BCEPOCCUNCKA ST OJTUMITUAIA IIIKOJIbHUKOB
ACTPOHOMMSI 20222023 yu. r.
MYHUIUITAJIBHBIN OTAII 10 KIIACC

OTBETHI 1 KPUTEPHN OHEHNBAHUA

MaxkcuMaibHasi OleHKa 3a padory 71 0an.

3agaua 1

BriGepure siBienue, Koropoe 3apuKCUpoBaHO Ha POTO.

1. 9aCTHOE COJIHEYHOE 3aTMEHUE

2. JIyHHOE 3aTMCHHE

3. KOJIbIIEOOPa3HOE COIHEYHOE 3aTMEHUE
4. meneJibHbIN cBeT (4 6aIa)

Makcumanvhas oyenka 3a 3a0anue 4 oanna.



Bcepoccuiickas onuMmnuaga mWKoiabHUKOB. ActpoHomus 20222023 yu. r.
Mynunmnanesbiid otamn. 10 knace. Kpurepuu oneHuBaHus

3agaum 2-4

Ha pucynke mpencraBieHa ¢otorpadus BCIBIXHYBIIEH B OJHOM W3 CO3BE3IHM
CeepHoro nonymapusi Heba SpKoi HOBOIA.

2) BreibepuTe U3 crrcka Ha3BaHUE CO3BE3/UsA, B KOTOPOM OHA BCIIBIXHYJIA.

Kaccuones

Boabmas Measeauna (4 6aia)
bonpsmioi Ko

ITonoBHUK

Mamnag Mensenuiia

Opuon

Jlebenn

Pax

JleB
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3) Byner nu BuiHAa HOBast HEBOOPYXEHHBIM IJ1a30M?

1. na (2 6asna)
2. HET
3. HETb3sl BRIOpATh

4) OneHute 3BE3HYIO BEJIMUUHY HOBOM.
Ortger: 2 (6 6a/u10B 32 OTBET B MHTEepBae [1.5; 2.5], ocranbHbie 0TBETH — () 6A/UIORB)

Maxkcumanvhas oyenka 3a 3aoanue 12 oannoes.
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3agauu 5-6

Bokpyr 3Be3npl HaOmromaercs mbuieBas 00o0Jiouka. MozenupoBaHUE IOKa3alo,
YTO OHA COCTOWT W3 MBUTMHOK paamycoMm 0,1 MKM, BHyTpEeHHHI paamyc 00OJOUYKU
paBeH 2 a.e., TOJIMMHA OOOJIOYKHM paBHAa 15 MJIH KM, KOHLEHTpauus mebm 1 w3
(1 mpITMHKA B KYOUUYECKOM METPE).

5) UeMy paBeH 00bEM MPOCTPAHCTBA, 3aHUMAEMbI 0005104K0i? OTBET MpeCcTaBbTEe
B KyOUUYECKHMX aCTPOHOMUYECKHX eIMHULAX (a. €.%).

6) Cxonbko acTepouaoB paaunycoMm 10 kKM Hag0 pa3apoOUTh, YTOOBI OMYYUTH TAKYIO
e TBIIEBYI0 0007109Ky? OTBET OKPYTIUTE 0 IETBIX.

Pemenue

O6BEM mapa MOXKHO BBIUMCIHTE 1o dopmyie V, = 4/3mR3. O6bM 060109KH —
3TO 00BEM MPOCTPAHCTBA, 3AKIIOUEHHBIA MEXKY TBYMs chepamul ¢ €TMHBIM LIEHTPOM
U paguycamu, paBHbIMH BHyTpeHHemy (Ri) u BHemnemy (R, = Ri + AR) paguycam
000109KkHd. MOKHO BBIYHCIUTH 00BEM 000JIOUKHU KaK

V= %n[(Ri + AR)3 — R3],

[Tockonbky R; > AR, TO mocieqHion (GopMyily MOXXHO yHpOCTUTh. Packpoem kyO
CYMMBI:

4
V= §n(Ri3 + 3RZAR + 3R,AR? + AR3 — R?).

3neck Ri® cokpamaercd, a M3 OCTAaBIIMXCA YIEHOB TOT, KOTOPBIA COAEPkKHT Ri?,
3aBeIOMO OOJibIlle OCTajdbHBIX. Takum o0pa3oM, mojiydaeM YI00HYHO (opmyny
JUTSl BBIYUCIIEHUSI 00bEMa 000JIOUKH, Ubsl TOJIIMHA TOPA3/I0 MEHbIIIE paanuyca:

V = 4mR?AR.
TosmuHa 000JI0YKH B aCTPOHOMHYECKUX €UHUIIAX PaBHA
AR =15-10%/150 - 10° = 0,1a. e.

[Toncrasnsgem 3HAYEHUS:

V = 4m(2a.e.)?0,1a.e. ~ 5a.e.3
Jlyist oTBEeTa HAa BTOPOM BOIPOC BBIPA3UM HaWJIEHHBIN 00HEM B KyOHMUECKUX METpax:

V =5-(150000000000)3 =~ 1,69 - 103* M3,
[Ipy KOHUEHTpauy NbUIK N = 1 M™ YKUCII0 MBUIMHOK YKCJIEHHO COBIANAET C
N=nV =1,7-103* mr.

Kaxxnas nputnaka nMeeT 00bEM

Vo = 27rd = 270,0000001° ~ 4,19 - 1072 2
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3HAYUT, CyMMapHbIil 00bEM BCEX MBUTMHOK COCTABIISET
V,N =7,08 1013 M3,
O6bEM actepouaa paguycom a = 10 000 M paBen
V, ==ma® ==m10000° = 4,19 - 1012 .
Tenepb MOKHO ITIOJY4YHUTh OTBCT:
VN

Nan_az 17 .

Otser:

5) 5 (6 6an0B nipu oTBeTe B MHTEpBaJe [5; 5,3], ocranbHbie 0TBeTHI — () 0AJIIOB)

6) 17 (6 6annoB npu otBete 16, 17, 18, 4 6anna npu orBere B Auanazone (16; 18)
0€3 MpaBUILHOTO OKPYTJICHUS; B OCTAILHBIX Cirydasx — () 6aymioB)

Maxkcumanvnas oyenka 3a 3aoanue 12 o6annos.

3agaum 7-9

[IpencraBnenHas 3apucoBKa OblIa BBITIOJHEHA B CpemaHux Imuporax CeBepHOro
MOJTyLIapHsl.

7) Bomu3u xakoil koHpurypanuu Haxoaurcs FOnurep?

1. IpOTHUBOCTOSIHHUE
BOCTOYHAs KBajJparypa
3amajiHas KBajaparypa
coequnenue (4 6asa)

~w
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8) B kakoit mecsir Oblia ciesiana 3aprucoBKa?

STHBaph
Mau

UIOHB

171001 3

ceHTAOpD (4 6a1a)
HOSIOPB

neKaophb

No o ksowdRE

9) Kakoe siBjieHUE 3ae4aTICHO Ha 3aPUCOBKE?

1. Bocxoa Counna (2 6aja)

2. 3axox ComHIla

3. Bepxuss KyapmuHaIus CoiHia
4. HwkHsA KynbMuHaiys CoHia

Maxkcumanvnan ouenka 3a 3a0anue 10 6annoes.

3agauu 10-11

Bo BpPCM: BU3YaJIbHBIX Ha6JIIOI[eHI/Iﬁ .HYHBI B JIMH30BBIA TEJIECKOII HAa €r0 OOBEKTHB
HCIIPO3pavYHbIM I‘IépHBIM M&pKépOM HaHCCJIM PUCYHOK, aHAJIOTUYHBIN IMpCACTAaBIICHHOMY
B YCJIIOBHH 3a/1a4H.

10) Kakas u3 3apucoBok JIyHbl OyneT COOTBETCTBOBATh HAOIIOJEHUSM B TaKOU
«YCOBEPIICHCTBOBAHHBI TEJIECKOI?
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6 (4 6a1a) 7

11) Ouenute, BO CKOJIBKO pa3 ociiabHEeT u3oOpaxkeHue JIyHbI mpu 3ToMm (BbIOEpUTE
U3 cliicka Hanbosee OJU3Koe 3HAaUCHHE).

HaoOopoT, JIyHa cTaHer sipue
B 1,0001 paza

B 1,01 pa3za (4 6a/u1a)

B 2 pa3a

B 3 pa3a

B 5 pa3

B 10 pa3

B 111,2 paza

COBCEM HE Oclla0HeT
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Maxkcumanvnas oueHka 3a 3a0anue 8 6annoes.

3agaum 12-13

Ha pucyHke mnpencraBieHa cxema BHAMMOTO € 3€MJIM JBUXKEHUS HEKOTOPOTO
acTepoujia, UMEIOUIEro nepuoj opoutainpHoro oopamienus 1100 cyTox.
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OpOutel 3emiu W acTepouja KpPYroBble M JieKaT MOYTH B OJHOM IUIOCKOCTH,
a actepoun oopamaetcst BOKpyr CoiHIIa B Ty K€ CTOPOHY, YTO U 3eMJIsl.

Ilpumeuanue: Tpu peIICHUH CUYUTATh, YTO BpalCHUEM 3eMJIM BOKPYT CBOEH OCH
MO>KHO TIpeHeOpeyb.

Onpenenure:

12) opOuTanbHy0 CKOPOCTh ABMKEHHS acTepouaa. OTBET NPUBEAUTE B KM/C;

13) aOCOMIOTHYIO BEIWYUHY (MOIYJIb) TAHI'CHIIMAILHOM CKOPOCTH JIBHIKCHHS
acTepousia OTHOCHUTEIhHO HabOmromarens Ha 3emsie B Toukax A, B um C.
OTBeTHI IPUBEAUTE B KM/C.

Pemienne
Tak kak mepwoj oOpameHus acTepouaa OOJIBIIET0 3eMHOTO, TO MBI MOXEM CIEIaTh
BBIBO/I, YTO OH BHEIIHUH, T.€. pa3Mephl €ro opOuThI OoJibiie 1 a. e.

Ha pucyHke HWXKe TMNpEACTaBICH MEXaHU3M, OOBACHSIOUIMI MeTIeo0pa3Hoe
nBWKeHue acrepousia (OykBa T o0o03HAYaeT MOJOKEHHE 3eMJIu Ha opOuTe, a OyKBa
M — nonoxeHue acTepouia Ha ero OpoUTe B COOTBETCTBYIOIINE MOMEHTHI BPEMEHN ).

e
3\ , 4 S
|
Ms/ M4 M3
Mes 2
M7 M1
T T

CkopocTh actepoujga OTHOCHUTEIBHO 3e€MJIM paBHA PAa3HOCTH BEKTOPOB CKOPOCTH
3eMJI1 U acTepoua:

_— —_— —
VOTH = Va - V3
BuaHo, 4TO 1EHTp METJIM MOMATHOrO JBIKEHUS (0003HAUEH B yCJIOBHM OykBOul B,

a Ha PUCYHKE B pelleHud — HUGpoi 4) COOTBETCTBYET MOMEHTY BPEMEHH, KOraa
acTepou]i HAXOAUTCA B IMPOTUBOCTOSHUHM. B 3TOT MOMEHT BEKTOpa CKOPOCTEM
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actepouJa M 3eMJIM MapajuieJbHbl ApYr Jpyry (T. K. OHHM HampaBJi€Hbl BJOJIb
KacaTeJIbHON K OpOUTE) U HAMpaBJICHBI B OJIHY CTOPOHY.

KpyroBast ckopocTh BeIpa)KaeTcs 4epe3 painyc OpOUTHI M IIEPUOT 0OpaIlleHUS:
V=22
P

JUtst 3eMiu noJTy4nM:
21a, 30 KM
3 P, c’

rzie ay — paauyc opouTsl 3eMiH, a Py — IpOAOIKUTENBHOCTD 36 MHOTO TOJ1a.

Jlist actepouza B YCJIOBMM JaH TOJIbKO mepuoi oOpamienus P. Pamuyc opOuThI
(HamOMHMM, YTO B CJIy4ae KpyroBOW OpOMUTHI OH paBeH OOJIBIION MOIYOCH) MOXKHO
HalTH C TOMOLIBIO TPEThEro 3aKoHa Kerepa:

(o) =)

Otcroaa 6omblas Mojayoch aCTEPOUJIa B ACTPOHOMUUYECKUX €AMHUIIAaX OyJIeT paBHA

2

a _ i 3
a (Po) '
st P= 1100 cyrok a = 2,085 a. e.

KpyroBast ckopocTs acTeponia paBHa:
2nta

Va—T.

MO>XHO BBIYMCIUTH €€ 10 3TON (GopMyse, a MOXKHO MPUBECTU K Ooyiee yA0OHOMY
BUTY:

a/ag
V.=V
= 5P/,

IToncTtaBUB BENUYMHBI, TOJYYUM BEIUMYMHY OPOUTAIBLHON CKOpPOCTH acTepouja
Va=21 xM/c. Kak yxke ObUlO ckazaHo, B Touke 4 (cepeluHa NETIH) BEKTOPHI
CKOPOCTEM IUIAHETHl MW 3eMJIM MapaJICIbHbI, MOATOMY OTHOCUTEIBHO 3eMIIU
CKOPOCTbB JBIKCHHS acTeponaa OyJeT paBHa pa3HOCTH CKOPOCTEH, T. €. 9 Kkm/c.

= V(P/P)™/?

B toukax A u C (Tak Ha3pIBaEMBIX TOYKAX CTOSHUS) MPOUCXOJUT CMEHA
HaIpaBJICHUS] BUAUMOIO ABUKEHHS acTeporia. B 3T MOMEHTBI TPOEKIIUH BEKTOPOB
CKOpPOCTH 3€MJIM M acTepoujia paBHbI Apyr Apyry. [losToMy B MpeAnosoKeHuu, 4To
IJIOCKOCTh  acTepomia COBHAAET C TUIOCKOCTBIO OKJIMMNTHKH, Habo1aeMast
OTHOCUTEJIbHAS TAHTCHIIMAIbHASI CKOPOCTh acTepouia oyaet pasaa 0.

Otser:
12) 21 xm/c (4 6anna nns orBeta B uHTepBaie [20; 22], B OCTAJIbHBIX CIydasx —
0 GanyoB)
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13) B Touke A ckopocth 0 (2 6amuna), B Touke B ckopocth 9 km/c (4 Ganna
3a nonaanue B uHTEpBai [8; 10]), B Touke C ckopocts 0 (2 6asna)

Maxkcumanvhas oyenka 3a 3aoanue 12 oannoes.

3amaum 14-16

l'opsaT nBe jmammbl, W3Iy4darollde B BUAMMOM AuarnazoHe 25 u 75 Bt. MomHoCTh
U3JIYYCHUS KaXJ0M JaMIlbl B BUIMMOM JIMana3oHe yMeHbIIM Ha 10%.

14) Ha ckoyibKO IIPOLIEHTOB 0CJIad X CyMMapHbIi CBET?

15) Bripasute BenuuuHy OciaOiieHusi B 3BE3AHBIX BeauuuHax. OTBET OKPYIJIUTE
JI0 COTBIX JIOJIEH.

16) Kakyro 3BE€3HYIO0 BEJIMUUHY UMEIOT 3TH JIaMIIbl B cymme?
0

-8

100

3

75

—26

HEBO3MOXHO OIPEIEIUTD

No o ksowdR

Pemienne
14) CymmapHslii cBeT ocinabHeT Taxxe Ha 10%.

15) Ocnabnenue Ha 10% COOTBETCTBYET YMEHBILIEHNUIO MOLITHOCTH B
100
"= 100-10
CooTBeTcTBYIOIIEE U3MEHEHHE OJIeCKa MOXKHO HaiiTu 110 ¢opmyse [lorcona:
Am = 2,5lgn = 0,11.

16) 3BE3qHas BenMYMHA — ITO Mepa OCBEHIEHHOCTH, KOTOpas 3aBUCHUT, HaNpuMmep,
OT PAaCcCTOSIHUS, HA KOTOPOM PACTOJIOKEHBI JaMIibl. Tako mHOpMaluu B YCIOBUU
HET, a IOATOMY OIpeeIEHHBIN YUCICHHBIN OTBET AaTh HEJb3S.

= 1,11(1)pa3sa.

OrtBer:

14) 10% (4 6aya)

15) 0,11 (5 oamnos; 3a otBer 0,1 craBurcs 3 0ajiia, B OCTAJIbHBIX CIIydasx —
0 6amioB)

16) HEBO3MOXKHO OIpeaeuTh (4 6ania)

Maxkcumanvhan ouenka 3a 3a0anue 13 6annoe.

MakcuMmasibHas OlleHKa 3a padory 71 0an.



