Bcepoccuiickas onuMnuaaa MKOJILHUKOB 110 acTpoHoMuu 20162017 yu. r.
MynununansHbii 3Tamn. 11 kmace

OTBETHI M KPUTEPUHU OLICHUBAHUS

3aganue 1

Ha dotorpadusix npeacraBieHbl pa3iudyHble HEOECHBbIC SBICHUS. YKaXUTE, YTO 3a
ABJICHHE W300paKEHO Ha KaXJIOM CHUMKE, MMes B BHJYy, YTO H300paKeHUs HE
nepeBEPHYThIE, a HAOIIOJEHUS MPOBOIWINCH U3 cpeaHux mupor CeBepHOro
noyymapus 3eMiu.
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Omeemut
OOpamaeM BHHMaHHE, YTO B BONPOCE CIPAIIUBACTCS O TOM, KaKOe SIBJICHHUE
n3o0paxeHo Ha kapTuHke (a He oO0bekT!). Mcxons w3 3TOro M MPOU3BOJUTCS

OILICHUBAHUE.

1) mereop (1 6a1; «METCOPUT» WU «OOTU HE 3aCUNTHIBAIOTCSA);

2) METCOpHBIN JOXIb (IPYTroi BapHaHT — «KMETEOPHBIN TOTOK») (1 6amI);

3) mnokpeitie Mapca JlyHoll (Ipyroii BapuaHT — «IOKpBITHE IUIaHEThl JIyHOID))
(1 6amn);

4) 3axoxa Connua (1 6am);

5) nokpsiTre 3B€3/bl JIyHOU (BO3MOMXKEH KPATKUW BapHaHT «HOKpbITHE) (1 0asL1);

6)
7)

8)
9)

3axon JlyHpl (BO3MOXKEH BapHWaHT OTBETA «HEOMEHHS» — IEPBOE IOSBICHHUE
Mozooi JIynsl Ha HeOe nociie HoBoayHus) (1 0aswI);

KOJIBIIE0Opa3HOe COTHEYHOE 3aTMEHUE (BO3ZMOXKEH KPATKHil BAPUAHT «COJTHEYHOE
3aTMeHHue») (1 6am1);

nyHHoe 3aTMeHue (1 6asmn);

OTKpBITHE 3Be3/1bI JIyHOU (BO3MOXKEH BapUaHT «KOHEI MOKPBITUs») (1 6aJw1);

10) ITIOJIHOC COJIHCYUHOC 3aTMCHUC (BOSMO}KCH BApHAHT «COJIHCYHOC 3aTM€HI/IG>))

(1 6am);

11) mpoxoxxaenne Benepsl mo aucky ConHua (BO3MOXEH BapUaHT «IIPOXOXKJICHUE

Mepkypus no aucky CosHIIa» WIM «IIPOXO0KICHUE TUIaHeThl Mo AUcKy CoJIHIa»)
(1 6am);

12) nenenbusiii cBeT JIynsl (1 0aJwI).

HpuMeltaHue: BCC NOIMYCTUMBIC BAPUAHTBI OTBCTOB HAIIMCAHBI B CKOOKax.

Maxkcumym 3a 3a0anue — 12 6annoe.

3aganue 2

Ha pucynkax npezacraBienbsl pUrypbl HeCKOJIbKUX co3Be3auid. [loa kaxnoit ¢purypoit
yKa3zaH e€ HoMep. YKaXUTe B OTBETE HA3BAHME KaK10T0 CO3BE3uUsl (BBIMUILUTE Maphl
«HOMED PUCYHKA — HA3BAHUE HA PYCCKOM SI3BIKEN).
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Omeemut
1) JleGens (1 6amn);
2) OpuoH (1 6amn);
3) T'epkynec (1 6an);
4) bonwsmas Menpeauna (1 6asn);
5) Kaccuomnes (1 6amn);
6) Jles (1 6amn);
7) Jlupa (1 6awn);
8) Ledeii (1 6am);
9) Opén (1 6asw).

Maxkcumym 3a 3a0anue — 9 6annos.

3axanue 3

Hapucyiite BepHyl0 MOCIE€I0BAaTENIbHOCT CMEHBI JYHHBIX (a3 (JOCTaTOYHO
HapuUCOBaTh OCHOBHBIE (a3bl) Mpu HAOMOJEHUU U3 cpenHux wupoT CeBepHOro
nosymapusa 3emnd. Iloanummnre Mx Ha3BaHUA. PUCYHOK HauyHUTE C IOJHOJYHMS,
He ocBelEHHbIe CotHIeM 4acTu JIyHBI 3aIITPUXOBBIBANTE.
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Omeem
OnuH 13 BO3BMOXKHBIX BAPUAHTOB PUCYHKA (2 0aJljia 32 BepHbI BAPUAHT):

OcHoBHBIMH (a3aMu  OOBIYHO CYHMTAIOT TIOJHOIYHHE, TMOCICIHIO YETBEPTH,
HOBOJIyHHE, MEPBYIO0 4eTBepTh (3 Oanna). 3nech nepeurciieHbl (a3bl JIyHbl B TOM
MOPSKE, B KOTOPOM OHU MPUBE/ICHBI HA PUCYHKE.

IIpu orcyrcTBumM oaHoW u3 (a3 Ha pucyHke cHuMaercss 1 0ama. 3a ommbOouyHOE
yKka3aHue Ha3BaHus (a3pl cHuMaercss 1 0asu. OreHka 3a 3ajayy HE MOXKET ObITh
OTpHULIATEIIbHOM.

[Ipu olleHMBaHMM pPUCYHKAa HAJI0 OOpallaTh BHUMAHHWE HA TO, YTOOBI TEPMUHATOP
(rpanuna cBeTJIO/TEMHO Ha moBepxHocTH JlyHbl) mpoxomaun uepe3 moitoca JIyHb
(T. . HEIOIYCTUMO pHCOBaHME (Pa3bl, KAK «OTKYIIEHHOE 510J10K0»). Eciu 3T0 He Tak
B OTBETE, OLICHKA CHUKaeTcs Ha 1 6aJw.

Ilpumeuanue: B peELICHUU NPUBEACH MHUHUMAJIBHBIM BapuaHT pucCyHKa. He
o0s3aTeNbHO B KOHIE emé€ pa3 pucoBaTh JIlyHy B mnosHOnyHuu. JlomycTumo
U300paKeHHE MTPOMEXKYTOUHBIX (a3:

€ ( RE X

Maxkcumym 3a 3a0anue — 5 6annoe.

3axanue 4

Mapc, Haxoasmmiics B BOCTOUHOM KBajaparype, u JlyHa HaOiIr01at0Tcs B COCTMHEHUU.
KakoBa ¢aza Jlynsr B 3T0T MoMeHT? OTBET OOBSICHUTE, MPUBEIUTE PUCYHOK, HA
KOTOPOM H300pa3uTE ONMUCHIBAEMYIO CUTYAIIUIO.

Omeem

Ha pucyHke mnoka3aHbl IOJOXKEHHS BCEX Te€J, YYAaCTBYIOIIUX B OINKHChIBAEMOMN
cuTyanuu (TakoW PUCYHOK JIOJDKEH OBITh MpUBEAEH B padote: 3 6ama). [Ipu takom
nosioxkeHuu JIyHer otHOCcHTebHO 3emin u ComnHila OyeT HaOIIoAaThCs TTOCIICTHSS
4eTBEpTh (2 GaJia).
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Ilpumeyanue: pUCyHOK MOXKET OBITh HECKOJILKO WHBIM (HAIlpHUMEp, BHJl B3aHUMHOTO
pacToJIOKEHUs CBETWII Ha HeOe /Tl HaOJIro1aTels Ha IIOBEPXHOCTH 3€MJIH ), TJIaBHOE,
9TOOBI B3aMMHOE TOJIOKEHUE Tel ObLIO YKa3aHO BEPHO M OBLIO MOHSATHO, MOYEMY
Jlyna Gynet MeHHO B Toi (pa3e, 4TO IpHUBEACHA B OTBETE.

Maxcumym 3a 3a0anue — 5 6annoe.

3aganue 5

C xakoil cpefHel CKOPOCTBIO IBIDKETCSA TPaHUIA J€HB/HOYB MO MOBEPXHOCTH JIyHBI
(R =1738 k™) B paiione e€ sxBatopa? OTBET BBIPA3UTE B KM/4 M OKPYTJIUTE JIO TIEJIOTO.
Jljis cripaBKu: CUHOAWYECKH Tiepuo]i oopatenus JIyHsl (epuoji cMeHbl JIyHHbBIX (a3)
OpUMEPHO paBeH 29,5 CyTOK, cuAepUYecKUd mepuo]i oOpaiieHus (Iepuoji 0CEBOro
BpateHus Jlynsl) npumepHo paBeH 27,3 CyTOK.

Omeem

Jnuna skBatopa Jlynsl L =2nR =2 x 1738 x 3,14=10920,2 kM (1 6amn). us
pemieHus 3a1a4yu HEeOOXOJAMMO HWCIOIh30BaTh BEIMYMHY CHHOJMYECKOTO TEPHOa
oOpaileHusl, T. K. 3a JBUXKCHHUE TPAHUIILI I€HL/HOYb 10 MOBEpXHOCTH JIyHBI OTBEYaeT
HE TOJIbKO BpamieHue JIyHbl BOKpYr cBoed ocu, HO U mnonoxenue ConHIa
OTHOCUTENBHO JIyHBI, KOTOPOE€ MEHSIETCS BCIEJCTBHE IBIKCHHUS 3€MJIM IO CBOEH
opoure. Ilepuon cmensnl nyHHBIX a3z P =295 cyr.=708 u (2 6amyna — ecinu HET
0OBsICHEHHUsI, TTOYEMY HCIIOIb30BaH HMMEHHO JTOT mepuon; 4 0ajuia — eclid ecTb
BepHOE OOBSCHEHME; 332 MCIOJb30BaHUE cUaepuueckoro nepuoaa 1 0asmi). 3Hayur,
ckopocth Oyaer V =L/P=10920,2/708 xm/au=15 xm/gu (1 6ama; sTtoT Oami
CTaBUTCS 3a BBIUMCIICHUE CKOPOCTH, B TOM YHCJIC M MPHU HUCIOIH30BAHUM 3HAYCHUS
27,3 — otBeT npu 3ToM OyaeT 16,7 km/4).

llpumeuanue: permieHre MOXKET OBITh CJEIaHO «B OJIHY CTPOKY». OIIEHKA MPU 3TOM HE
CHIKaeTcsl. 3a OTBET 0e3 perieHus orieHka 1 6a.

Maxcumym 3a 3a0anue — 6 6annoe.
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3ananue 6

Ectb nu Ha 3emite Takue pervoHsl (€Civ aa, TO T OHU HAXOMATCSA), T/I€ B HEKOTOPBIN
MOMEHT BPEMEHH BCE 30/IMaKaJIbHbIC CO3BE3US HAXOATCS HA TOPU3OHTE?

Omeem
Kak wu3BecTHO, 30MaKaJbHBIMH HA3bIBAIOTCS CO3BE3/MsI, MO KOTOPBIM IMPOXOIUT
CouHIle, T. €. KOTOpBIC TEpeceKaeT SKIUITUKA. 3HAYHUT, HY)KHO OINpPEACIUTh, TIE U
KOTJIa DKJIMITHKA COBMATACT C TOPU30HTOM. B 3TOT MOMEHT OyayT coBHaaath He
TOJILKO TUIOCKOCTH TOPHU30HTA W AKJIUMNTHKHU, HO W TOJOCA SKIUNTHKU C 3€HUTOM H
HagupoM. T.e. B TOT MOMEHT OJHWH U3
MOJIFOCOB  DKJIUMNTUKA TPOXOJUT Uepe3
3eHUT. KoopaumHaThl CEBEpPHOro TOJI0Ca
SKIIUNTUKU (CM. PUCYHOK):

5, =90°— &£ = 66,5°
a, = 18"

N IOXHOIo, T. K. OH B HpOTHBOHOHO)KHOﬁ
TOYKC:

5, = —(90° — &) = —66,5°

a, = 6"

Touka co ckiioHeHUeM £66,5° KyJIbMUHU-
pyeT B 3€HUTE Ha TMOJSIPHOM Kpyre
(CeBepuom miu FOxxaom): h = 90 — ¢ + 6.
KoHeuno, BO3MOXXHBI OTKJIOHEHHS OT MOJISIPHOTO KPyTra Ha HECKOJIBKO TPaIyCoB, T. K.
CO3BE3/IMsI — JJOCTATOYHO MPOTSHKEHHBIE OOBEKTHI.

Ouenka 3a 3aiady (MOJIHOE pelieHue — 6 0aJJIOB) CKIIaJIbIBACTCS U3 MPABUIBHOTO
0OBSICHEHHsI yCIIOBUSA (KYJbMHHAIMS TTOJFOCA JKIWITUKN B 3€HUTE WJIU, HAIpUMED,
OJTHOBPEMEHHAsI BEPXHSS M HIDKHSS KyJIbMHHAIMS JBYX MPOTHBOIOJIOKHBIX TOYEK
SKJIUITUKH Ha TOPU30HTE), IMPU KOTOPOM BO3MOKHA ONMCHIBaEMasi CHUTYalUs
(3 6anga), BepHOTrO OIpeseeHus IUPOThl HaOmoAeHus (2 6aasia), ykazaHus Ha To,

yTOo Takux oOijacteil Oynmer nBe — B CeBepHoM u FOxHOM monymapusx 3emiu
(1 6am).

IIpumeuanue: onpenensiTb KOOPAMHATHI IMOJKOCOB JKIMITUKHM, KaK 3TO CHEJIAHO
B PEILIEHUH, HE 00s13aTENbHO (MX MOKHO 3HaTh). JlOMmyCcTUM Apyroi X0/ peieHus.

Maxcumym 3a 3a0anue — 6 6annoe.
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3ananue 7

Jronu 3amyctuwiivn Ha HU3KYr0 opouty Jlynel (Beicota 50 kM) cranuuio. C Kakum
MHTEPBAJIOM BPEMEHHU MbI OyjaeM €€ BUIETh TO C OJHOTO Kpas JYHHOTO JHUCKA, TO
¢ apyroro? Macca JIyusr M = 7,35 x 10* «r, pamumyc Jymst R = 1738 xm,
rpaBUTallMOHHAs noctosiHHast G = 6,67 10" H x m? /

Omeem

Huskass opOuTta oO3Ha4aeT, 4YTO BBICOTOH MOXKHO IpeHEOpeYh II0 CPaBHEHHUIO
¢ paaunycom JIyHbI. A 3HAUWT, anmapar OyJeT MOSBISATHCS PSJIOM C JIMMOOM JIBaK bl
3a mepuoj oOparieHus: BOKpyr JIyHbI, depe3 paBHBIC NMPOMEXKYTKH BPEMEHH, IIO
MIOJIOBUHE CBOET0 OpOUTAILHOTO Iepuoa. [lepuoa myHHON cTaHIMK OyJeT paBeH:

2mR
T _ JI
Vi
Vn — KpyroBas CKOpPOCTh CTaHIIMM Ha OKOJIONYHHOW opbute (T.e€. mepBas
KOCMUYecKast CKOpOCTb Juist JIyHbI).

GM, |6.67" 10-11.7.35-1022

V= R 1738 - 106 = 1679.5 = 1680 m/c
o )
1 sapuanm
. . 106
Suaunt, T = 2 3'“1166;;38 10— 6500c=184y

n Nepuoa MOABJICHUA CTAHIHUHN PAJIOM C JIUMOOM COCTaBHUT IIOJIOBUHY Op6I/ITaJ'IBHOFOI

t =T/, =09 1aca.

2 sapuanm
MoxHO HEe cpasy IMOJCTaBIATh YHCJICHHBIC 3HaUYCHHS B (POPMYJIbI, a IpeoOpa3oBaTh

UX, BBIPA3WB MEPHOJ OOpalleHHs] 4Yepe3 CPEeHIOK TUIOTHOCTHh JIyHBI (BenmunHa

IUIOTHOCTH HE JIaHa B YCJIOBHH, HO yYalTUHCA MOXKET €€ BBIYUCIUTH WJIH 3HATh —
3

npuommkeHHoe 3Hauenune 3300 kr/m”):

42 R3

- 2nR,  2mR, 4m*R3

v, GM, . GM,
R,
3-3,1416

~ 667-10-11-33-10% 6540 c = 1,8 yaca.

GoagnRy OPn

W nepuo nosiBIEHUSI CTAHIMU PSIIOM C JIMMOOM COCTaBUT MOJIOBUHY OPOUTAIBHOIO:
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t =T/, =09 1aca.

3 eapuanum
Mo>kHO pemats 3a1auy, Hcnoiab3ys 3-i 3akoH Kemepa (B 00001EHHOM BUE):

Ty M+m, a3
T2M,+m R3

(3necr M — macca ComnHila, m — Macca CIyTHUKA, T,, m, U a, — epuo oopaleHus
3emnu Bokpyr ColHila, Macca 3eMJIM U paguyc OopOUTHl 3eMJIM COOTBETCTBEHHO).
Bo3moskHa 3anmuck 3TOro 3aKoHa AJis Jpyroro Habopa Tej, Hampumep ISl CUCTEMBI
3emuns — Jlyna (Bmecto cucteMbl ComHie — 3emiist).

[Ipenebperas MaabIMU MacCaMH 110 CPABHEHUIO C OOJIBIION, MOTYYUM:

s M a3

T2M, R3
OTcrona uCKoMbIi mepuos] OyAeT paBeH:

3

T=T, M_ﬂa_g ~ 1,8 yaca.

n Nepuoa MOABJICHHA CTAHIHUHA PAJIOM C JIMMOOM COCTaBHUT I[TIOJIOBUHY Op6I/ITaJ'IBHOFOI

t = T/2 = 0,9 gyaca

Ouenueanue

JlommycTUMBbI U Jpyrue crocoObl perieHus. Bce BapuaHThl pelieHust JOIKHbI IPUBOIUTH
K OJJMHAKOBBIM OTBETaM (JIOMYCTUMbI HEKOTOPBIC OTKJIOHEHHMSI, CBSI3aHHBIE C TEM, YTO
B BapMaHTax 2 M 3, a TaKke B JPYrMX BapHaHTaXx MOTYT HCHOJIb30BaThCS HECKOJILKO
OTJIMYAIOUINECS YHCIIOBBIE 3HAYCHMS).

Bapuanmor 1 u 2. Onpenenenue IMHBI OpOUTHI cryTHUKA (2nR; =~ 10920 kM) —
1 6an1; onpeaeneHre OpOUTAILHOM CKOPOCTH CIYTHUKA Vi — 2 0aJjuia; BHIYMCIICHHUE
nepuosia oopameHust — 1 6a1; HaXOoXKJIeHHE OTBeTa (JIeJieHne OpOUTAIBHOIO Meproja
Ha 2) — 2 faJuia.

Bapuanm 3. 3amucek 3-ro 3akona Keriepa B yTouHEHHOUN (popme mJisi y4acTBYIOIIMX
B 3a7a4e Tea — 2 Oajuia (eciM 3aKOH 3amucaH B OOIEM BHJE, M HA 3TOM PEIICHHE
3akanumBaercs — 1 6amr). KoppektHoe nmpenedpexeHne MajlbiIMi MaccaMu (T. €. Maccoi
CIyTHHKA IO CpPaBHEHUIO ¢ Maccou JIyHbl, Maccom 3eMiM IO CPAaBHEHHIO C Maccou
Comnnia, Maccoit JIyHsl 1o cpaBHeHHIO ¢ Maccoil 3emin) — 1 6ayn (3TM Macchl MOTYT
ObITb cpa3y omymieHbl B Qopmyiie, 6amt 3a 3T0 BCE PaBHO BBICTABISIETCA). 3aliCh
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BBIpQKEHUS JUIsI Tepuojia CIyTHUKa — 1 Oa/ul, HaxXOXXAEHWE OTBeTa (IeJieHUe
OpOUTAJILHOTO Mepro/ia Ha 2) — 2 aJuia.

3a npeBbIIIEHUE TOYHOCTH B KOHEYHOM OTBETE (YMCIIO 3HAKOB MOCIE 3alsTOM OOoJiblIe
NBYyX) cHUMaeTcs 1 6am.

Ipumeuarnue: MOXHO HE IpeHEOpEraTh BHICOTON OPOUTHI IO CPABHEHHIO C PATIyCOM
JIyHbl (YMUCIICHHBIH OTBET TMPAKTUYECKHM HE HU3MEHUTCs). Paspemraercsa cpasy
BOCIIOJIB30BAaThCSl TOTOBOM (pOopMyJION Njisl meprojaa oOpaiienus (mociueausis ¢popma
3anucu (pOopMyIibl B pEIICHUH B BapuaHTe 2) — OIIEHKA 3a ATO HE CHIDKaeTcs (mpu
BEPHBIX BBIUUCICHUSAX — 4 0aJ1j1a 32 3TOT ATaIl PEIICHUs).

Maxcumym 3a 3a0anue — 6 6annos.

3ananue 8

[Ipennosoxxum, yd€Hple CO3MAJIM HENOABUKHBINA bOJIbIION NOIAPHBINA TEJIECKOI IS
HAOJIIOICHUS] CYTOYHOTO BpallleHUs 3BE3]] HEMOCPEACTBEHHO BOJIM3U TOJIIOCA MUPA,
HAIpPaBUB €ro TPyOy TOYHO HA CEBEPHBIN MONIIOC MUpa. TOYHO B LIEHTpE MOJIsl 3pEHUS
oHu oOHapyxunu Ouenb MHTepecHblt Bueranaktuueckuii Mcrounuk. [lone 3penus
3TOro Teneckona coctaBisieT 10 yryoBbIX MUHYT. Uepe3 CKOJIBKO JIET Y4YEHBIE HE
cMOTyT 00J1bIIIe HA0MI0aTh ATOT ICTOYHHMK ¢ TOMOIIBIO 3TOTO Tesieckomna?

Omeem
[Tomroc Mupa Bpamaercss BOKPYT IMOJIOCA JKIUNTHKA C TEPUOAOM TMPUMEPHO
Tp=26000 ner (1 Oama). VYrJIOBOE paCCTOSTHUE MEXKIAY OTUMH MOIOCAMHU
(2 6anaa) — He yTo MHOE, Kak € = 23,5° (T.e. 90° — yron HakjJOHAa OCU BpallleHUS
3eMIId K IJIOCKOCTH SKJIUNTUKK). Tak Kak MOJI0C MUpPA JIBHXKETCS M0 MAJIOMy KPYTy
HeOecHOM cdephl, yriioBas CKOPOCTh €r0 JBMXKEHHS OTHOCHTENIBHO HaOJIoAaTesns
OyzleT MEHBIIIE YTJIOBOM CKOPOCTH BpAIlCHUSI TOYKHA Ha HEOECHOM dKBaTOpe B 1/sin(g)
pa3 (2 6ania).
Tak kak W3HAYaIBHO TEJIIECKON CMOTPUT TOYHO Ha MOJIIOC MUpa W Ha McTOuHUK,
MaKCHMAaJIbHO BO3MOXKHOE BpeMs Habmtonenust MIcToyHuKa COCTaBUT:
t = ﬂT ~ 15 ner (3 6a/1a)

360°sin(e) P )
Cryctst 310 BpeMsa MCTOYHHMK BBIMAET W3 MOJS 3peHUs Teleckoma (MOJII0C MHpa
OyIeT mo-npexXHEMY B IIEHTPE IMOJIs, TaK KaK TEJIECKOM Ha 3eMJie CTOUT HETIOIBUXKHO,
OyIydu W3HAYAJIBHO HAMPABIECHHBIM Ha IMOJIFOC MUPA; HAIOMHUM, YTO TOJIOC MHUPA
M0 CyTH — TOYKA MEPECCUYCHHS MPOJODKCHHS OCH BpallCHHs 3eMJIM ¢ HEOECHOM
chepoii).
Ecnu B KOHEYHOM OTBETE ydalIuics HE pPa3eiiseT IMOJOXKEHHUS IOJI0ca MUpa H
HctouyHunka, TO Ipy BEPHOM YHCICHHOM OTBETE BBICTABIISIETCS He DoJiee 6 0aJ/10B.

Ilpumeuanue: Be3lie B PEUICHUM MOXXHO HUCIOAb30BaTh c0S(90-g) win cos(66.5°)
BMeCTO sin(€). Bo3aMOXKHBI Ipyrue peleHus 3a1auu.

Maxcumym 3a 3a0anue — 8 6annoe.
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3ananue 9

IIpu nocraBke Ha JyHHYIO 0a3y Tpy30B M NAcCCaXUpOB KOpaldib BBIXOAUT Ha
KPYTOBYIO OKOJIOJYHHYIO OpOUTY € BbICOTOM 25 kM Haja moBepxHocTbio JIyHbel. Han
[OCAaJJOYHOM IUJIOUIAJIKOW OH KOMIIEHCUPYET CBOIO OpOUTAIBbHYIO CKOPOCTb H
HauMHaeT cBoOojnHoe mnazeHue Ha JlyHy. Ha HexoTopoill BbICOTE BKIIOYAIOTCA
TOPMO3HBIE JBUTATEIM, KOTOpPbIE 0 MOCaAKu paboTaroT noctosHHo. Ha kaxoit
BBICOTE IEpe] MMOCAJAKONW OH JOJDKEH ObLI BKIIOYUTH TOPMO3HBIE JBUTATEIH, YTOOBI,
JBUTASICh C IIOCTOSSHHBIM YCKOPEHUEM, paBHBIM JBYM 3€MHBIM YCKOPEHUSAM
CBOOOJIHOTO TIaJICHHS, COBEPIINTh MSTKYIO IIOCanKy (C HYJIEBOM CKOpPOCTHIO)?
Cuntarh, 4TO U3MEHEHUEM YCKOPEHHUS CBOOOJHOrO MNaJCHUS C BBICOTOM MOXKHO
npeneOpeub. Macca Jlynsl B 81 pa3 menbuie 3emHOW, paauyc JlyHel B 3,67 paza
MEHBIIIE pagnyca 3EMIIN.

Omeem

ITocaaka xopabnst pacmanaercd Ha jaBa 3rtana: 1) cBoOonHoe majneHue (T. €. Habop
CKOpPOCTH), Juisiiieecss HauOosibliee Bpems, U 2) €€ KOMIEHcaluus A0 HyJsl IpU
KOHeuHOI nocajke. O6a 1BUKEHUSI paBHOYCKOpEHHbIEe. B miepBoM citydyae yckopeHue
KOpaOJyisi paBHO JYHHOMY YCKOPEHHIO CBOOOJHOrO TaJeHUsl, BO BTOPOM —
pE3yJIbTUPYIOLEE YCKOPEHUE OOpaTHO MO HANpaBICHUIO JIYHHOMY U PaBHO IBYM
3eMHBIM. 3aluIlieM ypaBHEHHs, OINKCHIBAIOIINE H3MEHEHHE CKopocTd. HauambHas
CKOpPOCTH Ha TIEPBOM dTare U KOHEYHAss CKOPOCTh Ha MOCJeIHEM dTare paBHbI ():

I/I'Ia,,E[(EHI/Iﬂ = gﬂtﬂaﬂeHI/IH U VI‘OpMO)KeHI/IH - ngtTOpMOX(EHI/IH = 0

Tak kak KOHE4YHasi CKOPOCTh MaJCHHs PaBHA HaYaJIbHOW CKOPOCTH TOPMOKEHUS, HAM
OyJIeT M3BECTHO COOTHOIIEHUE BPEMEH MaIeHUsI U TOPMOKEHUS:

M
tna,aem/m 293 R_§ M3 RJZI 1
=—=2E=02 2 =281 —~ 12
tTOpMO)KeHI/IH gn G _él MJI R3 3,67
RJI

N3 ycnoBus cnenyer, 4To:

Sl'[a,ELEHI/IH + STOpMO)KeHI/IH = 25 KM

2

gn tHa,[LeHI/IH
Sna,quHﬂ _ 2 _
= > =
STOpMO)KGHI/IH 174 t . 293 tTOpMO)KEHI/IH
naJieHus1 “TOPMOXKeH U 2
2
9n tnaaeHI/m
2

— 2
gf[ tHa,Z[eHI/IH tTOpMO)KEHI/IH 93 tTOpMO)KEHI/IH
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2

9n tl‘[aﬂeHI/IH 2
T t
— 2 _ 9n . nazieHus _
tna,ael-n/m . £2 tna,aem/m _ 93 ZthopMmKe}mH
9n t 93 TOPMOXKEHUS 9n t
TOPMOXKEHHUS TOPMOXKEHUS 9n
2
_ 1 ] tl'[a,ZLEHI/IH
tHaAeHHH _ 1 tﬂaﬂeHHH Zt’Iz‘OpMomeHI/IH

tTOpMO)KeHI/IH 2 tTOpMO)KeHI/IH

tna,aem/m

=——=12
tTOpMO)KeHI/IH
Pemass cucremMy M3 AByX ypaBHEHMii, MOJyyaeM, 4TO KopaOib JOKEH HadaThb
TOPMOKEHHUE Ha BBICOTE IPUMEPHO 1,9 kM.

Ouenueanue

3ajaya TOCTpOE€HAa HAa KOMOMHAIMM W3BECTHBIX IIKOJBHBIX (OpMyT A
PABHOYCKOPEHHOTO JIBHXKCHUS. 3a 3alKCh BBIPAKEHUS Ui CKOPOCTH U NMYTH MpHU
PaBHOYCKOPEHHOM JIBHKeHUU — 10 1 0asury. 3a 3anuck (ucrnonb3oBaHue) Gopmyibl
JUTISI YCKOPEHHUSI CBOOOJIHOTO TajeHusl (WJIM MCIOJIb30BaHUE HM3BECTHOM ydariemycs
BEJIMYMHBl YCKOPEHHs cBOOOAHOro mamenust Ha JlyHe — mpuMepHo 1,6 m/c’) —
2 0aJu1a. 3a nojiydeHue BEPHOTO YMCIOBOTO KOHEYHOTO OTBeTa (B AuamnazoHe oT 1,6
10 2,2 kM) — 4 6aaJa.

Ilpumeuanue: OlNCHKA HE CHIDKACTCS 3a HWCIIOJIB30BAHWE YHMCIOBBIX 3HAYCHUW IS
Pa3TUYHBIX BEIMYHMH (HAIPUMED, yYAITUHCS MOXKET 3HATh BEIMYUHY CBOOOIHOTO
nagcHus Ha Jlyne (mpumepho 1,6 M/Cz) U HCIIONIB30BaTh €€ npu pemieHnun). Gopmyny
JUISL OTHOIIICHMS ITyTel Ha pa3HBIX dTarax JBMXKCHUS MOYKHO OBUIO OBbI TIOJIYYUTh U U3
o0mux coobOpaxkenuit. Ho Hepomyctuma mpocTas 3amuch 3TOM  (HOPMYJIbI
(Snanenus! Stopmoerms— tnagenus! tropwoerms — KaK IIPH IBUKEHHH C TIOCTOSIHHOM CKOPOCTBIO)
0e3 OOBSCHEHMI, MOYeMy Takas 3alHCh «JICTHTHMHA» B HamIeM ciydae (B ATOM
ciTydae 3a MOJIyYeHHE KOHEYHOT'O OTBETA BHICTABIISETCS TOJBKO 2 6aJjlia).

Maxcumym 3a 3a0anue — 8 6annoe.
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3amanue 10

Macca Bcex actepouzioB TriiaBHOro mnosica oueHuBaerca B 50% maccel JIyHBIL
JlommycTrM, 4eoBeuecTBO pelmiio ounucTuTh COTHEUHYIO CUCTEMY U COOpajio X BCe
B OJIUH TUJIAaHETOU] Ha paccTosiHuu 3 a. €. oT CosHila. MoxHO U OyJeT YBUACTh ATy
HOBYIO IUIAHETY HEBOOPYXKEHHBIM TJIa3oM ¢ 3emiu? CpeaHiow IUIOTHOCTh U
OTpa)xaTeJbHYIO CIIOCOOHOCTh aCTEPOUIOB M IMOJYUYUBILIETOCS IJIAHETOM]Ia CUUTATh
OJIMHAKOBBIMHM U PAaBHBIMU COOTBETCTBYIOIIUM BenuyuHam juist JIynel. [{ns copaBku:
pacctosinue a0 Jlynel paBHo 384 000 kM, Buaumasi 3BE3nHas BeauurHa JIyHBI
B ITOJTHOJTYHHE COCTaBisieT —12,6™.

Omeem
Bripaszum cooTHOIIIEHNE pa3MepoB HOBOTO IiaHeTonaa u JIyHbI:

4
M“—gm[agp—os—> Bo _ 5 0,5~ 0,8
M, %nRﬁp Ry

OnpenenuM OTHOUIEHUE OCBEIIEHHOCTEH, CO3[]aBa€MbIX 3TUMU HEOECHBIMU TEIAMHU
Ha 3emJie, B IPOTUBOCTOSIHUSAX:

I

E,

B 4mag," " Ama?  4ma? " 4n(a, — ag)?

Tax xak anpben0 MOBEpPXHOCTH IUIAHETOMIA TaKoe ke, Kak y JIyHbl, TO OTHOLIEHHE
OCBELIEHHOCTEN, cO3/1aBaeMbIX JIYHOU M IJIAaHETOMOM Ha TOBEPXHOCTH 3EMIIM:

L@ T[RJ%
2 An 2 2 2 _ 2
E,  4mag "4maz  [a, (Rn> <an aea) _
E. Lo TR2 ~\ag/ \R, a, B

4maz” " 4n(a, — ag)?
30-1,5-108 — 1,5-108\°
384 -105

= (3,5)%(1/0,8)? =1.17-107,

L L .
ﬁ 2 ﬁ — OCBENEHHOCTH, co3aaeMble COJHLEM HA MOBEPXHOCTU JIyHBI 1
® n

rae
manerouna (paccrosuue ot CosiHna 10 JIyHBI cuMTaeM paBHBIM PACCTOSHUIO OT
Connua 1o 3emnu ag), a, — paccrossHue oT JIyHel 10 3emiH, a; — PacCTOSHUE OT
mianeronaa 10 CoHOa.

B nosiHonyHue Buaumas 3BE€3mHas BeawunHa JIyHbI cocraBiser —12,6". IloacraBum
U3BeCTHbIE JaHHbIe B (popmyiy [lorcona:

— Eﬂ —cm
mn—mﬂ+2,51gE— =5
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Jlasiee BCIIOMMHAEM, 4YTO HEBOOPYKEHHBIM TIJIa30M BHUJHBI 3BE3IbI 10 ILIECTOU
3BE3IHOM BEJMUYMHBI. MOXKHO CKa3aTh, YTO TaKOW OOBEKT 3aMETUTh OyJEeT MOXKHO.
Takke CTOUT 3aMeTUTh, 4YTO COOpKa IUIAHETOWJAa O3HA4YaeT HapylIeHUE ero
MOBEPXHOCTH W BBIXOJT HapyXy 0oJiee CBETJIOro BEIIECTBA U TOBBIIICHHUE
OTpaXKaroIIeld CIMOCOOHOCTH B 2 Wik 3 pa3a. DTO MO3BOJUT ITOMY OOBEKTY
puOaBUTH B APKOCTHU JIO OJTHOM 3BE3THOM BEITMUYMHBI.

Ouenueanue

Pewienune, mpencraBieHHOE BbIIIE, — HE €AMHCTBEHHO BO3MOXHOE. Pematb 31y
3a/1a9y He 00s3aTelIbHO Yepe3 cpaBHEHHE Tena ¢ JIyHOH. DTO MOXET OBITh U KaKOM-
HUOY b U3BECTHBIN aCTEPOUI.

3a yka3aHuE€ Ha TO, YTO HAOJIOAATh HOBYIO IUIAHETY HAJO0 B IPOTHUBOCTOSIHUU —
1 6an. 3a onpeneneHue pa3mepa miaHeToua (B KM Ui OTHOCUTEIBHO «OMOPHOTOY
Tena) — 10ama. 3a 3anmuch BBIPAKEHUS Il OCBEIIEHHOCTH (OCBEIIEHHOCTh
OpOIOpPLMOHATbHA KBaApaTy pajuyca IUIaHeThl W OOpaTHO MpPONOPIMOHANIbHA
KBajapaTy paccrosiHuss or CojHUA M KBajJpaTy pacCTOSIHUS OT HaOmoaarens) —
3 6aana. 3a 3anuch (opmynsl Ilorcona (nubo e€ wucnonbzoBanue) — 1 Gaaa
(popMysia MOKET HMCIOIB30BATHCS B Pa3HbIX BapHaHTax). 3a BbIYMCICHUE 3BE3THOU
BeUYHUHBI — 1 6aJ1 (KOHEUHBIN OTBET 3aBUCHUT OT MPUHSITHIX BEJIUYHH).

BbiBogu 0 BO3MOXHOCTH/HEBO3MOXXHOCTU HAONIOACHUS 3aBUCHUT, KOHEYHO, OT
MOJIyYEHHOI'0 YHMCJIEHHOTO OTBETA. JTa OLIEHKAa HE 3aBUCUT OT BCEX MPEIbLIYLIUX
maroB. Mbl npoBepsieM, 3HAET JIM yYalllMiCsl, YTO HEBOOPYKEHHBIM TJIa30M BUIHBI
O0OBEKTHI JI0 MIECTON BEJIMYUHBI (3/1€Ch TaKXKe TOMyCTUMO Kojebanue oT 5,5 10 6,5).
CootBeTcTBEHHO, 1 a1 CTAaBUTCS 32 BEPHBIN 110 OTHOLICHUIO K MPUHATON T'PAHUIIE
otBeT (Oymet/He Oyzer).

OTBeT «MOXKHO YBHUETH» 0€3 BBIUMCICHHI 1 000CHOBaHUs OlleHnBaeTcs B 1 6a.

Ilpumeuanue: BepHBI OTBET MOXET OBITH AaH 03 OONBIIOTO YMCIIA YHCIECHHBIX
BbIKIAJOK. OJHAKO OH JOJDKEeH ObITh XOpoUIo aprymeHTHpoBaH. Hampumep,
M3BECTHO, YTO acTrepouj Becra MoxeT mocturath Giecka okojo 5 (mpaBjia, mpu
PAcCCTOSIHUM MEHBUIEM, YEM JIaHO B YCJIOBHH — 2,2 a. €.). Ecau Kk HeMy npuiIenuTh Bee
OCTaJbHBIC AacTePOUbl, HE MEHAA anb0efo, TO OJEeCK WTOTOBOTO IJIAHETOWAA,
OUYEBUIHO, BBIPACTET, W €r0 COBEPUICHHO TOYHO MOXHO Oyaer HaOIaaTh
HEBOOPYKEHHBIM ra3oM. IIpu 3TOM MBI Hapymiaem yCIIOBHE 3aJaud — alb0eo
JOJKHO OBbITh TakuM ke, Kak y JlyHbl. COOTBETCTBEHHO, B TaKOIO pPOJia OTBETE
JOJKHA OBITh YYT€HA pPA3HOCTh B PACCTOSIHUSIX M pa3Mepax, a TaKkkKe CHeJIaHO
yKa3aHUE€ Ha BO3MOXHOE OTJIMYHME B OTPAKATEIbHON CIOCOOHOCTH BeliecTBa. Ecnu
BCE ITO BBINOJIHEHO, TAKOE PELIEHUE OLICHUBAETCA B 4 6aJlia (€ciid B OTBETE IPOCTO
YIOMUHAETCsl KakoW-1100 M3BECTHBIN acTepous (Hanpumep, Becra) nu Ha ocHOBaHUM
ATOro Aa€TCA OTBET, TO CTABUTCS 2 0aJiia).

Maxkcumym 3a 3a0anue — 8 6annos.

Bcezo 3a pabomy — 73 banna.

BoinosnsiiTe 3a1anus Ha 0J1aHKe PadoThI!
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