MyHuIMNAJbHBINA 3TAN
Bcepoccuiickoit 01MMNIMAABI IIKOJIbHUKOB
10 ACTPOHOMHUM
11 xmacc, 2020/2021 yueGHbIi rox

Jlnumenvrocms 3 uaca. Maxcumym 48 bannos.

1. CostHeunblii mapyc (8 6aJ710B).

JInsl MEXTIITAHETHBIX MYTEMIECTBUM MOKHO MCITOJIb30BaTh CONIHEYHBIN napyc. [IpeacraBbre, 4To
KOCMHUYECKHIl 30HA Maccod 10 T pacKkpbli CONHEYHBIH Mapyc M3 aJlIOMHUHHUEBOW (HOJIBIH
(mu1oTHOCTH p amoMunus 2700 Kr/M?), HAXOMBIIMICS PaHEe BHYTPU M 3aHMMABLINI TOJIOBUHY

Beca 30HAa. Halimute Tonmuny d 3Toro napyca miomaasio S = 6 400 000 M2,

Pemenne:
Macca nmapyca M = pV =pdS, tne M = 5 tonH. (4 6anra). Orctonga d = M / pS = 0,29 mxm (4

banna).

2. llepenna (8 6an10B).
Bo ckoJIbKO pa3 M3MEHHUTCS paauyc mnedenbl, eclii aMIUTUTYAa U3MCHEHHS ee OJiecka paBHA

1,5, a SpKOCTh €IMHUIIBI €€ TOBEPXHOCTH OCTAETCS MOCTOSIHHOW?

Pemrenne:
[lo ycnoBuio 3amauu MOBEPXHOCTHAas SPKOCTh (M 3QexTuBHAs Temiieparypa) Ledeubl
OCTaeTCs MMOCTOSIHHOM, M OJIECK M3MEHSETCS TOJIBKO 3a CYET M3MEHEHHUH e€ MPOCTPaHCTBEHHBIX
U BUAUMBIX pa3MepoB. B aTom ciyuae cipaBeiuBa popmyna:

Am =51g Ry/R;, (3 6anna)
rae Ry u R, — paauychl nedenpl B MUHUMyMe U MakcuMyMe OJiecka (2 6anna). TloacTaBiss
YHICIIOBOE 3HAYEHHE BENMYUHBI Am, MOJdydaeMm, 4YTO B MakcuMyme Ledeuga mmeer B 2 pasa

(3 6anna) GonpIIMi paanyc, 4eM B MUHUMYME.

3. Mapc kak aBe Jlynsl (8 0amnoB). B couuanbHbIX CETAX MEPUOJUYECKH TMOSBIISIIOTCA
COOOIIIeHHsI, UTO OAHAXABI (1aTa Bce BpeMs MeHseTcs!) Mapc OyaeTr BujieH Ha HeOe, KaK JBe
Jlynber. Onpenenure, SBISIOTCS U Takue COOOMIeHUs (GEeHKOM WU OMMCAaHHAs CUTYyaIusl BCe-

Taku Bo3MOXkHa? OLIEHUTE, KaKuM JOJDKHO OBITh paccTosiHue 10 Mapca, 4ToObl €ro IJIoiaib
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Ha HeOe B 2 pasza mpeBblmana Iiomanas moiaHou Jlyael. HeoOxomumble MOMOTHUTEIHHBIC

JaHHBIC MOXXHO HAWTHU B CHpaBO‘{HLIX MaTcpualiax.

Bo3mo:kHoe pemienue:
ITycte D — quametp Mapca (unu JIynsl), a R — paccrosiuue 1o Mapca (wnu JIyHbrn).
N3 CpaBOYHBIX MaTepUajoB HAXOUM, UTO CpeiHee paccTosiHue oT 3emun 10 JIyHsl — 384 400

KM, paauyc JIyael — 1738 kM (cooTBeTCTBEHHO, nuameTp 3476 kM), paguyc Mapca — 3397,2 km

(nuametp 6794,4 km).
Torna yrinosoi pasmep p Mapca (unu JIyHbl) MOKHO ONPEIETUTh U3 YPaBHEHUS
p D
[ AR
= 2 2R

[TpuHuMas BO BHUMaHKE MaJIOCTh YIJia p, TAHTCHC yTJIa MOKHO 3aMEHUTh CAaMUM
YTJI0M, BBIpaXXEHHBIM B panuanax. OTcioja noiyyaem

R==2

P (1)-2é6anna
s toro utoObl miomianas Mapca Ha HeOe Oblia BIBOE OoJibIIe IUIOMIAnW MONHON JIyHBI,
BHIMMBII HaMetp Mapca 1omkeH ObITh B \2 pa3s Gosiblite BUAMMOTO AHameTpa JIyHSL.
pv =72 pr. (2) -1 6ann

OTcroaa nonydaeM pacctosiHue 10 Mapca:
Ry = (Ri1-Dm)/(V2-Dir) = 384400-6794,4 / (N2:3476) = 531 300 kM. (2 6anna)
[Tomyuaercs, Ans peaqu3alyy TOTO, YTO MUIIYT B MOCTaxX B COLCETAX Mapc AOMKEH OBITh OT
3emnm Ha paccrosiuun Ommxke, yeM 530 Teic. kM. B paeiictBuTenprHOCTM Mapc HuKOrAa He
noaxoaut kK 3emie Tak Onmsko. bmmke Bcero Mapc okaspiBaeTcs K 3eMIIM B MOMEHTHI
npotuBocTosiHus. Camoe Omkaiiiiiee paccTosiHue OyAeT Toria, Korjaa Takas KOHQUTYparus
peanu3yercs B cllyyae HaxoxjaeHus 3emuu B adenuu, a Mapca B Mepureiiu CBOUX OpPOMT.
CrnenoBatenabHO, MUHUMAJILHOE PACCTOSIHUE!
au(1 —ey) —as(1 +e;) =1,5237-(1 — 0,0934) — 1-(1+0,0167) = 0,3647 a.e. = 54 557 muH. kM. (2

banna)



MyHuIMNAJbHBINA 3TAN
Bcepoccuiickoit 01MMNIMAABI IIKOJIbHUKOB
10 ACTPOHOMHUHU
11 xmacc, 2020/2021 yueGHbIi rox

Jlnumenvrocms 3 uaca. Maxcumym 48 bannos.

[ToaTomy mocThl MOOOHOTO poaa — dhewk. (1 dann)

OuenuBanue.

Maxkcumanvnas oyenxa 3a s3mo 3a0anue — 8 6annos. 3adavy ModxHcHO yClo8HO pazoums Ha 4
amana. Bo-nepgvix, Hado Haumu 3asucumocmuv y2n08o2o pasmepa Mapca (unu Jlymer) om
pasmepa u paccmosnusi 00 Hezo. 3a smom sman cmagumcs 2 oanna (opmyra (1)). Bo-
8MOPbIX, HAOO NOHUMAMb, YMO UMEHeHUue ouamempa OKpyxicHocmu 6 k paz npugooum K
usmenenuio niowaou 6 k? pas, u naobopom. 3a smom 661600 cmasumcs 1 6ann (popmyna (2)).
Bepnvui pacuém paccmosinusa oyenusaemcs ewe 6 2 éanna. U, naxouey, 3a 00Ka3ameibCmeo
moeo, umo Mapc Hne modcem npubIUNICAMbCA HA MAKOE PACCMOSAHUE U 6bl800 O MOM, YMO
CO00WeHUs He COOmBemMCcmayom OelicmeumenvHocmu — ewe 2 éanna. flgnoe ykazauue Ha mo,
ymo Hosocmv — @pelik, oyenusaemcs ¢ 1 oann. Hmozo 8 6annos. B cnyuae, eciu 61600 0
petikosocmu Hosocmu coenarn 6e3 00KA3AMENbCMBA HeBO3MOJICHOCmU moeo, umo Mapc
MOdicem pacnonaeamsycs Ha MaKkoM pAcCMmOsHUU Om 3eMmau, mo 3a 6ecb NOCAeOHUll 3man

cmasumcsa 1 0an1 u MaxcumanbHas oyeHka 3a 3a0ady He Moxcem npeeviuiams 6 6annoe.

4. JIBoiinas 3Be3aa (8 O0amaoB). Beiunciure maccy (B maccax CoJiHIA) KaXIIOW W3 3BE3J,
BXOJISIIIIUX B COCTaB TaKOW JBOWHOW 3BE31bI, y KoTOpoi mapamiakc 0,57, mepuon oOpamieHus
80 net, 6oJbiasi MoJyoch OpOUTHI BUIHA C 3eMJIM T YoM 187, a 3Be3/1bl OTCTOST OT IIEHTpa

Macc Ha PacCTOSAHMSIX, OTHOCSIIUXCS Kak 3:1.

Bo3MoxkHoOe pelienue:

ITycte m = 0,5 — nmapamiakc ABOMHOM 3Be3/bl. Torma paccTosiHhe JO HEE MOXXHO HAWTH MO
dbopmyine: r =1/t =2 napceka. (1 6ann)

3Hasi pacCTOSIHUE JI0 3BE3/bl U BUJMMBIN yriIoBOW pa3mep OONBIION MOJIyOCH MOXKHO HAWTH
peanbHbI pa3Mep OOJBIION MOTYOCH OPOUTHI:

a=ro =2 napceka - 18” =36 a.e. (2 6anna)
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Bocnons3yemcss 0000mmeHHBIM TpeThUM 3akoHOM Keruiepa, 9ToOBI HaWTH CyMMY Mace
KOMIIOHEHT JBOWHON 3Be3/bl. [[BOWHYIO 3Be3y OyleM paccMaTpuBaTh B CpPaBHEHUU C
cuctemoit 3emnsa-CoHiie.

(T,)? M, +ms) / (T?-(my + my)) = (as)’/a’. (1) (2 6anna)
Maccoii 3emiu 1o cpaBHeHHI0 ¢ Maccoit ConHIla MOKHO TipeHeopeub. T; = 1 rox, a; =1 a.e.
Torga: m; + my = a*M/T? = 7,29M... (I 6ann)
Jlns ABOMHBIX 3BE3J: mr; = My, Toraa mp = 3m;. Orcroga: m; = 1,82 maccel ConHia, mp; =

5,47 maccel ConHnia. (2 6anna)

Ilpumeuanue: 3a nanucanue mpemvezo 3axona Kennepa 6 0606wennom euoe (hopmyna (1))
yuacmHuxk noayyaem 2 oanna, oazxce eciu He UCHONb308A] €20 8 OalbHelulem peuleHuu. 3a

apugpmemuueckue omudKU 06Was oyenka 3a 3a0ady chudxcaemcs na 1 oann.

5. Beicota Jlynsl (8 6asmuioB). M3BectHO, yTO OpOuTa JlyHBI HAKIOHEHAa K IUIOCKOCTH
SKJIMIITUKU Ha YTOJ, IPUMEPHO paBHbIN 5°. B kakoM nuama3oHe BBICOT BO BPEMs IHSI OCEHHETO
pPaBHOJIGHCTBUSI MOXeT HaOmiomaThes monHas JlyHa B BepxHed KyiabMuHanuu B Mockse (B

TOUYKE ¢ KOOpAUHATaMu ¢ = 56°, A = 37°)?

Bo3moxnoe pemenue: B neHbp oceHHero paBHOAEHCTBUS (COJHIIE HAaXOAUTCS B TOYKE
OCEHHET0

PaBHOJICHCTBUSL — TOYKE IEPECEUYECHUs SKIUNTHUKUA U HEOECHOTO 3KBAaTOpa, U €ro CKIOHEHHE
paBHo 0°. B omuceiBaeMmblii B yCIOBHM 3a7auud MOMeHT JlyHa Obuia B (paze MOJHONYHHS, a
3HAYUT, OHA HAaXOJIWIach B OKPECTHOCTH TOUKHM BECEHHEro paBHOAeHCTBUs. Ilpu sTom m3-3a
TOTO, YTO IJIOCKOCTh OpOUTHl JIyHBI HAKJIOHEHAa K IJIOCKOCTH SKIUNTUKA Ha yroia B 5°,
ckjioHeHue JIyHbl JeXUT B auanazoHe ot —5° go +5° (Mbl mpeHeOperaeM HEKOTOPbIM
U3MEHEHUEM CKJIOHEHHs JIyHbI, CBSI3aHHBIM C T€M, YTO MEXKJIY MOMEHTOM IOJIHOJIYHUS U

MOMEHTOM BEPXHEW KYJIbMUHALIUHA MOIJIO IPOWTH HEKOTOPOE BPEMSI).
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Kak w3BecTHO, BBICOTA OOBEKTA B BEPXHEW KyJIbMHUHAIMU CBS3aHA C €r0 CKJIOHCHHEM U
MIUPOTON MyHKTA HAOIIOAEHUs (HOPMYIIOi:
h=90°—¢@p+4§

[ToncraBuB 3HaUEHUS, TOTYIUM hpin = 29°, hypay = 39°.
DTOT K€ OTBET MOXKHO MOJy4YUTh, BCIOMHUB, 4YTO B MOCKBE HEOECHBIN SKBATOP HAXOAUTCS HAJl
TOUYKOH fora Ha BbicoTe 34°. JlyHa OyaeT HaXOAUThCs B Tuana3zoHe +5° oT Hero.
OtBeT: auamna3oH BbICOT OT 29° mo 39° (momyckaeTcs OTKJIOHEHHE OT yKa3aHHBIX T'DaHHI] B
HECKOJIbKO YTJIOBBIX MHHYT TIPH HCIIOJIB30BAaHWM O0J€€ TOYHOTO 3HAYCHUS HAKIOHCHUS
op6uts! JIyHbl)
Kpumepuu oyenueanusn:

Vkazanue Ha TO, 4TOo JlyHa B ONHChIBAEMOE BpEMs HAXOAWIACh B TOYKE BECEHHEIO
PaBHOJICHCTBUSA (UK ObLIa 0J1M3Ka K HEOECHOMY 9KBAaTOPY) OlIEHUBAeTCs B +2 HaJiia.
- 3a 000CHOBaHME yKa3aHUs U3 MPEAbIAYIIEro MyHKTa +2 0aJJa.
- 3a BepHYIO 3alliCh WX BBIBOA (POPMYIIBI AT KyJIbMUHAIIMK +2 faJia.
- OnpenencHue BeICOTHI JIyHBI orleHnBaeTcs B +1 6ay1 3a KaskabIid U3 ciay4daeB (hyin 1 hpay).

Maxkcumym 3a 3a0auy 8 6annos.

6 Muaauon Jlyn (8 O6angoB). OmuH ¢daHTacT NPENIOXKWI caenaTh U3 BemiecTBa JIyHbI
MUJUTHOH C(pepryecKux CIyTHUKOB, TOMECTUB WX IPUMEPHO B TOM Ke MecTe, rae JIlyHa Obuia B
NOJIHOJTYHHE, TIPUYEM TakK, 4YTOObl OHM HE 3aciOoHsANIu Apyr Apyra. OueHuTe, Kakas BUIUMAas

3Be3/IHAS BEIMYMHA OYET Y ATOTO MIJUTMOHA MaJIeHbKUX JIyH BMecTe B3SThIX?

Bo3mo:xHoe pemenue: Eciv caenaTh CIyTHHUKHA U3 TOTO JK€ BemiecTBa, 4To W JlyHa, TO W3
anpbeno (oTpakarenbHasi CIOCOOHOCTh) OyneT Tou ke camoil. CiiemoBareabHO, HEOOXOIMMO
CPaBHHTH TUJIONIAIA OTPAXKAIOIICH MOBEpXHOCTH JIyHBI 1 MUJIJTHOHA CITyTHUKOB.

Tax xak 001muii 00BEM CITyTHUKOB paBeH 00beMy JIyHBI, TO paguyc KaKJ0ro CIIyTHHKA Oy/eT B
100 pa3 mensble paaunyca JIyHbI:

4/3nR3 = 10°-4/3nr?, 35auut R = 100r. (2 6arna).
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[Inomans OTpaXkaromiell MOBEPXHOCTH KaXIOro CIyTHHMKa Torma Oyzer B 100 = 10000 pa3
MeHbIe Tutomanu JlyHsel, a cymmapHas miomanb okaxercs B 100 pa3 Gomblie MOBEPXHOCTH

Jlynsl. (1 6ann).

Tak kak OTpaKeHHBIH CBETOBOM NOTOK OyAeT NPONOPIMOHAJIEH IUIOIAAM OTpaXkaromei
MOBEPXHOCTH, TO 3TO MHOKECTBO MAJICHbKUX CIYTHUKOB Oyner cBeTuTh B 100 pa3 sipue, uem
Jlyna. (2 oanna).

Hanee mm6o Bocmomb3yemcst ¢dopmynoit Ilorcona, b0 BCIOMHHMM, YTO OTHOIIECHHUIO
ocenieHHocTed 1:100 cOOTBETCTBYET Pa3HOCTh BUAMMBIX 3BE3JHBIX BelMYMH Am = 5™ (2
banna craButcs nmbo 3a ¢opmyny Ilorcoma, nubo 3a yka3aHue CBS3M OTHOILCHUS
OCBEILIEHHOCTE! W Pa3HUIbl BUAMMBIX 3BE3JIHBIX BEIMYHMH), OTKYyJa IMOJY4YUM, YTO HCKOMas

3Be37Has BeauunHa m =—12,7 — 5 =—17,7". (I 6ann 3a eepusvlii KOHeUHbLI OMaEem).



