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BcOlll, mynununaabHsblii 3tan 2014

7-8 Ki1acchl

Byner. B Teuenue roga Connie OyneT ocBemaTh pa3Hble MOTymapus 3eMIIH.

Ha mepBoM puCyHKEe IMOKa3aHO BHJAMMOE [BWIKEHHE 3BE€3/I B CPEJHUX IIHPOTaX CEBEPHOTO
noxymapus. 3Be3Abl, 0 MHEHHIO XYyJI0KHUKA, BOCXOJAT Ha 3amaje, 3axoJiT Ha BOCTOKE. JTO
rpybas omubOka. Ha BTOpoM pucyHke 3emiis moBepHyTa ceBepHbIM moitocom k Commiy. He
HapuCcOBaHa oOONACTh TOJYTEHW U 3HAYUTEIHHO TMPEBBINICHBI pa3Mepbl JYHHOW TEHH Ha
MOBEPXHOCTH 3EMJIH.

Kpome HakmoHa opOuTH JIYHBI K IUIOCKOCTH SKJIMITHKHA CJICAYET YIUTHIBATh M mapajiakc JIyHbI
(57,3/). [Tostomy, mepedenb co3pe3auii: PviOb, OBen, Kut, Opwuon, Bosmwuuii, Tenem,
bmusnensl, Pak, JleB, Cexkcrant, Bopon, leBa, Becrsl, Ckopnuon, 3meenocen, Crpenen, Kosepor,
Bopouneii.

Bce mepeuncneHHble O0OBEKTHI, KpPOME CO3BE3/HUs, SBISIOTCS PEajbHO CYIIECTBYIOIIUMU
ACTPOHOMHMYECKUMH OOBEKTaMH, a CO3BE3JUe - 3TO 00JacTh Ha HeOecHOH cdepe, MPOU3BOJIBHO
BBIJICJICHHAS YEJIOBEKOM, 00BEKTHI KOTOPOU B 00IIEeM CiTydae He CBSI3aHBI MEXIY COOOM.

DTO CEeBEPHBIN U FOKHBIN MOJTIOCA.

JIBU>KeHME CTOAILIEro Ha HKBATOPE YEIOBEKAa OTHOCUTEIBHO LIEHTPA IIaHEThl BOSHUKAET BCIEICTBHE
BpallleHUS 3TOM IIAHETHI BOKPYT cBoel ocH. Kaxkgas Touka 3KBaTopa MIAHETHI, COBEpIIAs MOJHBIN
060poT B 360°, MPOXOAUT MPH 3TOM ITyTh, PABHBIN JJIMHE OKPYXKHOCTH dKkBaropa L = 2IIR, rne R-
panuyc miaHeTbl. Tak kak paguyc JlyHel B 4 pa3a MeHblle paguyca 3eMid, TO U JJIMHA
OKpYKHOCTH 3KBaTOopa JIyHbl B 4 pa3a MeHblIE JJIMHBI 3KBaTOpa 3eMiu. 3eMJisd JenaeT MOJHbIN
000pOoT BOKpYT cBoel ocu 3a 1 cyrku, a Jlyna - 3a 27.3 cyrok (MoxHO OKpyriuTh 10 30). Takum
o0pa3oM, TOYKa Ha dKBATOpe 3eMJIM MPOXOJHUT B 4 pa3a Oonbmuil myTh 3a mpuMepHo B 30 pa3
MeHblIee Bpems. CieaoBaTelbHO, CKOPOCTh, C KOTOPOW YENOBEK, CTOSIIMI Ha SKBAaTOpe 3eMiiH,
JIBUXKETCSI OTHOCUTEIIBHO €€ IeHTpa, mpuMepHo B 120 pa3 Oosble aHAJIOTHUYHOW CKOPOCTH ISt
JIyHBbI.
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Pagnyc mmaHeTbl CBsi3aH C €€ Maccod W IUIOTHOCTHbIO dopmysiod R =3 4—~p .
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[LIOTHOCTH BOXBI cocTaBisieT 1 r/cm’. Cpenssisi IJIIOTHOCTh 3€MJIM IIPUMEPHO B 5,5 pa3s
Oompmie. 3HAYUT, paanycC miapa ¢ Bojou Oyaert 3/5,5 =1,7paza Gonpiie paauyca 3eMiid,

qro coctaBuT 11300 kM. B CosHeuyHOW cuUCTEeME TakuxX IUJIaHEeT HET, HO Cpeau
BHECOJIHEYHBIX €CTh DK30IUIaHETHhI ImoaoOHoro pasmepa. Cpenssisi tmioTHOCTh CosHITA
1,5 r/CM3, 9TO COBCEM HEMHOTO BBIIIE MIIOTHOCTHA BOAbl. OUYE€BHAHO, YTO UCKOMBIK IIAp
OyneT mpuMepHO cojHedHoro pasmepa — 1,1 pamuyca Connma uam 800000 kM. Takux
3Be3[ B ['ajlakTHKE MHOXKECTBO.

Bce nmnepeuncieHHple O0O0BEKTBHI, KpOME CO3BE3AMS, SBIAIOTCA pEalbHO CYUIECTBYIOIIUMHU
aCTPOHOMHMYECKMMU OOBEKTaMH, a CO3BE€3Jue€ - 3TO o0yiacThb Ha HeOecHOM cdepe, MPOU3BOJILHO

BBIJICJICHHAS YEJIOBEKOM, 0OBEKTHI KOTOPOH B 00IIEM Cilydae HE CBSA3aHbI MEXIy COOO.

Y ckopeHue cBOOOJHOrO MajgeHusl Ha NOBEPXHOCTH MJIAHETHI g PaBHO

o= G

RQ
rne M n R — macca u paauyc miaaHetel. Macca Mapca cocrasasier 0.107 ot maccsl
3emnu, a ero pamuyc — 0.533 pamuyca 3emunun. B urtore, yckopeHue CBOOOIHOTO

nanenus g Ha Mapce paBHo 0.377 oT aTOM ke BeauuuHbl Ha 3emiie. [lepuoa komedanmit
yacoB 7 ¢ MassTHUKOM JUIUHBI / paBeH

T=12r %

U MasiTHUKOBBIE 4yachkl Ha Mapce OyayT uartu B 1.629 pa3 menjieHHee, 4eM Ha Halleu
IUIaHETE.

ConHile B TeueHUE CYTOK JBMKETCS 1o HeOy, mpoxons 3a yac 1/24 yacTb OKpPYKHOCTH (C YrjoBOM
ckopocThio 15¢/9ac). Jlnuna 1/24 skBaTopa 3eMiid COCTABIISIET OKOJIO 2 THIC. KM, IIOATOMY COBEPIIEHHO
OUYEBHUIHO, YTO MCKOMAs Iapajuieib JOJDKHA ObITh OUeHB OJHM3Ka K MOJItocy. Toraa MOKHO CUUTATh, UTO
CoutHIle B TeUEHHE CYTOK ABIDKETCS MPAKTHUECKU MapajuieibHO ropu3oHTy. st Toro uto6sl CoHile
«OCTaHOBHJIOCH», OUYEBMJIHO, HY’)KHO UJATH C YIJIOBOW CKOPOCTHIO, paBHOU yrioBoil ckopoctu CoiHIa.
Ckopoctp memiexona npumem 3a 5 km/d4. Takum oOpa3oM, Ha ucKoMoM mapamnenu 1/24 dacte
OKpPYXXHOCTH JOJDKHA COOTBETCTBOBATH 5 kM. Clie10BaTeNbHO, [UTHHA OKPY>KHOCTH UCKOMOM Tapaiesin
paBHa 24'5 = 120 km. Otcrona paanyc cootBercTByromen nmapamienu R = 120/(2w) = 20 km. Tak kak
ATOT paguyc Mal 1O CPaBHEHHIO C PAJAUYCOM 3E€MIIM, TO MBI MOXKEM CUHTaTh, YTO PACCTOSHHE OT
IIOJIKOCA IO TOYEK ATOM napayuieny Takke paBHO 20 kM. PaccTosiHue B 01MH Tpayc 0 MEPUAHAHY, KaK
U3BECTHO, paBHO OkoJio 111 kM. 20 kM cocTaBistoT npuMepHo 1/6 yacts ot 111 kM. CienoBaTenbHoO,
JaHHAsl Mapajienb OTCTOUT Ha 1°/6 oT mostoca U T.0. mupoTa ee 90° — 1°/6 = §9°50' (ceBepHOl MH
F0’)KHOM IIUPOTHI).

3aiaHue MOKHO BBIIIOJIHUTD ABYMs criocobamu. PaccMOoTpuM KX oouyepesiHo.
1) Ilycth Ha OAHY YallIKy PhIYAKHBIX BECOB I0JIOKEHO MHTEPECYIOIIEEe HAC TEJIO MacChl m; a Ha
BTOPYIO — TUpPsI Macchl my. Tak Kak COYTHUK U BCE Tejla HA HEM (B TOM YHCJIE B3BELIMBAEMOE
TEJIO W TUpsl) UMEIOT B I'PAaBUTALMOHHOM I10Jie 3eMJIM OJMHAKOBOE yCKOpeHHue (HEempepbIBHO
«rajaloT» Ha 3€eMIJII0), BEChl OKaXyTCS B COCTOSHUU Oe3pa3iuyHoro pasHoBecHs. OnHako
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PaBHOBECHE HAPYLIMTCS, €CIM BECHI C HAXOMAIIMMKCS HA HHUX TEIAMU IPHBECTH B YCKOPEHHOE
nBUKeHUE. Bemp 4TOOBI pasHBIM 10 MACCE TeIaM COOOMINTH OJMHAKOBOE YCKOPEHHUE a, HY/KHEI
pasHBIE CHJIBL:

Fi=ma, F;=m:a.
HetpynHo n0OMTBCS, BO BCAKOM Cllydae, HPUOIM3HMTENBHO, 4YTOOBI CTpEIKa BECOB HE
OTKIIOHSJIACH OT HYJIEBOTO IIOJOKEHUS M IIPH YCKOPEHHOM IBHKEHMH — JUIS 3TOTO HYXKHO,

9YTOOBI MacChl T€Ja U TUPb ObUIM PaBHBIMU.

2) MOKHO BOCIOJIb30BaThCS U MPYKUHHBIMH BeCaMU— JHHAMOMETPOM. Eciu mojaBecuTh K HEMY

HCCIIeTyeMOe TEJIO U MPUBECTH CHCTEMY B JBMKCHHE C HEKOTOPBIM ITOCTOSIHHBIM YCKOPEHHUEM a,
TO yKa3arelb JHHAMOMETPA 3aPUKCUPYET CHITY

Fi=ma.
3areM cieyeT OJBECUTh BMECTO Tella THPIO H3BECTHOM MAacChl My W MPUBECTH JUHAMOMETD B
JBHKCHHE C TEM JK€ YCKOPEHHUEM a. B 3ToM cirydae moka3aHus JHHaMOMETpa OyayT

Fr=m;a.
[TopenuB nocneHUEe qBA PABEHCTBA APYT HA JPYyra MOWICHHO, MTOTYIHM

Fy/F;=my m;, orkyna m= myF|/F,.

6. Kpome HakiioHa opOutsl JIyHBI K IJIOCKOCTH SKJIUNTUKHU CIEAYET YUYUTHIBATh U Napaiakc JIyHbl
(57,3/). [Toatomy, nepedens co3pe3auii: Peiob1, OBeH, Kut, Opuon, Bosuuunii, Tenen, bnusnens,
Pak, JleB, Cexcrant, Bopon, lea, Becrl, Cxopnunon, 3meenocen, Crpenen, Kozepor, Bogomeii.
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ExerosHo noBTOpSAIOTCSA T€ aCTPOHOMHYECKHUE SIBJICHUS, KOTOPbIE CBS3aHBI TOJIBKO C ABUKEHHUEM
3emuin o opOute BOkpyr CojHIIAa, TO €CTh PAaBHOJCHCTBHUS, COJHIECTOSHHUS W MaKCUMYMBI
METEOpPHBIX MOTOKOB. DTHU SBJIEHUS IMOBTOPSIOTCA HPUOJU3UTEIBHO B OJHHU M TE€ K€ JaThl,
HalpuMep, BECEHHEE PABHOJEHCTBHE npuxoautcs Ha 20 mium 21 mapTa, MOCKOJIBKY B HAIlEM
KaJIeHJape €eCTb BHCOKOCHBIE TOJAbl. Y METEOpPHbIX IOTOKOB HETOYHOE IIOBTOPEHHE JaT
MaKCHUMYMOB CBSI3aHO Takxe U ¢ apeiipoM ux paauantoB. OcCTajabHbIE YIOMSHYTBIE SBJICHUS
a100 MMEIOT MEePUOJUYHOCTH, OTIMYHYIO OT 3€MHOT0 roja (mojHoyiyHus, 3armeHus CoiHia,
3aTMeHUsl JIyHBI, MPOTUBOCTOSIHUS IJIaHET, MAaKCUMyMbl Ojecka IMepeMEeHHbIX 3BE3[), 0o
BOOOIIIE HENEPUOJNYHBI (TTOSBICHUE IPKUX KOMET, BCIBIIIKH CBEPXHOBBIX).

Ecmun xocmuveckuit kopabiib ABMKETCS BOKPYT IUIAHETHI C BBIKIIOYEHHBIMU JIBUTATEIISIMH, TO
€IMHCTBEHHOH CHJIOW, IEUCTBYIOIIEH Ha HETO, ABISETCS CUNA [, IPUTHKEHUS K IUIAHETE:

Fopas = GMm/R’,
rae G — TpaBUTAlMOHHAsA TOCTOsSHHAsA, M — Macca TUIaHEeThl, m — Macca Kopabmst u R —
paccTosiHue MEXIy KopadiieM M IEeHTpOM IuiaHeThl. [Ipu HeOOIbINOoM BRICOTE MojeTa R MOXHO
CUMUTATh PABHBIM PanyCy IJIAaHEThI (MBI [10JIaraeM, YTO OHA Mo Gopme OIM3Ka K 1apy).
BeIpazum maccy miaHeTsl yepes ee paJuyc U CPEeIHIO0 INIOTHOCTH P:

M =Vp=(4/3)zR’p,
Y TIOJICTaBUM IOJydeHHOE 3HaueHue M B npeaplayiyto Gopmyiy; Toraa

F.paws= (4/3)GnRpm
[Tockonbky kopaOib JBMXKETCS MO KPYroBOM opOWTE, HA HEro JAEHUCTBYET LIEHTPOCTPEMHTEIbHAs
CHJIa, KOTOPYIO MOHO 3aIlicaTh B BUE

F,.= mV'/R = moR = 4°mR/T",
Il v — JUHEWHAas U @ — YIJIOBasi CKOPOCTU JBMXKEHMSI KOCMUYECKOTO KOpalisi, 7—IepuoJi ero
oOpallleHHuss BOKpYI IUIaHeThl. Tak Kak poJib LEHTPOCTPEMUTENIbHOM CHUJIbl HUIpaeT cuja
TPABUTAIMOHHOTO MPUTSIKEHUS, MOYKHO MPUPABHATH MPABBIC YACTH JABYX MOCIEIHUX BBHIPAKCHHUN U
MOJIYYUTh IUIOTHOCTD:

p = 3n/GT’
Takum 00pa3zom, onpeienuB ¢ MOMOIIBIO0 YaCOB MEPUO]] 0OpaleHHs] KOpadiis BOKPYT IJIaHETHI,
MOYHO pacCYUTaTh €€ CPEIHIOI0 IIJIOTHOCTb.

OCHOBHOM CIO0KHOCTBIO 3aa4du ABJISICTCA BBIACHCHUE TOI'O, KaK COCUHUTATh o0beM TOpa. Mo>xHO
CYUTATh, YTO HA KaXJOM HEOOJBIIIOM YYaCTKE TOP MPEACTABISECT COOOW «HMCKPHUBJICHHBIN
LHUJIUH]P, 00bEM KOTOPOIO, YTO JIETKO MOKa3aTh, COBIAJAET ¢ 00BEMOM TOTO XK€ LWIMHJIpA, HO
«pacnpsmiaerroro». T.e., 0GbeM Topa oKasbiBaeTcsi paBHbIM 27 2.5-1(1/2)> = (5/4) n* =~ 12 a.e.’.
ClleI0BaTeIbHO, HA KaXKIBIH aCTEPOHI B CpeaHeM mpuxoautes oovem 1210 ®a.e.”,a cpemnee
pacCTOsSIHUE MEXTy aCTEPOHaMHU PaBHO KyOHUEeCKOMY KOPHIO U3 3ToTo 00bema, T.€. =~ 0.02 a.e

Kaxk u3BecTHO, nepuoj oOpauienus tena Bokpyr CoisHua P, BelpakeHHbIH B rojax, U Oojblias
MOJIyOCh €ro OpOWTHI a, BhIpaKEHHAasi B aCTPOHOMHUYECKUX enuHunax, cpszanbl III 3akoHOM

Kennepa:
P=d

MuHUMaNBHBIN EPUOJI, COOTBETCTBYIOIINI MUHUMAIBHOW OOJIBIION MOJYOCH OpOHUTHI, ONpese-
JAETCA TE€M, YTO KOMETa JOJDKHA HaxoAauThbesi BHE CoiHIIA - OOJbImasi MOJyoCch €€ OpOUTHI HE
MOXeT ObITh MeHbIne paguyca ConHia (Ha caMoOM Jenie, KOHEYHO, U KOMETa, JIeTalomas Mmpak-
THYECKH 0 «moBepxHOocTH» CONHIIA, MPOCYIIECTBYET OYEHb HEIOJTO, HO IS OIEHKH TaKyIO
KOMETY MOXHO paccmoTpeTh). Paguyc CosHIla, BRIpaXCHHBIM B aCTPOHOMHYECKUX E€IUHUIIAX,
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paBeH npumepHo 1/220 a.e. (3TO 3HaUY€HHE MOXHO MOJIYYUTh, BCIIOMHUB, YTO YIJIOBOM pazmep
Counnna Ha HeGe cocTaBiseT 0koo 30), M0ITOMY MHHHMATBHBIH TEPHO OKAXKETCS PABHBIM:
Pmin=(1/220)3/2z3 yaca.

MakcumanbHBIA TIEPUOJ, COOTBETCTBYIOIINNA MAaKCHUMaJbHOW OOJIBIION MOJTYyOCH OpPOHUTHI, OMpe-
JeNnsieTcsl TeM, YTO KOMEeTa He AO0JDKHA ynanarbes oT CosHIa Ha paccTOsSHUE, MPEeBbILIAIoIIee
paccrosgHue 10 Omkalmux 3Be3A. B mpoTtuBHOM ciydae B okpecTHocTH adenus (Haumbosee
yaaneHHoM oT CojHIa TOUYKU OpOUTHI) Takas KoMeTa OyJleT UCIBITHIBATh CYIIECTBEHHBIE BO3-
MYILIEHUSI CO CTOPOHBI APYTHX 3B€3] M C OOJBIION BEpOSITHOCTHIO yieTUT oT CoJiHLIa HaBCerja.
MoXHO TakXe Y4ecTb, YTO HAOJIOJaeMble TOJITONEPUOINYECKHE KOMEThI JBIKYTCSA MO OYEHb
CUJIBHO BBITSHYTBIM OpOMTaM, MOATOMY MaKCUMaJlbHO€ PacCTOSIHUE, HA KOTOPOE OHU OTXOJIAT
ot CoJiHIIa, MPAKTUYECKH PABHO YJIBOCHHOU OOJIBIIION MOJYOCH OpOHTHI.
bnwxkaitmas ot ConHua 3Be3na (a LlenTtaBpa) HaxoquTces Ha paccTossHUM 1.3 MK, MO3TOMY MpH-
MEM B KauecTBE OLIEHKH MaKCHUMaJbHO BO3MOXXHOU Oomnpiioi nonyocu a = 0.5 nk. Ilockonbky
B | mapceke conepx’uTcs npuMepHo 2 - 10° ACTPOHOMHUYECKUX €AMHMUIL (110 OMPEAEIIEHUIO CTOJIBKO
e, CKOJIbKO CEKyHJ B pajJuaHe), TO 3TO O3Ha4yaeT, YTO MaKCHUMaJbHO BO3MOXHBIH NEPHOA
MOJKHO OLIEHUThH KaK

Poax = (10°)°? = 10" = 3 - 10" nem = 30 man.nem.

OCBeIEHHOCTh, CO3/JaBaeMas TOYEYHBIM OOBEKTOM, OOpaTHO MPOMOPUHOHATIBFHA KBAIpaTy
paccrosinus 10 Hero. COOTBETCTBEHHO, yaajieHHas Ha paccrosaue 70 MK 3Be3na OyAeT co3/1aBaTh
ocBelmeHHOCTh, B 100 pa3 MeHbIIyO, Ye€M HUCXOAHO. MWM3BECTHO, 4YTO YMEHbIICHUE
OCBEIICHHOCTH Ha JIBa MOPSAKA COOTBETCTBYET YBEJIMYCHHUIO 3BE3/IHON BEIWUYMHBI 0OBEKTa HA
5™ tak uro orBer: 11™.

a) YTII0BO# pazMep caMoJI€Ta COCTABJISET IPUMEPHO MOJIOBUHY JIYHHOTO JUCKA, T.€. 0koJio 15°. Tlpu
mmHe camosiéta L ot 30 mo 40 m (coBpeMeHHBIH aitHep) nosydaeM paccrossaue 3438L/15 , T.e. ot
7 10 9 KM — BOJIHE pa3yMHbIH OTBET.

6) Onpenenuth CTOPOHBI TOPU30HTA HaM NOMOKET pesnbed JIyHbl. JIyHHBII TepMUHATOP MPOXOIUT
MpUOJIM3UTEIBHO C ceBepa Ha 1T (ceBep cieBa, rae Mope oxneit). Hoc camonéra mpoernupyercs
Ha Mope Kpusucos, ciegoBaTeabHO, CBEPXY Ha KapTUHKE JIYHHBIA BOCTOK, CMOTPSILIMI Ha 3€MHOMU
3anan). Hanpasnenue nosiéra camonéra — 3amnaji-ceBepo-3amna.

B) [lockonbKy caMONIET MBI BUAMM «CHH3Y», JIyHa HaxOgUTCS BBICOKO HaJ TOPU30HTOM, BOJIU3U
KyneMuHanmu. CyJis 10 TOJIOKEHUIO TepMUHATOpa, Bo3pacT JIyHsI 8-9 CyTOK, M KYJIbMUHUDPYET OHA
B 19-20 yacoB MECTHOTO BPEMEHH.

r) T.x. Jlyna KkynpMuHuUpyeT BOJM3M 3€HUTa, (OTO CJAETaHO B TPOMHYECKUX LIMPOTAX.
(HeiictBuTenpHO, POTO CIETAHO HA CEBEPO-BOCTOKE ABCTpAJIUN).
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ExeroaHo noBTOpsAIOTCSA T€ aCTPOHOMUUYECKHUE SIBJICHUS, KOTOPbIE CBS3aHBI TOJBKO C ABUKEHUEM
3emuin o opOute BOkpyr CojHIIA, TO €CTh PAaBHOJCHCTBHUS, COJHIECTOSHHUS W MaKCUMYMBI
METEOpPHBIX MOTOKOB. DTHU SBJIEHUS IMOBTOPSIOTCA HPUOJU3UTEIBHO B OJHHU M TE€ K€ JaThl,
HalpuMep, BECEHHEE PABHOJEHCTBHE npuxoautcs Ha 20 mium 21 mapTa, MOCKOJIBKY B HAIIEM
KaJIeHJape €eCTb BHCOKOCHBIE TOJAbl. Y METEOpPHbIX IOTOKOB HETOYHOE IIOBTOPEHHE JaT
MaKCHMYMOB CBSI3aHO Takxe U ¢ JapeiipoM ux paguantoB. OcTajabHbIE YINOMSHYTBIE SBJICHUS
a100 MMEIOT MEePUOJUYHOCTH, OTIMYHYIO OT 3€MHOT0 roja (mojHoyiyHus, 3armeHus CoiHia,
3aTMeHUsl JIyHBI, MPOTUBOCTOSIHUS IJIaHET, MAaKCUMyMbl Ojecka MepeMEeHHbIX 3BE3[), JH0o
BOOOIIIE HENEPUOJUYHBI (TTOSBICHUE IPKUX KOMET, BCIBIIIKH CBEPXHOBBIX).

[TockonbKy acTepousl HaXOAUTCS B MPOTHUBOCTOSHHUM, 3TO O3HA4YaeT, YTO €ro IOJIOKECHHE Ha
HebecHOU cdepe MPOTUBOMOJIOKHO MoJjokeHnto ConHia. OCTanoch JIMIIbF BCOOMHHUTH MOPSIOK
30/IMaKaJbHBIX CO3BE3IWM M TpUMEpHbIe naThl, Korjga COJIHIIE HAXOIUTCS B TOM HJIM HHOM
co3pe3nuu. 18 nekadbpst ConHile HaxonuTes B co3Be3auu Crpenbla (IpakTHYeCKd Ha TPAHUILE C
CO3Be3/1MeM 3MEEHOCIa), CIeJ0BATENbHO, HAIPOTUB HaxoaaTcs co3e3nus Tenbua u binsnenos,
KOTOpPBIE M SIBJISIIOTCS BO3MOKHBIMH OTBETaMM 3ajaud. MOXXHO Takke MOHSTh, 4To CoJHIe
HaXOJIUTCS MPAKTHYECKH B TOYKE 3UMHETO cosiHiectosHus. CrnenoBarenbHo, Llepepa momkHa
OBITH OJM3KO K TOYKE JICTHErO COJIHIIECTOSIHUS, KOTOpas HAXOJUTCA Ha TPAHUIE CO3BE3IHI
bmuznenoB u Tenpma (mpuuem, mockosibky llepepa He «maommiay 10 TOYKH COJHIIECTOSHUS,
Tener siBisieTcst 60j1ee BEPOSTHBIM OTBETOM).

OCHOBHOM CIOKHOCTBIO 3aa4uu ABJIACTCS BBIICHCHHUEC TOI'O, KaK COCUHUTATh 00beM TOpa. MosxHO
CYMTaTh, YTO HA KaXJOM HEOOJBIIOM Yy4YacTKE TOp MPEICTABIACT COOO0M «UCKPUBIICHHBIN»
HUJIUH]P, 00bEM KOTOPOIO, YTO JIETKO MOKa3aTh, COBMAaAAaeT ¢ 0ObEMOM TOIO K€ LIMIUHJIPA, HO
«pacnpsmiaerroro». T.e., 0GbeM Topa OKasbBaeTcs paBHbIM 21 2.5-m(1/2)* = (5/4) n* =~ 12 a.e.’.
ClleI0BaTeIbHO, HA KAXKIBIH ACTEpPON B CpeaHeM mpuxoantcs obvem 12:10 ®a.e.’,a cpemnee
paccTosIHUE MEXTy acCTEpPOHaMu PaBHO KyOM4eCKOMY KOPHIO U3 3Toro o0bema, 1.e. =~ 0.02 a.e.

[TocTtaBuM nuHENKY BEPTHUKAILHO Ha (JOHE YEPHOTO MOJOTHA U OCBETHM €€ MPEPHIBUCTHIM ITyYKOM
JTyded, WAYINIMX OT JIaMIIbl 4Yepe3 Iejb Ha PAaBHOMEPHO BPAIAIOIMIEMCS TUCKE. 3aTeM OTKpPOEM
3aTBOp (hoToammapara W BBITYCTHM IIAPUK U3 PYK TaK, 4TOOBI OH MPOJIETEN] MUMO JIMHEWKU. Ha
MoJTy4eHHOM (DOTOCHUMKE OYyIEeT BUIHA JIMHEWKA U PAJT CBETJIBIX MATEH, OTBEUAOIINUX MOJIOKECHUSIM
mapuka B T€ MOMEHTBI, KOTJa Ha Hero manan cBer. Paccrosams [;, [, I3 u T. 1. MeXAy 3TUMHU
MOJIOXKEHUSIMH JIETKO OTCUUTATH IO JACJICHUSIM Ha JIMHEHKe (puc.).

[TepBoe cBeTIO€ MATHO COOTBETCTBYET MOMEHTY, KOT/Ia OT HavaJia IBM)KCHUS MPOIILIO BpeMs, fy, 3a
3TO BpeMsl IMAPHUK yCIIeN MPOUTH PACCTOSIHHUE ) = gt02/2, r7e g¢— YCKOpPEHHE CBOOOIHOTO MaJACHHS
Ha 1UiaHeTe. Bo BTOpoi#l pa3 miapuk 3amedariieH 4epe3 BpeMs f; OT Hadaja JABWKEHHUS, KOTJa OH
npouien nyTh S;=gt12/2. TpeTbeMy MOJTOKEHUIO COOTBETCTBYET BpEMS £, U MPOUACHHBIN TyTh S; =
g*t,°/2 v T.1. OueBunHoO, uto 1;=g/2[(ty+ 1)°-1°)]=g/2(2ty T + 7°)

Kpowme Toro, E‘ oé-,-t,_
l1=s1-s0= g/2[(tr’~t5’)] EloHt
[,=55-5;= g/Z[(t22—t12)] :_ ozi_?
Kpome Toro? F 4
ti=tptt, L=1t+t1=1)+27 :_ ks .
rjic T — HMHTEPBAI MEXKIY ABYMs IIOCIIEJ0OBATEILHBIMH MOMEHTAMH OCBEHIEHUS | O_}‘?;
LITApUKA, PABHBIH MIEPHOLY BPAIICHUS dIeKTpoBuraTess. [1ocie 3Toro Msl MOXKEeM | :.* '
3anucarb - i
Flote.
£ 6



Li=g/2[(ty+ 1)*-t°)]=g/2(2ty T + T°)

L=g/2[(ty+ 20)°-(tg+ ©)*-1°)]=g/2(2ty T +3 )

Borunras U3 BTOporo ypaBHeHuUs MepBoe, Nojaydaem

I -Lb=g7, orxkymag=(l;- L)/ 7

3HaueHus /; U [, OTCUMTHIBAIOTCS IO JEJICHUSAM Ha JIMHEHKe, a T ompelensercs MO H3BECTHOMN
4acTOTE BPALLEHUS 3JIEKTPOIBUraTEIs.

Brrurciienusi, He00X0IUMBbIE ISl TIOJIYYEHHSI OTBETA, CYILIECTBEHHO YIPOIIAIOTCS, €CJIUM U3BECTHA
cpemmsis miotHocts Comuma (1.4 r/cm’). Bocmons3yemcst 5THM (GakToM (B MPOTHBHOM CIIydae
CXeMa pEeLIEeHUs OCTaHEeTCs TaKOH K€, HO MOHaJA00UTCS 3HAaHHE HEKOTOPBIX APYTMX KOHCTAHT -
HanpuMmep, FPaBUTAIIMOHHON OCTOSIHHOM).
Jlerko MOHO 3aMETHUTh, YTO paguyc OpOUTHI IJIAHETHl cOocTaBideT a = 2/3 a.e. OpOuTanbHbIN
nepuon P = 1/2 rona, nosToMmy MoxkHO Bocmnoibs3oBatbes I 3akonom Kennepa B Buze:
a’/PP=M,
rie P BbIpakeH B rojax, a - B aCTPOHOMHYECKUX eauHuLax, a M - B maccax Connna. Otcrona
nojy4yaem, 4To macca 3Be3abl M = 32/27 maccel ConHua.
Taxke Jerko 3aMeTuTh, YTO YIJIOBOM pa3mep 3Be3/bl Ha HeOe IJIaHEeThl B J1Ba pa3a 0oJible, 4eM
yrioBoi pazmep CosHna - Ha 3eMHOM. OTCroja ciienyeT, uyTO pajuyc 3B€3/bl COCTAaBISAECT:
2 - 2/3 =4/3 pagnyca Connua. Tak Kak cpeJHsisl IUNIOTHOCTb 3BE3/1bI MPSIMO MPOMOPIIUOHAIbHA
ee Macce M 0OpaTHO NIpPONOPLHMOHANBHA KyOy paauyca, MOJIy4aeM, YTO IUIOTHOCTb 3BE3/bl
32/27 - 27/64 = 1/2 nnortanoctu Coiunna, t.€. 0.7 r/eM’.

OCBEeIEHHOCTh, CO3/1aBaeMas TOUYECYHBIM OOBEKTOM, OOpPaTHO MPOMOPIMOHAIbHA KBaJApaTy
pacctosinus 10 Hero. COOTBETCTBEHHO, yJajeHHas Ha paccTosiHue 70 MK 3Be3/1a OyneT co3/1aBaTh
ocBemeHHOCTh, B 100 pa3 MeHbIIyO, Ye€M HUCXOAHO. MWM3BECTHO, 4YTO YMEHbIICHUE
OCBEIICHHOCTH Ha JIBa MOPSAKA COOTBETCTBYET YBEJIMYECHUIO 3BE3/IHON BEIWUYMHBI 0OBEKTa HA
5™ tak uro orBer: 11™.



