XXVI Cankr-Ilerepbyprckas 2019

aCTpoHOMMNYECKasAd OJIMMIINaJda 3
TEOpEeTUYeCKUil Typ, pelleHus] dbespasis
10 xnacc

1. B MOMeHT KazKJI0ro IpOTHBOCTOSIHUST ACTEPORIa 3eMHON HAOII0AaTe/ b U3MEPSET €ro BIUINMYIO
3Be3HyI0 Beqaumunny. [lepuoa obpamenns acrepouga paseH 3.9 roga. OuneHuTe 3KCIEHTPUCH-
TEeT ero OPOUTHI, €C/IN AMILIUTY/ 18 W3MEHEHUs] BUJIMMON 3BE3/IHON BeJIMIMHBI cOCTaB/isieT 2.5,
Opbuty 3emn cauTaeM KPYTrOBOiA.

Pemenne (8 6asu1oB):

N3 Ttperbero 3akona Kerrepa B nmpumenennn k CoJIHEYHOI cucTeMe OIEHHM OOJIBIIYIO IT0-
JIyoch opOuTHI actepoujia. Bocmosib3yeMcs cUCTEMOl eIuHUI, U3MepPEHus, B KOTOpOil Oyiem

BbIpazKaTb PAaCCTOAHUA B aCTPOHOMHUYECKUX €IMHUIAX, a BpEMAd — B I'OJaXx, TOI'da T2 == (13,

a="T2%3=1521 ~ 25 a.e.

[To dbopmyite TTorcona omeHnM, BO CKOJIBKO Pa3 MEHSIETCsI OCBEIIEHHOCTh, CO3/aBaeMasi acTepo-
HUJIOM JIJTst HaOJIfo1aTes s Ha 3eMile:
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OcBeleHHOCTh B JIAHHOM CJIydae 3aBUCUT HE TOJILKO OT paccrosiHus acrepouyga or CoHIa,
HO U OT PACCTOSTHUSA MEXK Ty HaOJIoaTesieM u acreponioM. 1lycTs e — skcrenTpucuTer opouThb
acreponjia, R — ero pajmyc. Torma ocBeneHHOCTH, CO3/aBaeMble aCTEPOUJIOM B MEPUTE/TUA 1
adesu opOUTHI /I 3eMHOI'0 HAOJII01aTeIsl, PABHBI
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[Ipu BbIpakeHUN PacCTOAHUN B ACTPOHOMHYECKUX €JIMHUIAX (g = 1, TOTJIA
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B urore nosydaercst KBaJpaTHoe ypaBHEHME HA SKCIIEHTPUCUTET:
¢%a (1 - \/10) te(2a—1) (1 + \/10) t(a—1) (1 - \/10) —0.

Ero guciienHoe perieHre CHJIbHO YIPOCTUTCS (M IPU 9TOM OTBeT ¢J1ab0 M3MEHUTCS ), €CJIU Mbl
yaren, ato /10 ~ 3. Tor/a, MoACTaBIsIs TNCIA, TTOIyYaeM, 9T0 TPeOYETCs PElNTh yPaBHeHIe
5¢2 — 16e + 3 = 0, xopuu Kotoporo e; = 0.2, e; = 3. ['eoMeTpUUCCKN OCMBICICHHBLIM SIBJISCTCS
TOJIBKO IE€PBLIl KOPEHb, 3TO U €CTh OTBET 33/1a49u. OTMETUM, YTO «9eCTHOE» YUCICHHOE PEellleHne
(6e3 Kakux-160 OKpyryIernii) gact orser 0.20818 ..., 9TO MATIO OTIMYIACTCSA OT MOJIYIEHHOTO
HaMU.



2.

B 2013 rogy AMC Voyager 1 3anmcasia «3ByKH KOCMOCa» — MarHUTO3BYKOBBIE BOJIHDI B ILTa3Me,
JacToTa KOTOPBIX OKa3ajach paBHOi nmpumepHo 2-3 KI'm. Cumrasi, 9T0 ¢ Takoil »Ke IacTOTO
MEHSIJIOCH JlaBjieHne ra3a B okpectanoctTu AMC, oneHnTe HanMeHbIIe BO3MOXKHBIE XapaKTepHbIe
pasmepbl 00J1acTeil MOBBIIIEHHON IIJIOTHOCTH B ra3e, B KOTOPOM HAXO/IU/IACh CTAHITUS.

Pemntenue (8 6as10B):

Nzmenenne jgasienns rasa psigom ¢ AMC MoXKeT Mporcxo/inTh KaK M3-3a TPOXOKICHIs BOJTH B
rase, B KOTOPOM JIBUZKETCs allllapaT, TaK U IIPOCTO MU3-3a Ieperia/ia IJI0OTHOCTeH ra3a, B KOTOPOM
npoucxouT JsiBuzkenue. [lepBag mHTepmpeTanusa «3BYKOB KOCMOCa» HE MO3BOJIFET IMOJTYyYUTH
HUCKOMYIO OIIEHKY, IIOCKOJIbKY BOJIHBI MOI'YT PACIPOCTPaHSATHCS U BO B CPEJIHEM OJHOPOJIHOM
cpejie, a BoT mnpenosoxkenne, uro AMC mpocTo «cTagKuBaeTcs» ¢ 00JIACTAMU TTOBBIIEHHON
IJIOTHOCTH, TI03BOJIIET BBIYUCIUTHL Pe3yJbTaT. B camom Jiejle, U3 yCJIOBUSA CJIEYyeT, YTO II0-
JIOOHBIE CTOJIKHOBEHUSI MTPOUCXOJISIT HECKOJBKO THICSY Pa3 B CeKyH/y. Ammapar JBUKETCsT CO
ckopocTbio nopajika 101 kM /c (Hac mHTEpecyeT ToIbKO MOPSIKOBas TOYHOCTD, HOITOMY TaKOil
OIEHKOI CKOPOCTHU BIIOJIHE MOYKHO OIDAHHIUTHCS), CJEOBATEIBHO, MEXKIY JBYMsI MOCJIEI0Ba-
TEJIbHBIMM CTOJIKHOBEHUAMU OH IIPOJIETACT PAcCTOAHUE INOpdJIKa IITYK METPOB, U 3TO U €CTh
HCKOMasl OIEHKA. 3aMeTHM, YTO BO3MOXKHBIM JIBUXKEHHeM rasa orHocureabuo CosHia (mpu-
BOJIAIIMM K TIONpaBKe, aHajornduoil scddekry [lomrmiepa) jjist mOpsIKOBOil OMEHKU MOXKHO
npenedpevYb — XapaKTepHbIe CKOPOCTHU JIBUKEHUS r'a3a CPABHUMBI CO CKOPOCTBIO JIBUKEHUS
AMC, Tem caMbIM TOPSIIKOBas OIEHKA Pe3y/IbTaTa He N3MEHUTCS.

JlokaxkuTe, 9TO MPOEKINs TpaekTopun jBuxkenns JIyuol ornocurenbuno CotHITA HA TJIOCKOCTD
3KJIMIITUKHA HE UMeEET caMOllepecedeHUl U Be3/le BBIITYKJIAa HADYZKY.

Pemtenne (8 6asioB):

[Torrpobyem paccyzkaaTh OT MPOTUBHOTO. Ec/m TpaeKTopus MMeeT caMollepecedeHus, T.e. Bbl-
IJISIUT KaK-TO IIPUMEPHO TaK:

TO 9TO O3HAYAET, UTO CYIIECTBYIOT yUACTKU (HAIPHUMED, [TOCEPEIMHE «IETEIEK» ), KOIJIa CKO-
pocth JIyHBI HalpaB/ieHa B 0OPATHYIO CTOPOHY 110 CPAaBHEHUIO C OCHOBHBIM YYaCTKOM TPAeKTO-
pun. Kakum o6pazom MoKeT BOBHUKHYTDH MOJ00HAST CUTyaIs !

Kaxk usBectro, Semitst nuzkercs: BOKpYT CoJHIIA €O CKOPOCTHIO 0K0JI0 30 KM /¢ (ecin 910 Hens-
BECTHO, TO OPOUTAIBHYIO CKOPOCTB JIEFKO BBIYHC/IUTD, 3HAA IPOJIOJIZKUTEILHOCTD [OJ[a, W PAJIILYC
opbuTsl 3emin). JlyHa OTHOCHTELHO 3eMJIN JIBUKETCS CO CKOPOCTBIO OKOJIO 1 KM/C (4TO Tak-
7K€ MOXKHO BBIMHC/IUTD, 3Has paccrosguue j1o JIyHBI U IPOJ0KUTEIBHOCTH Mecsra). [lockorn-
Ky ckopocTb JIyabr orHOCHTE/IbHO COJTHIIA — BEKTOPHASI CyMMa, JIBYX YKA3aHHBIX, OUCBUJIHO,
YUTO ee HAIIPaBJIEHNE TPAKTUIECKN He MeHsieTcs, JIyHa nBukercs BOKpyT CoJiHIIa TO 9y Th ObICT-
pee, TO 9yTb MeJIJIeHHee, HO HUKOT/Ia He HauMHAEeT IBUraThCA 0OOPATHO, a 9TO O3HAYAET, ITO HAIIe
HCXOJTHOE IIPEJIIIOJIOZKEHIE JIOZKHO.

AnajlorugabIM 00pa30M JOKazkKeM W BTOPOe yTBep:KJieHne. YCKOopeHwue, JeiicTByomniee Ha JIyHy
B HEKOTOPOW TOYKE ee TPAeKTOPHUHU, MOYKHO pPa3jIOo:KUTh Ha JIBe KOMIIOHEHTHI — KaCaTeJIbHYIO
(oTBevAIOIYI0 332 M3MEHEHUEe MOJLYJIs CKOPOCTH) M HOPMAJIBHYIO (MEPIEHIUKY/ISIPHYIO K BEK-
TOPY CKOPOCTH ¥ OTBEYAIOIYI0 3a ero moBopot). Ecau tpaekropust JIyHbI rjie-1ub0 BBITYK/IA
BHYTPb (T.e. B cropony CoJIHIIA), TO 9TO 03HAYAET, YTO B ITOM MeCTe HOpMaJibHas KOMIIOHEHTA,
yckopenns HampasiaeHa ot Cosria. [lockosbKy aBuzkerue JIyHBI omnpeesisieTcst CUIaMu T'pa-
BUTAIMK CO cTOPOoHBI 3emn u CosIHIA, MOJIydaeM, UTO B 1MO00HO0# curyarun JlyHa jgosmkHa
HaXOMUThCA Ie-To Mexkay 3emseit m CosiHieM, TpudeM 3eMJis JIO/KHA TpUTATHBATL JIyHy
K cebe cunbhee, dem CoJtHIE.



Ocrayiock OO BCIIOMHUTH KaK U3BECTHBIN (haKT, JTHOO BHIYUCIUTD, ITO CHJIA TPUTIKeHust JIy-
ubl COJIHIIEM TIPHMEPHO B JIBa pa3a 0OJIbIlle, YeM CUjia TPUTSKEeHUs ee ke 3emiieil (mpudaem
opbuta JIyHbl BOKPYr 3eMJIu, XOTs U He SBJIIeTCA OKPY2KHOCTBIO, He HACTOJLKO BBITAHYTA, YTO-
6bI 9TO COOTHOIIIEHUE MOTJIO KaIeCTBEHHO U3MEHUTHCS ), & 9TO O3HAYAET, YTO U MPEJIIOJIOKEHIE
O BBIIIYKJIOCTU TPACKTOPUU BHYTPDb IPUBOJUT K ITPOTUBOPEUHIO.

3Be3/10J1eT ToIeTeT K 3Be3/1e TJIABHOM I0C/IeI0BATEILHOCTA U BBINIE/ HAa KPYTOBYIO OPOUTY
¢ paguycom 0.5 a.e. m nepuogom obparenus: 0.25 roga. Ha 3Be3mosere ycraHoBeHa JTOBYIII-
Ka JIJI BellecTBa, cobupalolas YacTUIBI 3BE3IHOrO BeTpa ¢ miomamu 1 Mm% u samacaromas
IX KIHETHIEeCKyTo sHepruio. TakyKe 3Be3/10/1eT ¢ TIOMOIIBIO COTHEYHBIX baTapeil miomaam 2 M2
3amacaeT SHepruio usjaydenus 3se3anl ¢ dddexkrusnocteio 30%. M3sectHo, 4To 3Be31a €xKe-
rojmo tepser 107 cobeTBeHnOil MacChl B BUJIE 3BE3/HOIO BETPA, JIBHUKYIIEIOCA CO CKOPOCTHIO
okoJ1o 4 - 10? kM/c. Bo cko/ibKo pa3 3amacaeMas SHEPrus U3/TyUeHtsl TPEeBOCXOJIUT 3aIlacaeMylo
SHEPI'UIO YaCTHUIl 3BE3THOrO BeTpa?

Pemenne (8 6as10B):

Ompesesium Maccy 3Be3/Ibl 110 3-My 3akoHy Kerniepa, BbIparkas 1mepuoji 0OpallleHus B IOJIax,
pajimyc opoUThl — B aCTPOHOMUYECKUX €JIMHUIIAX, & Maccy 3Be3/bl — B Maccax CoJrHra:
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Torma 3a rox 3Be3fa Tepder 2 - 2 - 1030 . 1071* = 4 . 10' kr cBoero BemiecTsa, a 3a CeKyHIy
4-10%/(3.16-107) = 1.3-10° xr. OnpeieiunM Maccy BellecTBa, KOTopas 3a CeKYHILy HoajaeT B
JioBytiKy. Vcmytennbie 3a 1 CeKyH/Iy 9acTUIII Ha PACCTOSHUN OPOUTHI PACIoaraiTcs B cde-
pHUecKoii 0601019Ke co cpeaHnM pasamycoM 0.5 a.e. n Tommunoi v - 1 ¢ = 400 kM. Torma na 1 M2
3a CEKYH/Iy IPUXOJIUTCA Macca, paBHas

1.3-10° kr

= =1.8-10"" kr.
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Ep = % =18-107".(4-10°)%/2 = 1.4-107% [Ix.

CBeTuMOCTD MIPOIOPINOHAIBRHA Macce B 4 CTeleHu JIJIsi 3Be3]I INIABHOI I0C/IeI0BATEIbHOCTH
¢ Maccoil MopsiJIKa COJTHETHOM, MOITOMY JIaHHas 3Be3a 00/1a/1aeT CBeTUMOCTBIO OKOJIO 16 .
CormocTtaBuM OCBENIEHHOCTD, MOJIy9IaeMyl0 KOCMUYECKIM KopabJieM, ¢ COJTHETHON MOCTOSTHHOMN
T 3eMJIH:
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Besmuuna costHeuHOiT TocTOAHHOMN 0K0J10 1.4-10° Br / M2, CJIeI0BATEIIBHO, OCBEIICHHOCTD OT 3BE3-
Il cocTapster okoso 9 - 104 Br/m2. Crenosaresbho, 3a 1 cekyny ¢ yuerom 3 heKTHBHOCTH
norJionieHns Kopabib moaydaer 9 - 104 -2 - 0.3 = 5.4 - 10* JI)x sHeprum, 4To IPEBOCXOIUT
3amacaemyio sHepruto qactur B 5.4 - 10 /(1.4 - 1073) ~ 4 - 107 pas.

Jlrobureib acrponoMun 0€3 TejlecKola BIIUT Ha Hebe JiBe ApKuX 3Be3/Ibl. [IpukunjibiBas yrio-
BOE PACCTOSHUE MEXK/Y HUME, OH OOHAPYXKWJI, 9TO MEXKJY ITHMH JIBYMS 3BE3/IaMHU HE MOI'YT
IIOMECTUTHCS J€ThIPEe CXKATBIX IMaJjIbIla OJHON BBITAHYTONW pyku. Kpome 9T0r0, n3BecTHO, 9TO
nepBas 3Be3/1a UMeeT MOJYJ/Ib SKJIUINTUIEeCKON MUPOTHI, paBHblil 10°, a a3uMyT 3ax0/1a BTOPOIi
3Be3/1bl B [lerepOypre cocrasisier 160°. Kakas uz srux 38e3 apue? Pedpakiueit npenedbpetn.

Pemenne (8 6as1oB):



[IpeanosiokuM, 4TO pa3 HE MOI'YT HOMECTUTBHCA YeThIpe MaJjblia, TO Tpu — MOTYT. Eciau pac-
CYUTATH YIJIOBOH pasMep TPeX MAJbIEB BBITSHYTON PYKH, TO MOJIYIUTCsT OKOJIO 5°—7° (pyKu y
BCEX HEMHOI'O OTJIMYAIOTCs, HO Ha OTBET 9TO He BJIUSET).

Cy/is 110 SKJIMITUYIECKON MHUPOTE, Mbl KMEEM JIeJI0 CO 3Be3IaMU OJIHOIO 30/IMaKaJHLHOTO CO3BE3-
JIUST WK JABYX COCETHUX: MaKCHMAJIbHOE PACCTOSHIE BTOPOIl 3BE3/bI OT IKJIUITUKH COCTABJISET
He OoJiee 15°.

NudopMmaruio 06 asuMmyTe 3axojia BTOPON 3Be3JbI HCIOJAb3yeM cieayomum obpasom. Ilo-
cTpouM cdepuvueckuii TpeyrojabHUK ¢ BepmuHamu B ceBepHoM Ilosoce Mupa P, 3enure Z
u Touke 3axona 3Be3fpl M. Torma PZ = 90° — ¢ = 30° (mmpora Cankr-Ilerepbypra pas-
Ha @ = 60°); ZM = 90° mak Kak 5TO 3ax0J| 3Be3Jbl, a pedpakiyeii Mbl peHeOperaeM;
/ZPZM = 180° — 160° = 20°; PM = 90° — 65, rye 09 — CKJIOHEHHE BTOPOii 3BE3/IbI.

Z/

SamumreMm chepruaecKyo TeopeMy KOCHHYCOB IS IOy YeHHOTO TPEYroJIbHIKA!
cos PM = cos ZM cos PZ +sin ZM sin PZ cos L PZM

sin & = cos 90° cos 30° + sin 90° sin 30° cos 20°

1 1 2 3)? 1
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[TosrydaeM OIEHKY CKJIOHEHWs BTOPOW 3Be3/bl: 0y < 30°.

Nroro mbr umeem Tpu mosica HebecHO cepbl, B KOTOPBIX 3TU JIBE 3BE3/bl HAXOMIATCH: I10-
gC 1O CKJIOHeHWIO § € [25°;35°] m jBa mosica ¢ SKJIMITHYECKOW muporoit: S € [5°;15°] u
p_ € [—15°% —5°]. laee MOXKHO HAPHUCOBATH ITHU TOSICA WM BCIOMHHUTH UTO ¥ /e IPUMEDPHO
pacrionaraercs. OTCr0/1a CTAHOBUTCS MMOHSTHO, 9TO MOsiC J_ HAC HEe MHTepecyeT, T.K. OH He ITe-
pecekaeTcs ¢ 1mosicom ckJyionennii. lasee 3amernm, 9To 001aCTh TIepecedenns 1 U MOsca CKIIO-
HEHUIl PACIoJIOZKeHa B PailoHe TOYKHU JIETHErO COJIHIIECTOSTHUSA, U OTCIOA CJieJIaeM BBIBOJI, UTO
peub mieT O JABYX 3Be3Jax, MPUHAJJICKAIUX JuOO co3Be3uio Bun3Henos, JmboO CO3BE3IUI0
Temnb1a.

Boobiiie roBopsi, BMECTO IPUBEJIEHHOI'O BBIIIE PACCYKJICHUST MOXKHO HMCIIOJIb30BaTh U JIPYToe,
MeHee cTporoe. [TockobKy 3Be3/1bl HAXOASATCH HEeJIAJeKO JIPYyTr OT Jpyra, a y OJHOW W3 HUX
SKJIUNTUYECKAs] IITUPOTa HE CJMINKOM CHUJIBHO OTJIMYAETCs OT HYJIsl, 3BE€3/Ibl, 110-BUJIUMOMY, OT-
HOCATCH K 30/IMaKaJIbHBIM co3Be3ausaM. Todka 3axoma omHoM u3 HuX B Ilerepbypre Omska
K TOYKe ceBepa (asuMmyT 3axoja 160°), a 910 03HAUAET, YTO CKJIOHEHWE ITOi 3BE3/[bl TOJIOKI-
TeJIbHO U 3aMEeTHO oTamdaercs oT Hysd. CiegoBaTebHO, MCKATH IOAXOJSIINE 3BE3/IbI HAJI0
B CO3BE3/IUAX, HAXOAANMXCA B paliloHe TOYKHU JIETHETO COJTHIIECTOSHUS.



Be sipkue psioM crosiue 3Be3/bl (IOMHUM 1Ipo 5°—7°) ectb Jmiib B Bimsnenax (a Takxke n
nepecevyeHne MoJyIaeTcst BOCTOUYHee TOYKHU JIETHErO COJIHIIECTOSIHNUSA ), 3HAYUT, pedb ujer o Ka-
crope (mepsasi 3Be3jia) u Ilosutykce (Bropas 3Be3sia, B oramune or Kacropa, Kak pas MOXKeT
zaittu B [lerepbypre). [lomtyke — f Gem, u on spue, yem o Gem.

http://school.astro.spbu.ru



