeTnyHun Typ

3asgaHHa 1 (10, 11 knac)

Konu — BnitTky 4n B3MMKY — noBHun Micaub nigHiMaeTbCcs BuLle Han

ropusoHToM? Bignosigb obrpyHTymnTE.
Po3B’sa30k

MoBHMI Micsaub 3aBXaM 3HaXoaUTbCS B AiaMeTpanbHO NPOTUIIEXHIN TouLi
no BigHoweHHo o CoHus | cnoctepiraeTbCa BCHO Hi4. MakcumarbHa KMoro
BMcoTa Byae oniBHOYI, Kofin COHLE B HWXKHIN KyrbMiHauil. BniTky CoHue BUCOKO
Hag rOpPM3OHTOM | Hernnboko nig ropu3oHTOM BHOMI, Micsub BHoui 6yge
nigHiMaTuca HU3bKo. HaBnakn, B3nmkKy Bucota CoHUSA Hag ropu3oHTOM MeHLUA i
BOHO rMunbLle 3axoauTb Nif ropu3OHT BHOMI, a, oTke, noBHU Micaub 6yae Hag
rOPM30HTOM BHOMI BULLE.

Bignosigb. Banmky.

3aBgaHH4a 2 (10, 11 knac)

Lo TpuBae goslie Ha [1iBHIYHHOMY MONKOCI — MNONAPHUMA OeHb YM NOSIipHa
Hi4? BignoBiab NOACHITb.

Po3B’s130K

Axkwo posrnagatv CoHue SK TOYKY, TO MOMEHTOM MNoYaTKy NOSIIPHOro AHSA
Ha [MiBHiYHOMY nontoci Byno © npoxomkeHHss CoHudA 4Yepe3 TOYKY BECHSIHOro
PIBHOOEHHA, @ MOMEHTOM 3aKiHYEHHS — MPOXOXKEHHSA Yepes3 TOYKY OCIHHbOro
piBHOAEHHSA. B uen nepiond cxuneHHa ueHtpa CoHusa 6 > 0, a, omxe, CoHue
Byae Ha normoci CBITUMOM, WO He 3axoauTb (OCKINbKU Npun UboMy §g > 90° — ).
LiboMmy npoMmixkKy Yacy Bignosifae nosioBUHa BENMKOro KOJia eKITiNTUKN.

OpgHak gHeM MU HasMBaeMO nepiof, KONvM Hag ropu3oHTOM BUAMMOKO €
xoya 6 yacTMHa COHSIMHOro Aucka, a He Moro ueHTp. Tomy CoHue cxoauTb
paHille i 3axoauTb Mi3HiWe, HDK LEeHTP COHSAYHOrOo OUCKY 3’SABRSETbCA Han
FOPU3OHTOM YM XOBAETbCA Mi4 TFOPU3OHT. 3a paxyHOK LUbOro TpuBanicTb
nonsipHoro aHs 6yae 6inbwoto. KpiMm Lboro, atmocdepHa pedpakuisi 3a paxyHoK
3anoMseHHs NPOMeHIB y atMocdepi 36inbLUye BUAMMY BUCOTY CBiTUNA, a, OTXe,
MOMeHT cxofy CoHuSA CnoCTepiraeTbCs paHille, a MOMEHT 3axoay Mi3Hile, Hix
Kpan AOUCKa 3HaXoOUTUMETbCA Ha ropu3oHTi. Lli npuyMHn npussBoaaTtb OO
30inbLWEHHA TpUBANOCTI NOSISIPHOrO AHA MOPIBHAHO 3 MOMSIPHOK HivY0 Ha 060X
nositocax.

Ha [liBHi4HOMY nontoci NONApHUA OeHb TpuBae Oinblue LWe 3 OAHiel
ApUYMHN. 3a paxyHOK eninTUYHOCTI opbiTh BNiTKY 3eMnsa 3HaxoauTbCa Hamaani
Bin CoHus (B acdpenii). Y BignosigHocTi 3 apyrum 3akoHom Kennepa BoOHa
PyXaeTbCs B LEW 4Yac MOBiNbHiWwe, HK B3MMKY nobnu3y nepurenito. OTXe, i
CoHue no ekninTuMui B LEW 4Yac pyxaeTbCHA MOBiSbHiWeE. ToMy MONOBUHY
EeKNINTUKN BIi4 TOYKM BECHHAHOINO PIBHOLEHHS OO0 TOYKM OCIHHBOrO BOHO
npoxoanTb 3a OiNblWNA Yac, HX iHWY 11 NOSIOBMHY, a NONApPHUM OeHb Oyne



OinbwKm 3a nonapHy Hiv. (Ha lliBHiYHOMY nontoci TpMBanicTb NOMSPHOro AHA
cknapgae 6numsbko 186 fib)
Bignosiab. NonapHun geHb.

3asgaHHa 3 (10, 11 knac)

LUTy4HUn cynyTHUK 3emMni obepTaeTbCs HABKOMO MNaHeTU no eninTUYHIn
opOiTi. B TOYUi nepureto 1oro LWBUAKICTb LOPIBHIOE APYri KOCMIYHIN LUIBUOKOCTI
OS5 TOYKM anoreto. 3HanTN ekcLueHTpUCUTeT opbiTn CynyTHUKA.

Po3B’a30k

3anMwemo anorenHy BiACTaHb Yepes eKCLEHTPUCUTET oplbiTn e i Bennky
niBBiCb OpOITK:

Q=a(l+e)

[pyra KocmivyHa WBMAKICTb AN TOYKK anoreto (Ha BiactaHi Q Big LeHTpa
3emni) moxe 6yTn obuymcneHa 3a Gopmyrnoto:
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3a ymOBOI, TaKy LUBWOKICTb CYNyTHUK Mae B TOLi Mepurelo: v, = vy,.
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Bigkngaroun Big’€MHUIA KOPiHb, 3HAaXoauMOo: e = —2 + V5 = 0,24.
BignoBigb. e = 0,24.
3aBgaHHa 4 (10, 11 knac)

CKinbKkn Yacy NpoKrLwno Big CNoNy4YeHHS A0 NPOTUCTOSHHSA NMIaHETU, AKLLO
il 6BrMcK ana 3emMHOro crioctepiraya 3a uen yac 36inbwmsca Ha 0,85™? Opbity
NNaHeTn BBaXXKaT KOJSIOBOIO | TAKOHO, LLIO NEXUTb B MMOLLMHI EKMINTUKN.



Po3B’a30k
BiactaHb Big 3emni 40 nNnaHeTu y CnosydYeHHi ri;=a+ag, Y NPOTUCTOSHHI
r,=a—ag. BigHOLLEHHA NOTOKIB CBiTNa Big NaHeTn
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3a TpeTiMm 3akoHOM Kennepa 3HaxoguMo cuaepudHumn nepiog obepTaHHA
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[Mpomixkok 4vacy t Big crnonydeHHa 00 MPOTUCTOAHHS CKagdae MoOSIOBUHY

CUHOOWYHOrO nepiogy obepTaHHs, ToA;
1 1 1 1 _T-Ty

S 2t T, T TT,
Mpunmatoumn To=1 pik, 0AEPXKNUMO:

O TT, 11,7741

S 2T-Ty) 2-(11,77-1)
Bignosigb. 200 fib.

t

~ 0,546 poky =~ 200 zi6

3aBgaHHa 5 (10, 11 knac)

Y cy3ip'T OpioHa, Ha BigctaHi 120 cBITNIOBMX POKIB Bi HAcC, 3€MHI
acTpoOHOMM BUABWUNK 3ipKy, 3a BCiMa napameTpamu aHanoriyHy CoHuto.
LimBsinizauis "3eneHuMx 4onosivkiB", WO XWMBE Ha OOHIN 3 nNnaHeT, ska
obepTaeTbCcsi OOBKONa Tiel 3ipku, TakoxX 3auikaBunaca Hawum CoHuem.
BumiptoBaHHA napanakca Haworo CoHuUsl, BWKOHaHI acTpoHOMaMu Tiel
umBinisauil (3rigHO 3 X Knacu4YHUMK NpaBuriamuv BUMIPHOBaAHHS Maparnakca),
aanu pesynbTaT 0,039". 3HanTn TpuBanicTb POKY Y 3eNeHUX YONOBIYKIB.

Po3B’a30k

Mapanakc CoOHUs, BU3HAYEHUN 3ENeHMMU YOmoBiYKaMU, MNOB'A3aHUN 3

BiacTaHHIO (y napcekax) Big CoHUS A0 1X 30pi KIaCUYHUM CriBBIgHOLLEHHAM:



a . . . o
r =—, e a — BenvKa nissiCb opObiTn nnaHeTtun (a.0.), T — NapanakTUYHUN KyT

(y KyTOBVIX CEeKyHOax).
3Biacu Benuka niBeiCb OpbiTM NNAHETU «3eneHUX YOSOBIYKIBY [OOPIBHIOE

a = rr. Ockinbkn 1 nc=3,26 cB. pOKy, BiACTaHb A0 30pi r = ;izz ~ 36,8 mc.

Toaia =36,8-0,039 = 1,44 a.o.

BukopucToByoun ysaranbHeHU TPeTiM 3akoH Kennepa gna pyxy 3emni
HaBkosio COHUS i NNaHEeTN «3eneHnxX YONOoBIYKIBY HABKOMO X 3ipKu, 0A4epPXUMO:
TéM 4n? _ T*M
=52 = — = —, fie Mo — maca CoHLs, M — maca 30pi.

0

Ockinbkn 3a yMOBOK 30psi 3a BciMa napameTpamu aHarnoridHa CoHuto, 11

maca M=Mgy. Togai ,EU'IFI cnagepuyHoro nepiogy obepTaHHA NNaHeTn «3efeHnX
L Té  T?

YOIOBIiYKiB» MaemMo —3— 3
0 a
/ =1 / L~ 1,72
al pik - E POKY

Bignosigb. TpuBanicTtb poKy y «3erieHnX YonosiykiB» 1,72 poky.

3aBgaHH4a 6 (10, 11 knac)

«JleTiova sipka bapHapga» mae pekopgHo Benukuim BnacHun pyx (10,4" Ha
piK). NMpomeHeBa wBnakictb 3opi —106,8 kv/c. MNapanakc 3ipku gopisHioe 0,55, 1i
BUOMMa 30psHa BenuunHa 9,6". BusHaute yac, uyepes skun 3ops  Byade
Hanbnkye oo CoHus, Ta il 30psiHY BENUYNHY Y LIEN MOMEHT.

Po3B’s30kK

Comnrie

3a BnacHMM pyxoMm 30pi J 3a pik Ta napanakcom TT 3HaXOAUMO CKragoBy

IJJBVI,EI,KOCTi nonepek NpoMeHs 3opy (TaHreHuianbHy LWBUOKICTb):
U KM 10,4 kM

= 4745 — = 4,74 ~ 89,6 =,
0,55 ¢ C

I'IOBHa LLIBVI,uKICTb 30pi B NpocTopi Moxe OyTn Bu3HayeHa 3a ABoma Ii
B3aEMHO NepneHauKyNSpHUMU CKNagoBUMU v, Ta V..

v =vZ+v?=.896+(-1068)? ~ 139,4—.
3 BEKTOPHOro TPUKYTHMKA 3HAXOAUMO KYT, SIKUA YTBOPHOE 3 HANPAMKOM Ha

Uy

. . v
30PK0 Il LUBUAKICTb: SIngp = ?T, CoSQp = ?

3ops




LLlo® 3HanTM NONOXEHHS 30pi B MOMEHT, KOS BOHA Hanbnmxk4ye (Toyka B),
OMyCKaeMO MNepneHauKynsp 3 TOYKM S Ha HanpsaAMOK, B3LOBX SKOrO PyXaeTbCs
30psi.

. . 1
BioctaHb 0o 30pi 3apas r = _— E 1,82 mic.

3 NPSIMOKYTHOro TpUKyTHUKa SAB 3Haxogmmo:
89,6

MiHIManbHY BiACTaHb A0 30pi: Iy =SB =71r-sing =r-—=1,82- T30a > ~ 1,17 uc;
lvrl

BiICTaHb, SIKy Npoliae 30psi 4O MOMEHTY 30NMKEHHS: L = AB =T-cosp =71

Yac pyxy 30pi 4O MOMEHTY HanbinbLLIOro 36 MKeHHS:

KM
t = L_riv] =1,82-3,08-10'3 106’87 3,08- 10! 9,8 i
= ; v = KM - m = O, C = YJ,0 THC. pOKIB
CZ

OcsiTneHicTb, cTBOptOBaHa 30pet Ha 3emni, NpyM LUbOMY 3MIHUTLCS B

E r2
— = —— pa3. 3a copmynoto lNorcoHa

Eo min
Moy — M = —2,519550 = —2,5lg %m = —5lg—~ ——
Mgy =M — 5lg = 9,6 — 5lg£ ~ 8,6™.

Bignosigb. 3ops 6yge Hanbnukde go CoHusa 4vepesd 9,8 Tuc. pokis, Ti
30psiHa BenuuuHa cknapatmime 8,6™.

3aBaaHHa 7 (10, 11 knac)

BuaHauntn TpuBanictb Aobu Ha nnaHeTi, pagiyc SKOi yABidi MEHLWWn 3a
pagiyc 3emni, maca y BiciM pasiB MeHLWa 3a mMacy 3emni, a NPYXWHHI Barn Ha
eKBaTopi nokasyoTb Bary Ha 1% MeHLy, HiXX Ha NOosoCi.

Po3B’sa30k
[Ons 3HaxomKeHHs TpuBanocTi Aobu Ha nnaHeti (TobTo nepioay

. . 2 .
obepTaHHs HaBKONO BriacHoi oci) T =f (w — KyTOBa WWBMAOKICTL O0BEpPTaHHSA

nnaHeTn), 3anuwemo ApyrMn 3akoH HblTOHa gng Tina macoww m, LWo
3HaxoauTbCs Ha ekBaTopi NnaHeTu. 3a YMOBOW, PIiBHOAINHA CUNKM TSXKIHHA Ta
peakuii onopu (BenMyYMHa OCTaHHbLOI | € Bara) cknagae Ha eksatopi 1% abo 0,01
Bil CUNM TAXIHHA Ha nomnci (4e HemMae HOPManbHOro MPUCKOPEHHA | Us
piBHOAIMHA [OOpiBHIOE Hynw). LA piBHoAiMHA Hapgae Tiny [OOLEHTPOBOro
NPUCKOPEHHS B NPOLIECI PYXY MO KONy npu obepTaHHi nnaHeTu:

ma,,, = F, —N = 0.01F,

M,m M3m M3m 1
X 3 2=~ =2-0,01"mgs.

= =
2R? 2

mw?R = 0,01 - G =0,01-G >=0,01-G

"3
o(%)
__001g3 _ 001g3 00193

2R 2.(%) Ry
Y piBHsIHHAX M3 — maca 3ewmni, G — rpasiTauiHa ctana, R = Rz/2 — pagiyc

nnaHeTn. 3 KyTOBOI LUBMAKOCTI 06epTaHHsA 3HaxoanMo 1i nepioa;:

3BigkM w?



21 R; 6,37 - 106Mm
—— =27 | ———— ~ 50600 c > 14 rog ~
@ 0,01-g3 0,01-9,8

~ 0,59 3eMH. 106U
Bionosigb. 0,59 3emHoi gobw.

3aBaaHHsA 8 (10 knac)

BHyTpiwHa nnaHeTa A i 30BHiLLHA nnaHeTa B npu cnoctepexeHHi i3 3emni
MalTb OAHAKOBUW CMHOAWYHMIK nepiog S. YoMy AOpPIBHIOE CUHOOUYHWUIA nepios
nnaHeTn A npu cnocTepexeHHi 3 nnaHeTn B?

Po3B’a30k

MosHaunmo nepiogn obeptaHHa 3emni i nnaHeT A, B HaBkono CoHus
yepe3 T, Tp i Tg BignosigHO. 3anuwemMo Bupasn AOS18 CUHOAWYHOrO nepioay
KOXHOT 3 NnaHeT:

11 1
S Tsq T
11 1
S T Tg

[lopaBLum Ui piBHOCTI, 04EPXUMO:
1 1 1 1

11
S S Tq4 T T T

1
2 1 1
S T4 Tg
[MpaBa 4acTnHa Uui€l PIBHOCTI Jae CUHOOMYHUW nepiog nnaHetu A npu

. 1 1 1 . . s
cnocTepexeHHi 3 B: — = — — —. 3Biacu cnigye, Wo S,z = -
SAB Ta Tp 2

Bignosigb. CuHOON4YHUIW nepioa nnaHeTn A Npu CNOCTEPEXEHHI 3 NraHeTn

B cknapae S/2.

3aBaaHH4A 8 (11 knac)

[MoaginHa 30ps cknagaeTbcsa 3 6NakMTHOI 30pi 3 TEMNepaTypolo NOBEPXHI
30 000 K i 6rinckom 0™ Ta yepBOHOI 30pi 3 TemnepaTypoto 3 000K i Gnurckom 5™,
Ak BigHOCATLCA pagiycy umx 3ip?
Po3B’a3ok
Mo3Haunmo T;=30 000K — Temnepatypa nepwol 3o0pi, 7,=3 000K —
TemnepaTtypa gpyroi. OckinbkM 3a YMOBOK 3ajadi 30pi YTBOPHOKTb €4UHY
rpasitTauiiHy CUCTEMY, BOHU 3HaxXOAATLCS Bif 3€MHOro crnocrtepiradya npakTu4Ho

Ha ogHaKoBiM Bigaani, a, 3Ha4nTb, X CBITHOCTI NPONOPLiNHI BUAMMUM Bnuckam:
Ly _E

L, Ey’
3 dopmynu MorcoHa 3HaxoouMO: % = 2,512M2""1 = 2 512>0 = 100,

2
(Takuin xe pesynbTaT MOXHA OTpMMaTW, 3ragasBlUW, LIO Pi3HULI B 5 30psiHMX



BENMYMH Bignosigae 3miHa ocsiTneHocTi B 100 pasiB). OTxe, | Ansa CBITHOCTEN

3ip Maemo i—l = 100.
2

CBiTHiICTb NOB’A3aHa 3 TeMnepaTyporo Ta pafiycoM 30pi CNiBBiAHOLLEHHSIM:
L =0T*S = 4nR?cT*, pe S =4mR? — nnowa noBepxHi 30pi, &=oT*-
MNOTYXHICTb, O BUMPOMIHIOETLCS 3 OAMHWULI NoBepxHi 3opi (3akoH CTtedaHa—
BonbumaHa, 30pto BBaXXaEMO HYOPHUM TiSIOM).
L1 _ AmRioT{ _ RET{

Topi — = =

a L, 4mR20Ty}  R2T)
R} _ L4T4
RZ LT

B Jlaf Tl (Bl (300, g o Loqg o L
R, LT TE L, T, L, 30000 100 10°

TobTo pagiyc gpyroi 3opi B 10 pasiB GinbLUni.
nnosige, KL = -
BianoBigpb. R, 10



