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1.

B nasekom OyayIieM 9acTh 9eI0Be9IeCTBa MEPECeTIIACh HA IJIAHETY, CUJIA TSIXKECTH Ha TTOJIIOCe
KOTOPOii ObljTa B TOYHOCTH TAKOW Ke, KaK M Ha MOJII0ce 3eMJIH, HO CaMa IJTaHeTa IIPU STOM ObLIa
3aMEeTHO KPYIIHee: JIJINHA ee 9KBaTopa paBHaiach 60 ThicgdaM KHJIOMETPOB. UTOOBI He CKydYaTh
110 3eMHOi1 JIyHe, mepeceieHITbl PENuIn MOMECTHTh Ha OPOUTY BOKPYT ILJIAHETHI MAJIYIO TIIAHETY
13 MECTHOTO Tosica acTepou10B. Kakoro pasmepa J0KHa OBITH 9Ta MaJjias JIAHETa 1 HA KAKOM
PACCTOSIHUE OT IEHTPa OCHOBHON IIAHETHI MMOCEEHIS €€ HYKHO MMOMECTUTH, YTOOBI U TEPHUO/T
obpallleHust, ¥ BUJIUMbIE pa3Mepbl ITOJIYYUBIIErOCs CIIYTHUKA ObLIN TAKUME YK€, KaK y 3€MHOM
JIyupr?

Pernenune:

yCKOpeHI/Ie CBO60,ZLHOFO IMaJeHrud MOXKHO BbIPA3UTh Y€pPe3 PaJuyC U MacCCy ILJIaHETbI, TOT'JJa MbI
MOXKeM IIOJIYIUTb 3Ha4deHne MacCChl I1JIaHEThI:

GM gR?
=— = M=—.
=R G
Hawm 6yzer y1o6HO BeIpa3uTh Maccy IJIAHETHI B MaccaxX 3eMJId, II09TOMY IT0JICTaBUM BbIparKeHne
JUIS ¢ 9epes3 mapaMeTpPhbl 3eMJIN:
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OmnpejiesiuM paccTosime, Ha KOTOPOM HYZKHO ITOMECTUTH MAJIyIO IJIAHETY, JIJIsi 9TOrO 3aliiieM
Tperuii 3akon Kermtepa s cucrembl «3emid — JIyHa» w0 J1s cUCTEMBI «IUIaHETa — MaJias
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472 T? 472

T GMy, 4 GM’

Q
]

a=a -3£%13a =5-10° kM
Jig  oObeKTOB ¢ HEOOJIBIIUMHU  YIJIOBBIMU — pa3MepaMH  yIJIOBOH juamerp obpaTHO
MIPOTIOPIINOHAJIEH PACCTOAHUIO 10 OObeKTa. J3HAYUT, OOBLEKT JI0/KeH ObThb B 1.3 pasa
kpynnee JIyHbl u pasmepamu OyJierT 01M30K K MepKypwuio.

A.B.Beceaosa

LHKO.HBHI/IK BaCH IpOoYrTaJI B 9HOUKJIOIICINN O CTPOCHUU I1IJITaHETHI B ,Z[aﬂeKOfI 3Be3,ZLHOIU/I CUCTEME.
30% mno pammycy sammMaer auapo, sareMm g0 70% pagmyca IpOCTHpaeTcs BHYTPEHHUI CJIOi
¢ maoraocThio 3000 Kr/ M>, a JaJIbllle HaXOMUTCsS BHEITHUI CJIOM cO cpefHeil MI0THOCTHIO BCETO
600 kr/m3. 3-3a KASKCHI Ha CTpaHMIE SHIMKJIONEIMU Bacs He cMOr pa3o0paTh ILIOTHOCTD



daJ1pa, HO paccuuTaTh €e OH CMOI: B SHITUKJIOIEIUU IOBOPUJIOCH, YTO CPEJIHSS IJIOTHOCTH Beeit
mnaneTsl pasHa 1530 kr/m3. Yemy ke paBHa IJIOTHOCTD s/Ipa ILJIaHETh?

Penrenne:

Barmuiem BbIpakeHue Jjis Macchl maneTsl. [lycrs R — pajuyc miaHeTsl, p1, P2, p3 — IJIOTHOCTA
CJI0EB OT sJIpa K Kparo, TOTJa CJIe/IyeT CJOXKHUTh MACCy s/Ipa U MAaCChI CJI0€B, 00beMbI KOTOPBIX
MOKHO BBIYHCJIATDH KaK PA3HOCTH OOHEMOB IAPOB:
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M = §7r(0.3R)3p1 +37 ((0.7R)*> — (0.3R)*) ps + 37 (R* = (0.7R)?) ps .
C JAPYroil CTOPOHBI, MaCcCy MOXKHO BbIPA3UTh 4Yepe3 IIOJIHbIN 00beM M CPEJHIOI ILJIOTHOCTD:
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M = 57733;3.

[Tocie mpupaBHUBAHUSA BBIPAXKEHUI M COKPAIIECHUS, ITOJTyIUM PaBEHCTBO
p=03p + (0.7 = 0.3%) po + (1 = 0.7%)ps..
B 9TOM ypaBHEHUU HaM M3BCECTHLI BCE BEJIMYMHbI, KpOME ,012
1530 = 2.7 - 1072 p; + 0.316 - 3000 + 0.657 - 600.

p1 = 6960 K /M

A.B.Becenosa

B omnom u3 smumzom0B cepuana «Beabmaky ynomumuaercs «lIpokiastue Héprnoro CostHiay,
I0J1 JIeiCTBUE KOTOPOT'O IIONAJN JIEBYIIKU, POJMBIINAECS BO BPEMs IIOJIHOTO COJTHEYHOI'O
zarMmenns. OneHnTe, CKOJIBKO JIH0JIeil Ha 3eM/ie MOIJIO ObI IIOIACTD 101 JIeiCTBIE aHAJIOTTIHOIO
«IPOKJIATHSI» 3a OaHO 3armenne. CunraiiTe, 9TO MNPOKJIATHE <«PabOTaeT», IOKA IIOJHOE
COJIHEYHOE 3aTMeHne HabJIIoAaeTcss XOoTs: Obl B OJHOI Touke Ha 3emiie. VI3BecTHO, YTO 3a o
Ha 3eMJie poXKIaeTcsa 0KoJ10 160 MU/IIMOHOB JIeTEi.

Penienne:

Paccrosinme or Commnna 10 cucrembl «3emyisg—/lyHay TOCTATOYHO BEJUKO, W MBI MOXKEM
CYNTaTh, YTO B TedeHHWe 3arTMeHus JIyHa ocBemaercd NapaslIeJIbHBIM ITyYKOM COJTHETHBIX
Jydeir. MakcuMaIbHO BO3MOXKHOE BpeMsl 3aTMEHUs JIOCTUTaeTCsd, Koraa TeHb JIyHbl mpoxoant
o jguamerpy 3emsn. 3a 970 Bpems JIyHa mpoxoant 1o opbure JAyry | OTHOCUTEIBHO JIMHUN
«3emiisi—CoutHIie», pUYeM Xop/ia, CTATHBAIONIAA 3TY JyTy, paBHa JuaMeTpy 3emin. Takum
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Tax kak oTHOCHTE/IBLHO JuHUK «3eMyigs—CosHiey JIlyHa JIBUXKeTCs ¢ CHHOJUYIECKUM ITEPHOJIOM,
paBHBIM 29.5 CyTOK, JyTy | OHa HPOIiJIeT 3a BpeMs
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-29.5 cyT. = 3.7 q9acos.

JIomIoTHUTETBHO MOKHO YUIECTh Pa3Mep JIYHHOI TeHU, KOTOPbIi Ha [IOBEPXHOCTU 3E€MJIA MOYKET
nocturath 270 kM. B Takom ciydae t & 3.8 gacos.

Boitee rpybast omenka, cocrosinas B JAeJeHUN IUaMETpa 3eMJIHM Ha OpPOUTAJIBLHYIO CKOPOCTD
JIyner (To ecTh 6e3 yuera npurkenns 3emin BOKpyT CoJTHITA), OKasKeTCsi HEMHOTO 3aHUZKEHHO —
OKOJIO 3.5 JacoB.



CTouT OTMETUTH, YTO BpAINEHHE 3eMJIM BOKDYI CBOEH OCH HHKAaK He BJIHACT Ha OOIILyIO
POJIOJZKUTEIBHOCTh 3aTMEHHsT Ha 3eMiie (B OTIMYHe OT IIPOJOJIZKUTESLHOCTH 3aTMEHHsT
B KOHKPETHO{T TOUKe).

3a Bpems t Ha 3emJie POJIUTCH

3.8
2.0 Taeob 157 - 10° ~ 68 ToIC. HeTeit.
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M. U. Boaobyesa

NzBectHO, TO PPOHT yapHO BOJIHBI, 0Opa30BaBIeiics B pe3ysabTare BCUbIKr CBEepXHOBOM
B OJIHOPOJIHOH ra30BOit cpejie, nMeer cepuieckyo ¢opmy ¢ pagmycoM R, KOTOPBI 3aBUCUT
or Bpemenn t kax R(t) o EY5?/5 tnme E — smeprua B3pbiBa (3HaK o< O3HaYaeT
IPOMOPIMOHAJIBLHOCTR ). Ilycrs nBe CBepxHOBBIE, Haxojsmnmecs Ha paccrosann 300 mK apyr
OT JIpyTa, BCIBIXHY/JIU OJHOBPEMEHHO, NPUYEM OJIHA U3 HUX ObLia B 32 pasa 0ojiee MOITHOM,
gem jpyras. Ha kakom paccrosgauu ot 60siee Motiuaoit CBepxHOBON (PPOHTHI BCTPETATCS !

Pernenue:

N3BecTHO, 9TO 00/1aCTH 3BE371000pa30BaHUS JIOKAJIU3YIOTCS TaM, IJe ITPOUCXOIUT 3aMETHOE
[IOBBIIIEHNE IJIOTHOCTH CPEJIbl. DTO MOXKET OBITh BBI3BAHO KaK (DIYKTYAIUSIMU ILIOTHOCTH
B I'MO, rmak u cueacrBueM Benbimek CBepxHOBBIX. /[leiicTBUTENIBbHO, yHAapHasl BOJIHA,
pacIpocTpaHsdsCch MO ra3y MOBBIMIAET IJIOTHOCTH Iepes cBouM ¢gpontoM. B Mecte, rie jBe
yJlapHble BOJIHBI «CTAJKUBAIOTCA» JIPYT C JPYTrOM MOXKHO OXKHJATh JOCTATOYHO CUJIHHOTO
[TOBBINIEHN IJIOTHOCTH I'a3a M, COOTBETCTBEHHO, BCIBIIIKHI 3Be3/1000pa3oBanus. IToaTtomy mecto
BcTpeun (PPOHTOB B MOMOOHON CUTYAITMH MOYKHO HEIIOCPEICTBEHHO HAOJIIOIATh.

Obs1acTb 3Be3/1000pa30BaHUA

[Iycts D = 300 nk — paccrosinue Mexky CBepxHOBbIME, & Ry u Ry — pajimycbl chepuaecKnx
BOJIH B MOMEHT UX COIPUKOCHOBEHUS ¢, 0Opa3oBaBIIuxcs OT B3pbIBOB. llycTh Fy n Fy — sneprug
B3pbIBOB 5TuX CBEPXHOBBIX COOTBETCTBEHHO, W, /IS onpejenennoctn, Fy = 32F;. Torma:
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31ech BBesieH KOM@UIMEHT TPOMOPIMOHATIBHOCTH K, KOTOPbI OY/IeT CIUTATHCS OMHAKOBBIM
qutst obenx CepxuoBbIX. [lomyaaem:
1/5 1/5 1/5
kE°D E/®D E/"D D D

R, = RE11/5t2/5 _ _ _ _ _Z
KBS+ B B+ B B 4 (2B 1432 3




aorcioa Ry = %D. Takum obpazoMm, Berpedy (DPOHTOB U BCIBIIIKY 3BE31000pa30BaAHUA CACTyeT
OXKHJIATH Ha OTpe3Ke, coeaunsitoneM obe CBepxHoBhIe, Ha paccTroganu 200 K oT OoJiee MOITHO
CBepxXHOBOIA.

B.B.I'puzopves

B camom BbicOKOM 3januum mMupa — nebockpebe «Bypmxk-Xamudas B [ydae — mHa BbBICOTE
442 M pacrioyiozKeH caMblil BBICOTHBIN pecTopan Mupa. [[ockobKy 3T0 MycyibMaHCKas cTpaHa,
B pPecTOpaHe THIATEJbHO COOIOMAeTCs 3allpeT IMPUHUMATH UMY MeKJy BOCXOIOM H 3aX0/I0M
Comaia Bo Bpems Mecsra Pamagan. OneHute MakCUMaJjbHO BO3MOXKHYIO Da3HUILY MEXK]Ly
IIPOJIOIZKUTETHLHOCTHIO JTHEBHOTO IIOCTa Ha YPOBHE MOps U B pectopaHe B «Bypik-Xamudes,
ecyi u3BecTHO, 4To JlyOait pacnosioxken Ha 25° ceBepHOI MUPOTHI.

Peinenue:

13-3a TOro, 4T0 MyCYJbMAHCKUI KaJeHJIapb — YUCTO JIYHHBIH (M IPOJIOJIKUTENLHOCTD TO/Ia
MEHBIIIE TIPOJIOJIZKUTEIbHOCTH T'0/a, B TPUTOPUAHCKOM KajieHape Ha 11 cyTok), mecsit Pamajian
MOXKET IIOIacTh Ha JiIo0o#l KaJieHJapHbI ce30H roga. [losromy HauneM ¢ perreHust 6o0jee
YACTHOH 3a/1a4M: BBIACHUM, KAKUM OyJIeT OTBET B JTHU PABHOJIEHCTBUIA.

OrnpesieiuMm moHMKEHNE TOpu3oHTa f 1pu HAOJIIOEHUN ¢ BBICOTBI h = 442 M, 3Has pajuyc
Semimn Rg ~ 6400 kM.

MozkHo 3aMETUTDb, 9YTO IIOHMH2KEHHUE I'OPU30HTa COBIIada€T C HEHTPaJIbHBIM YIVIOM Ha PUCYHKE,

II03TOMY COS ) = Rgf_h. [Ipeobpaszyem mpaByio 4acTh paBEHCTBA
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U, 3Hasd, 9TO JIjIs Majoro yria cosf &~ 1 — 62 /2, zanumem
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yroz 6 mpu sTom OyJier BbIpazkeH B pajuanax. [logcraBus uuncia, moayqanm 0 ~ 1/80 paauana,
T.e. ipuMmepHO 0°.7.

Jlastee yuarem, 9TO JI€JI0 MPOUCXOIUT Ha IMHpoTe 25°, Mo3TOMY cyTodHas mnapasuienb CosHia
He MEePHeHINKYIIpHa TOPU30HTY U cocTaBiisgeT ¢ HUM yroa 90° — 25° = 65°. Ecan o BbIcoTe
Courity HaJ10 1peojiosieTh paccroguue 0°.7, To mo cyrounoit napasienu 0°.7/sin 65°. Onenum
sin 65° ~ ‘/73 ~ (0.9, Torma paccTosiHWe IO CYTOYHON IapaJsiiein OKa3biBaeTcs paBHBIM (°.8.
Ocrajsioch He 3a0bITh, 9TO 3MdeKT HaJ0 ydecTb JBa pasa — JJid 3aKaTa U JId BOCXOJIA
CoJiHIla. — 1IO3TOMY HaM HAJIO BBISICHUTH, 38 Kakoe BpeMs CoOJIHIE MPOXOJUT 10 CYTOIHOM
napajutesin 1°.6. BeroMHUB cTaHmapTHOE COOTHOIIEHWE eMHUIL Jyru U Bpemenu (1° = 4™),
[oJIydaeM, 9TO Pas3HUIla coCcTaBjsieT 6 MUHYT.



Tenepb mapaiiTe 3ayMaeMcsd, CICIyeT JIA HAM €IIe YTO-HUOYAb YYUTLIBATL. IIPOTSZKEHHOCTD
nucka CoJHIla HeCyIIecTBeHHA: BCE Te K€ PACCYZKICHUST MOXKHO IPOBOIUTE JJIl BEPXHEro Kpas
JIUCKa. YdeT pedpakiii He HYKeH, Jla U 3aTPY/IHEH: ¢ OJHOW CTOPOHBI, MOYKHO CYUTATh, UTO
pedpaxiusi TPUMEPHO MOCTOsTHHA (M TOTJIAa HA pPashocmu MOMEHTOB Bocxoja,/3axoma CosHia
Ha ypOBHE MOpsl M B pECTopaHe Ha Oalllie OHa HEe CKayKeTCsl), ¢ JAPYroii — J0CTATOYHO
TOYHAA MOJIEJb <«IIOAIOPU30HTHOI» pedpakinl B YKA3aHHLIX YCJIOBHAX 3aBEJIOMO BBIXOIUT
3a PaMKM HAIMX BO3MOXKHOCTEH NpU peleHuu 3aja4du Bo Bpems Typa. OJIHAKO M0JIE3HO
BCIIOMHUTDb, YTO IIPUTI'OPU3OHTHAaAA pe(bpaKLH/IH BeCbMa CYHI€CCTBEHHO 3aBUCHUT OT JJaBJICHHA
U TeMIepaTypbl BO3Myxa (M MOXKET JOCTHIaTh BEJWYUH 00JIee I'Payca), UTO O3HATAET,
YTO MOJIYYeHHYIO HaMH OLEHKY OECCMBICJIeHHO y/IydllaTh. B 9acTHOCTH, IIOCKOJILKY JeJI0
IIPOUCXOIUT B IPUIKBATOPHAJIBLHOI 30He, HET CMBIC/Ia PACCMATPUBATEL PA3JIMIHBIC CE30HbBI I'OJIA,
HA, Pe3YJILTAT 3TO OOCTOATEILCTBO MOBIUSCT c1abee, 9eM BO3MOXKHOE H3MEHEHUE TeMIePaTyPhl
BO3/yxa (M COOTBETCTBYIOIIEe M3MeHeHre pedpakiui) pu Bocxoje/3axone CostHia.

M.B.Kocmuna, I1.A. Taparanos
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