BCEPOCCUICKA ST OJIUMITUAJIA IIIKOJIbHUKOB
11O ACTPOHOMMUMU. 2020-2021 yu. r.
MYHUIUITAJIBHBIN OTAII 89 KIIACCBI

3agaua 1

Ha pucynke mokaszan ¢parmMeHT 3BE3AHOW KapThl. HwkHsS TrpaHuna puCyHKa
COBMNAJaeT C 3amaJHOM YacThlO TOPU30HTA B MECTE HAOJIOJEHUS B CPEIHUX
mporax CesepHoro mnosymapus 3emid. KpecTMKOM Ha pPHCYHKE OTMEYEHO
MOJIOKEHNE MOJIOAOM JIyHBI.

Kak Bol cumnraete, Jlyna B Ommkaiiimue THU yKe OblIa WM €€ TOJBKO Oyaer
B ckoruieHuu ['maapi?

B kakyto cropony (k I'mamam win OT HUX) HaIlpaBJIEHbI «pOray Mecsia?

Kaxoit o6bexT 0603HaueH Nol?

Kaxkue cozBe3aust 0003HaueHbr No2 1 Ne3?

OtBeT: HAOMIOACHUS BEeIyTCS B cpeaHux mmupoTax CeBepHOTO MoTyIapus 3eMIIH,
nmpu 3ToM MoJioaas JlyHa HaxoauTcsi BONHM3W TOPU30HTA B €O 3alaJHON YacCTH.
DTO O03HayaeT, 4yTto MBI HabOmomaem 3axon mojoaod Jlynel, a ConHie yxe
CKpbuIOCh ToJ Topu3zoHTOM. Monogas Jlyna asuxercs nmo HeOy or CouHia,
a 3HA4YUT, oHA eni€¢ He ObUla B CKOIUIEHMH ['Manpl, HO BCKOpEe MOKET B HEro
BcTynuTh. «Pora» monomoit Jlynel Bcerna HampaBieHbl or CojHua, T.e. OHHU
«cMoTpsAT» B Hanpasinenuu ['man. 3naukom Nel moMeueHo paccesiHHOE CKOIJIEHUE
[Tnesnpr, Ne2 — cosesnue Opumona, Ne3 — co3esaue Tenbna. Oobwsacuenui
omeemo8 om Y4acmHuxos He mpebOyemcs (30ecb OHO OAHO 6 KPAMKOM 8Uoe
07151 c8e0eHUsl NPOBEPSAIOUJUX).



Bceepoccuiickas onuMnuaga MKOJILHUKOB MO acTpoHoMuu. 2020-2021 yu. r.
MyHuunaabHeli 31amn. 8—9 kiaccel

Kpumepuu oyenusanus:

e BepHblil OTBET Ha BOIIPOC 0 NpoxoxaeHuu ['nan +2 dasna.

e BepHblii OTBET Ha BOIIPOC O HANIPABJIEHUN «POTOB» MecAla OTHOCUTENBHO ['mazn
+2 fdasia.

e [lonHbIM BepHBIN OTBET HA BOmpoc 00 o0bekTe Nel (Hammume ciioB «llmesabry,
«M45» n «ckoruienune») +2 6aaaa (mo 1 6amty 3a Ha3zBanue («Ilnesapy, M45)
U TUTI (CKOILICHHUE)).

e Bepnoe nHa3zpanue co3pesnus No2 +1 oaJui.

e Bepnoe nHa3zpanue co3pesnus No3 +1 0aJui.

Makcumym 3a 3agauy 8 6a/J10B.

3agaua 2

PaccraBbTe HpI/IBCI[éHHble BCIIMYMHBI B IIOPAJAKEC BO3paCTaHU.

1) 0,001 cBeToBorO roma
2) 2,2 Mapa kM

3) 4,7 a.e.

4) 48000 a.e.

5) 0,001 nk

OTtBeT: 32154
Kpumepuu oyenusanus:

e BepHas nocienoBareabHOCTh +8 0asJ10B.

e B ciyyae HEBEpHOU NOCIEA0BATEIBHOCTH 3a KaXKAYI0 TPEOYIOLIYIOCS MapHYIO
NEPECTaHOBKY (3aME€Ha MecTaMu JIByX Lu(dp) cHumaercs 3 faJwia.

OneHka He MOXKET ObITh OTPULIATEIBHOM.

Maxkcumym 3a 3agauy 8 6a/10B.
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3agaua 3

B Tabnuie npuBeneHsl ciucku 00BEKTOB KaTayiora Mecche, WX THUTIOB U CO3BE3ITHI.
ComnocTaBbTe TP CIKCKA W TIPUBEIUTE OTBET B BHJIE KOMOMHAIIMHA PUMCKOHN 1TU(PHI
(HOMep oOBeKTa B TaOimie), OyKBBI (HOMEp CO3Be3nus B TabmuIe) m apabCKoi

1 pel (TUT 00BEKTA).

Oo0bexT KaTajgora Meccbe Co3Be3ue Tun od0bekTa
I) M57 («Konb1io») A) Tenen 1) IlnaneTapHas TyMaHHOCTb
IT) M1 («KpaboBuaHas b) Jlupa 2) OcTaToK B3phIBa
TYMaHHOCTb) CBEPXHOBOM
IIT) M31 («TymaHHOCTB B) I'epkynec 3) Nanaktuka
AHIpOMETBI»)

IV) M45 («I1nesnbr»)

I') Augpomena

4) IllapoBoe 3BE3aHOE
CKOIUICHUE

V) M13 1) Manas 5) PaccesnHOe 3BE€3HOE
Mensenuna CKOILJICHUE
E) FOxHbIit KpecT 6) KapimkoBast miianeta
Otger:
| 11 111 1V \4
b A I A B
1 2 3 5 4

Kpumepuu oyenusanus:

e [lomHOCTBIO BEpHas MOCIEI0BATEILHOCTD +2 0ajiia (U MOJy4eHHUs IOJHOTO
OaJia 3a 3a/1ayy JOCTAaTOYHO BEPHO yKa3aTh 4 00bEKTa).

e Eciu OEJIIMKOM IMOCJICA0OBATCIIbBHOCTh HEBCPHA, TO

- BepHas KOMOMHAIMSA 00beKTa 1 co3Be3aus +1/2 d6ania;

- BepHas KoMOMHAIMI o0bekTa U Thna +1/2 6anJa;

- BepHas KOMOMHAITMS CO3BE3/IMS M TUIIA 00BEKTa OTACIHHO HE OIICHUBACTCS.
OxoHYaTenbHas OIEHKA 3a 337a4uy MOTy4aeTCss OKPYTIICHHEM K OOJIbIIIEMY TIEJIOMY.

Maxkcumym 3a 3agauy 8 6a/10B.
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3axaua 4

Bo ckonmpkO pa3 OWIMYAKOTCS TOAWYHBIM W CYTOYHBIM NapaJUIakC HEKOTOPOU
OYeHb JaNEKOM KapiAMKOBOM TUIAaHEThl C Oonblnoil  momyocsto A4  a.e.?
[IpuBenure pemieHue.

Pemenue

T. K. B yCJIOBUU CKa3aHO, YTO IUIAHETa HAXOJUTCSI OYEHb JTAJIEKO U HaM HEU3BECTHO
e€ MOJIO)KeHNEe Ha OpPOUTE OTHOCUTENHHO 3eMiH, Oy/IeM CUMTaTh, YTO PACCTOSHUE
OT 3eMJld [0 IUIAHEThl TaKXke paBHO A. BcmoMHUM ompejeneHue CyTOUYHOIO
Y TOJIMYHOTO MapaJIJIaKCOB.

CyTOYHBIM MapaJIaKCOM Ha3bIBAETCSl YroJi, MOJ KOTOPBIM C Tejla BUAECH PaINyC
R
3emiu (T.e. oTpe3ok npumepHo B 6400 km): tgp = 7@ . T. k. yron p odeHp mMai

(rutaneTa O4YeHb J1aNéKas Mo YCIOBHUIO), TO MOXKHO 3alUCaTh p = Rf (3mech yrou
P BBIPAKEH B pajuaHax).

['oarYHBIM TIApaJIIIAKCOM HA3bIBACTCSI YTOJI, TMOJ] KOTOPHIM C Tella BHIEH Payc
3eMHON OpOUTHI (T. €. oTpe3oK B 150 MiH. KM): tgm = 2 . T. x. yron m oueHp
Man (TIaHeTa O4YeHb JayéKasl MO YCIOBHIO, TOSTOMY pazmyc e€ opOuTHI A
ropa3fgo Ooublie paguyca OpOUTHI 3eMIM @), TO MOXKHO 3alucaTh T = Z
(31ech yroJi T BEIpaKeH B pajlaHax).

N3 3anMcaHHbIX OMPENECTIEHUI JIETKO HAUTHU OTBET:
T a  Rg a 150 MJIH.KM

—== 2= ==~ 2344(.
D A A Rg 6400 kM

Kaxk mb1 BU/IHUM, OTBCT HC 3aBUCUT OT PaCCTOSHUIA A.

OTBeT: TONUYHBIM mMapajyiakc mnpuMmepHo B 23440 pa3 Oojblle CYTOYHOTO
(KOHKpETHOE 3HAYeHHE 3aBUCUT OT MPUHATON BETUUMHBI pajnyca 3eMIIH)

Kpumepuu OYEHUBAHUA:

e 3anuch (B Buue (POPMYJIBI WIHM CIIOBAMH) OMPEACIICHNS CYTOYHOTO IMapajuiakca
+2 fpana.

e 3anuchk (B Buae GOPMYIIbI WM CIOBAMH) OMPEIEICHHS TOAUYHOTO MapajuraKca
(bopmynbl 11 MapajiyIakCOB MOTYT OBITH 3amucaHbl Kak C (yHKIuen tg,
TaK ¥ cpa3y B MpUOIMKEHHOM BHjIe) +2 faJia.

e 3anuCh OTHOUIEHUS CYTOYHOTO U TOJMYHOrO TmapajiakcoB (¢ arctg
i 0e3 Hero) +2 fasa.

e [lonydenue yncioBoro oreera +2 daJsia.

Maxkcumym 3a 3agaqy 8 6a/10B.
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3agaua 5

B coobmennsix o HaOMIOAEHUSX «TCHW» YEPHOU
IbIpEI B ranakTuke M87 (RA=12"31™ DEC=+12°24")
yKa3aHbl KOMAaHIbl CIEAYIOIUX PaJHOTEIeCKONOB
TEJIECKOIOB—YYaCTHUKOB JTOW OOJIbLION HAayYHOU
IPOrPaMMBI:

1) APEX u ALMA (¢ = 23° 1o.11., A = 68° 3.11.) V
2) SPT (¢ =90° ro.1mm., A= 0° B.11.)

3) SMA u JCMT (¢ = 20° c.ir., A= 155°3.1.)
4) LMT (¢ =19° c.ir., A=97°3.71.)

5) PV (¢p=37° cau., A=3°3.1.)

6) SMT (¢ =32° cr., A.=110°3.1.)

Tem He MeHee, HE BCE TEJIECKOIbI—yYaCTHUKU MpPOrpamMMbl MOTYT B IPHUHIIMIIE
YBUJIETh YyKa3aHHYIO ranakTuky. Kakue Tteneckonbsl MoryT HaOmonate M87,
a xakue He Moryt? Kakoil Teneckon Mor HaOJIIOAATh 3Ty TaJAaKTHKY BBIIIE BCETO
HaJ ropu3oHTOM? OTBET OOBSICHUTE.

Pemenne

T. x. HaOmMIOmEeHHMS BEIUCh B pajuoaMana3oHe (a Takwe HAOIIOACHUS MOTYT
MPOBOJIUTHCA M JAHEM), TO JOJTOTa TEJIECKONa HE MOKET BJIMATH HAa BUIAMMOCTD
00BEKTa — €CJIM B JAaHHOW MECTHOCTH TaJIAKTHKA BOCXOJUT HAJl TOPU3OHTOM, TO €€
MOHO HaOJIIOJATh C PAAHUOTEIIECKOTIOM.

CKIIOHeHHE TaTaKTHKH YKa3bIBa€T HA TO, YTO OHA HAXOJUTCS HEAANEKO (MMPUMEPHO
B 12,5°) ot HebecHoro 3kBaTopa B CeBepHoM mogymapuu Heba. Takum oOpaszom,
3Ty TaJakTUKy MOXKHO HAONIOAAaTh MPAKTUYECKH Ha BCEX INMUPOTaX 3EMIIH,
Kpome obOusactelt, 6mu3kux k FOxxHOMy mostocy. M3 mpuBeAEHHOTO CIUCKA JHUIIb
OJIMH TEJIECKOT HaXOJIUTCsS B Takoi obmact (mpuuéM ToyHo Ha FOkHOM mostroce,
MO3TOMY MOJXKHO Jake HE MPUMEHITh (HOpMyITy [Js TOJIY4YeHHS OTBETa) —
teneckon SPT. iMeHHO ¢ HUM HEBO3MOKHO HAOIIOATh ATOT OOBEKT.

CkazaHHOE BBIIIE MOXHO MOJIYYUTh U IIyTEM BhIUHUCIEHUH. VI3BECTHO, YTO BBICOTA
cBeTWjga B BepxHed KynbmuHauumu B HOkHOM  monymapuu  3emun
(T. e. ISl OTpULIATEIBHON MIMPOTHI) BeIYUCIsETCS 1o hopmyne: h = 90° + ¢ — 6.
Beicora Oyner mensiie 0 (KyJabMHHALMs MOJ TOPU30HTOM — OOBEKT HHUKOIZA
He BugeH) mpu @ < 8 —90° T. e. musg ramakruku M87 mpu @ « 77°36'.
OTOoMy yCIOBHIO y10BIETBOPAT b SPT Teneckomn.

Jlnst oTBeTa HA BTOPYIO 4YacTh BOIIPOCAa MOXKHO TakKKe BBIMTUCATH (HOPMYITY
JU1sl BepxHer KyiapMuHanuu st CeBepHOTo nonymapus (T. K. 00bekT CeBepHOro
noJtymapus Heba, CKJIOHEHHE TIOJIOKHUTENIBHO) U TIOJMYyYUTh U3 He€ OTBET, a MOYKHO
BCIIOMHUTh, YTO B 3€HUTE KYJIbMUHUPYIOT 3BE3NIBI CO CKIOHEHHUEM, PaBHBIM
mpote mecta. T. e. M87 OyaeT KyJIbMUHUPOBATh B 3€HUTE HA IIUPOTE TPUMEPHO
12° c.u1. bimoke BCero K 3Tol mupoTe pacrofioxkeH teneckon LMT.
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OtBer: HaOMIOJATh TAJAKTUKY HaJ TOPU30HTOM MOTYT BCE€ TEJECKOIbI, KpOMeE
SMT; Bblie Bcero raiakTuky Mor Haomogate LMT.

Kpumepuu OYEHUBAHUA:

e Bepnbiii oTBeT Ha mNEpBbIA BOMPOC (JOCTATOYHO YyKa3aTh JIMOO TEIECKOIIbI,
KOTOpbIE MOTYT HaOmomarh, b0 ykazath, yTo SPT He MoxeT HaOII0IaTh)
+2 dasia.

e Bepnbriii orBeT Ha BTOpoii Bonpoc (LMT) +2 6anaa.

e Bepnoe obocHOBaHME OTBETa HA MEPBBIN Bompoc (cka3aThk, uTo SPT HabmonaTh
HE MOXET, T. K. JUIl HEro rajJakTUKa HHMKOIZAA HE BOCXOJIWT, HEIOCTATOYHO
JUISL TOTO, YTOOBI Cpa3y OTCESITh BCE Apyrue TenecKorbl. TpedyeTcs mpoBepuTh
U BUAUMOCTh W3 JPYTHX MECT; UCIOJB30BaTh (OPMYIly TPH ITOM
Heo0s13aTeIbHO) +2 HaJLia.

e BepHoe o0ocHOBaHHE OTBETa Ha BTOPOM BONpPOC (MCHOJB30BaTh (HOPMYIY
Heo0s13aTeNbHO) +2 0aJsuia.

Makcumym 3a 3agauy 8 0a/J10B.

3axauva 6

U3BeCTHO, YTO 3BE3ABI OOpPA3sylOTCS B TMIAHTCKUX MOJIEKYISPHBIX 00JaKax,
B KOTOPBIX KOHIEHTpPALMS YaCTUI[ HAMHOIO OOJIbIIE, YeM B OKpYy’Karomleh
MEK3BE3MHON cpene. B OHOM M3 TakMX OOIIAKOB YMCIO MOJIEKYI BOJOPOIaA
B 00BEMeE, paBHOM 00BEMY 3eMHOTO Imapa, cocTasiseT 2.2 - 10%%, Paguyc obnaka
paBed 20 nk. YUemy paBHa KOHIIEHTpalus Moyiekyd B HEM? Cuutasi, 4TO 00JIaKO
TIOJHOCTBIO COCTOMT U3 MOJEKYJ BOJOPOJA, ONPENEIUTE €ro MacCcy B Maccax
Conuua. Pamuyc 3emim Rg = 6378.2 kM, macca Connua Mg = 2 - 1030 kr,
macca nporona m, = 1.67 - 10727 kr.

Pemenne
1) KonmenTpamusi 9acTil — 3TO YUCIO YaCTUIl B €IUHUIE 00BEMA, HATIPUMED,
B 1 cMm3. JIns paccmatpuBaeMoro ciaydasi:

Ng . .
n = -=,rue Ng — 4HCII0 MOJIEKYJI BOIOPOZA B 00BEME, paBHOM 00bEMY 3emin V.
®

_Ng _ Ng _ 3Ng
n = % = . 3 — 4RG>
3 Re
3-2.2:10%° qacTHI]
n=~ ~2-10%8 ——.
4-3.14(6378.2:103)3 M3 M3

2) [TonHOE YMCIO MOJIEKYJT B O0OJIaKe:

N=nV=n- gnR 3, rae R — paguyc obnaka.
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Benomanm, uto 1nk = 3.086-10'3 kM = 3.086 - 10'® M. M0oXHO TOMHHTB,
yro 1 nk = 206265a.e. wiM NONy4YUTh Ty JK€ BEIUYUHY M3 ONpPEICICHUS
napcexa.

N~2- 108%-3- 3.14- (20 - 3.086 - 10%6)3m3 ~ 2 - 1062,

3) O061aKo COCTOMT M3 MOJIEKYJ BOJOPOJA, Macca KaXI0W MOJNEKYIbl M = 2Mm,,
(Maccoii 3JIeKTpOHa 110 CPAaBHEHUIO C Maccoil MPOTOHA Mbl IpeHeOperaem).

Macca Bcero odmnaka: M = mN = ZmpN

M = 2-1.67-107%kr- 2.0 - 10%? ~ 6.68 - 103° kr

M 6.68:1035 kr

B maccax Comnna — ~ ———
Mg 2-1030 kr

JUUISl TUTAHTCKOT'O MOJIEKYJIIPHOTO 00J1aKa.
4acTul, . g 4acTuil

—— = 2-10 =

~ 3.3 -10°. Dra BeIUYMHA BIOJHE THUIIUYHA

Oteer: n ~ 200 M ~ 3.3-10° Mg.

Kpumepuu OoyeHuearusl.

e [IpaBubHOE BBIUMCIEHUE KOHUEHTPALMHU MOJIEKYI +2 DaJJia.

e BolyucieHue MOJMHOrO 4YHUCia MOJEKYJ B o0OJiake (JOMyCKaroTCs OTIWYUS,
BbI3BAaHHBIE OKPYTJICHUSMH JIMOO SIBHO YKa3aHHBIMU TPUOJIMKEHUSMHU:
HalpyuMep, MOKHO Halucartbh, 4YTO OyJIeM cuuTarh OO0JaKo KyOWYEeCKUM
no GopMe, U HUCHOIB30BaTh BMECTO (OPMYJIBI JJIsi 00BEMaA MIapa (Gopmyiy
st 00BEMa Kyba) +3 Hasina.

e Brumciienne macchl oOiaka +2 0ajjia, €ciM y4acTHHK 3a0bUl, YTO Macca
MOJICKYJIBI BOJOpOJAa paBHA JBYM MaccaM NPOTOHA, TO 3a OTOT JTam
BbICcTaBisieTcst 1 6asu.

e Bripaxxenue maccol obsaka B maccax Coinnua +1 6asr.

B pemenuu mpoMeKyTOUHBIE BBIUUCICHUSI MOTYT OBITh BIIOJTHE OIYIICHBI, B TAKOM
ciydae OOBeMHEHHBIN TAIl OIICHUBASTCS CyMMOU 0aJlioB 3a T€ ATalbl, KOTOPHIE
OBLTM B HETO BKJIFOYEHBI. B 3TOM citydae mpu OONBIIIOM OTKJIOHEHWHW HUTOTOBOTO
oTBeTa craBuTca ) 0aJII0B 32 OJIMH «CaMbIi JOPOTOil» JTarl.

B cmywae apumdmernyeckodl OmuMOKH, He IpUBEAUICH K  (pusmuecku
(WK aCTPOHOMHUYECKH) HEKOPPEKTHOMY PE3yIbTaTy — MUHYC 1 0as1 32 Kaxaylo;
€CJIM OIMOKa MpUBeJia K KOHEYHOMY OTKJIOHCHHMIO OTBETA HA HECKOJBKO MOPSIIKOB
BEJIMYMHBI, TO 3a COOTBETCTBYIOLIMWA 3Tam BblYUCIEHUN cTaBuTca () 0aslioB,
HO CJICTYIOIIHE 3TAIbl PEIICHUS 32 3Ty OIMMOKY HE HAKa3bIBAIOTCS.

Maxkcumym 3a 3agaqy 8 6a/10B.

Bcero 3a padory — 48 6aJ1710B.




