XXI Cankt-IleTepOyprckas 2014

ACTPOHOMMYECKasA OJIMMIINA A 15
TEOpEeTUYeCKUil Typ, pelleHus despais
10 xnacc

1. ABromaruuecKast MeXKILJIaHeTHasI CTAHIMsI Maccoil 3 TOHHBI obparmaercs Bokpyr CosHna 1mo
opbute ¢ 60JIBINOI TTOJIyOChIO 2 a.e. n skcieHTpucuTeroM 0.4. B adenmuun opoutsl B pe3ysibrare
KPaTKOBPEMEHHOT'O BKJIFOUEHHUsI JBUTaTe /el CTaHInK ObLI IIepeiaH J00aBOIHBIN UMITYIbC B TOM
JKe HallpaBJIEeHUU, B KOTOPOM CTaHIIASA JIBUTAJACh B 9TOT MOMEHT. depe3 IATh MecsIeB MOoCIe
9TOr0 COOBITHSI CTAHINsS HAXOIMJIach Ha TOM ke paccrogamu orT COJHIa, 9YTO M B MOMEHT
BKJIIOUeHUs JiBuraTesieir. Haiijure 100aBOYHBIN UMITY/IHC, KOTOPBIH OBLT IepeaH CTAHIUN.

Permnenue:

N3 Toro drakra, uT0 7100ABOYHBIN UMITYJIbC OBLT TI€PE/IaH B HAIIPABJICHUH JBUXKEHUS, CJIE/IYET,
YTO YBEJIUYUIACH CKOPOCTh CTAaHIU B adenu, a, CJIeJ0OBATeIbHO, 0OJIbINas MOJIyoCh OPOUTHI
1 OpOUTAJILHBIN TIepuo. B 3aBucHMOCTH OT BeJIMYMHBI MIEPEJAHHOTIO UMITYJILCA OpOUTa MOIJIa
U3MEHUTLCA CJIEYIONUM 00pa30M:

I) €CJIN IIOJIY4YHUBIIaAdCA CKOPOCTL OCTaJlaChb MEHbIIE prrOBOﬁ JJId JaHHOI'O pacCCTOoAHUA, TO
HOBaA Op6I/ITa TaK2Ke IIPEJACTaBJ/IAET coboii 3HIIC ¢ a(l)eJII/IeM B 9TOH 2Ke TO4YKe, HO ME€Hb-
UM IKCHEHTPUCUTETOM;]

II) ecou mosyvuBIIasiCss CKOPOCTD CTaJIa CTPOTO PaBHA KPYToBOii JIjisi JAHHOI'O PACCTOSHUS,
TO OpOUTa MPEBPATUIACH B OKPYKHOCTH C PaJINyCOM, PAaBHBIM aeTUHHOMY PACCTOTHUIO
NpezKHel OpOUTHI;

III) ecsm ckopocTh crasa GOJbIlle KPYroBoil, HO MeHbIIe MapaboTMIecKoil, To opbuTa crasa
SJUIATITUYECKO, HO B JIAHHOW TOYKE Y Takoil opOUTHI Oy/IeT Mepuresunii;

IV) u HakoHell, ecjin CKOPOCTh CTajia paBHa WK GOJIbIe TapaboJnIecKoii, To opbuTa craja
napaboJIoit WIu rurepboJIoii ¢ MmepureineM B TOYKE, T/1e ObLI IepeiaH UMITYJIhC.

[Tepuo obpartmenust 1o HOBOT opOuTe DoJIee YeM B JiBa pa3a IPEBBIIIAET D MecsIeB, T.K. OH 00JIb-
e Iepuoja JJjisi CTapoil opOUTHI, KOTOPKIl TouHO OoJibile 1 roga . Takum obpaszoM, cTaHIIHS
OKa3zaJiach Ha TOM 2Ke paccrogaun ot CoJiHIla, YTO U B TOUYKE JIUOO0 adeus, JudO IepUre s
HOBOIT OPOUTHI, Yepe3 BpeMs 3aBe0MO MeHbIIee Jlake IOJOBUHBI IIeproa obpalennsd. JIro0bie
KOHHUYI€ECKHE C€IeHUd, KpOMe OKPY2KHOCTH, O6.Ha,Z[‘aIOT TEM CBOfICTBOM, 9TO y HUX €CTb BbIJICJICH-
Has TOYKa (MJIM TOYKH B CJIydae 3JUINICA), PACCTOSTHHE OT KOTOPBIX JI0 POKYCa MUHUMAJILHO
(MM MEHUMAJIBHO U MaKCUMaJIbHO). Crie/ioBaTe/IbHO CUTYAIMsI, OIMCAHHAS B YCJIOBUM, MOYKET
OBITH TOJILKO B TOM CJIyYae, eCjIu peajusyercd Bapuant I1.

Taxum obpa3oM, mepelaHHbIil CTAHITMN UMITYJIBC JOIOJIHAET €e CKOPOCTD JI0 KPYTOBOil Ha JlaH-
HOM paccTogHuu. VI3BeCcTHO, YTO, €C/IM Uy, — 9TO KPyrobas CKOPOCTh Ha PACCTOAHMHU, PABHOM
paccTognuio B adesinn, ToO CKOPOCThb B aeIni pPaBHa Vg = VUxp, V1 — €, IJle € — SKCHEeHTPUCUTET.
CretoBaTeibHO 100aBOYHAST CKOPOCTD, MIepeaHHas CTAHIINN, PABHA

AV =V, — VA = Uy, — Uip, VI — € =10, (1 = V1 —e).

Paccrosinme B adenun ms HadagbHORl opouTsl pasHo 14 = a(l +e) = 2(1 +0.4) = 2.8 a.e.,
CJIEI0BATETIHHO
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~ 18 km/c.

Orcioma mosydaem

Av=18(1-+v1—-0.4)~ 18-0.2 ~ 3.6 kMm/c.
Tem cambIM JT0O0ABOYIHBIN UMITY/IHC PABEH

Ap=mAv=3-10°-3.6-10% ~ 11106 =
C

OteHnTe MaKCUMAJIBHO BO3BMOXKHOE TajieHne 6J1ecka (B 3BE3/IHBIX BEJMYNHAX) [IPU TPOXOXK e~
HUU BHECOJTHEUHOM IJTAHETHI 110 JINCKY 3BE3JIbI, OKOJIO KOTOPOi oHa obpairaercd. Cuaurarh, 9To
3pe3a noxoxka Ha CoJHIie.

Pemnienne:

OueBnIHO, 9YTO MaKCHMAaJIbHOE TaJjeHne Ojecka Oymer B TOM ciIydae, KOIjia IMPOUCXOIUT IIeH-
TpaJIbHOE ITPOXOK/IEHIEe MAKCUMAJILHO OOJIBINOI 10 TIJIOIAJIH IIJIAHETHI 110 JIUCKY 3Be3/1bl. Kcn
IpeHeOpevb MOTEeMHEHNEM JINCKa 3Be3/Ibl K KPaio M CIUTATh, UTO 3BE3/1a U IJIaHEeTa HAXOIITCS
OT HaC Ha MPAKTUIECKN OJIMHAKOBOM PACCTOSHHUU, TO MOYXKHO 3allNCATh
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Pauyc nianeTbl MOXKHO OIEHUTH MPUMEPHO TakuM obpa3om. Makcumasbuas Macca Tejia, Mpu
KOTOPO#1 OHO eIle 0CTaeTcs IIaHeTol, olleHnBaeTcs npuMepro B 10 macc FOmmrepa. B kagectse
pa3yMHO# OIEHKH IJIOTHOCTH MOXKHO B34Th ILJIOTHOCTH camoro FOmmrepa. Torma pajaunyc Takoit
mIaHeThl Oyer mpuMepHo B 10 A 2 pasa Gosbime pammyca FOmmrepa. Tak xak FOmmrep
o pasmepy B 10 pas menbmre CoJiHita, TO 9Ta IaHeTa OyAeT B 5 pa3 MEHbIIe CBOEH 3BE3IbI.
Torna

1\° In(1—4) ~1/25 1
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m Slg 5 °In10 53 T3~

B npunIumne, MoKHO cjie/iaTh 0oJiee KeCTKYIO OIEHKY paJinyca. B KadecTBe MAKCUMAaJIBHO BO3-
MOXKHOI MaCCHhI IJIAHETHI B JINTepaType 0ObITHO PUBOANTC Besimanna 13 mace FOuurepa. Ecm
erre ¥ MOHU3UTh [JIOTHOCTD IJIAHETHI, HAITPUMeED (1 IPOCTOTHI cyera) j10 miorHoctu CarypHa,
KOTOpa#d B /IBa pa3a MEHbIIIE IIJIOTHOCTHA I’OHI/ITepa, TO MaKCUMaJIbHBII PaanycC IJiaHeTbl MO2KHO
onenuth B 2v/13 ~ 5 pamuycoB FOmurepa, 4ro TONBKO B 2 pasa MeHbie pasgumyca CosHIA.
Torna onenka najenus 6Jiecka OyaeT OOJIbIe:
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=25 (Ig3 —1g4) =2.5(21g2 —1g3) ~ 2.5 (0.6 — 0.5) = 0™.25.

B pesynbraTe cTOJIKHOBEHUs JIBYX 3Be3] INIABHOM ITOCJIE/I0BATEIHLHOCTH, KarK/lash U3 KOTOPBIX
nmesia Maccy, pauyto 2 maccam CoJtHIia, 00pa3oBaiach 3Be3/1a (TaKKe TJIABHOMN [OC/Ie10BaTe b-
HocTn ). Kak oka3asoch, CBETUMOCTH TIOJTY IUBIIECST 3BE3/IbI B TOYHOCTH PABHSIIACH CYMMAapPHOIL
CBETUMOCTH JIBYX CTOJIKHYBIIHXCS 3Be3/. Haiiiure maccy obpazoBaBieiics 3Be3/1bI.



Peuienne:
Kak Hec10:KHO JioralaThCsi, pelieHne 3a/ladi He CBOJIUTCS K YTBEPKJICHUIO, 9TO 2 + 2 = 4.

Jlu1st 3Be3/1 TIABHOI 1TOC/IEIOBATEIHHOCTH MaJIbIX MacC (K KOTOPBIM OTHOCSTCSI ¥ UCXOJHBIE, 1
HOJTY YUBIIASICS 3BE3/[bI) CIIPABEJINBO CJISIYTOIee MPUOJIMKEHHOE COOTHOIIIEHUE MEXK LY MacCoil
U CBETUMOCTBIO:

L o< MM,

[TosToMy, ectm Macca KazKJioi W3 MCXOMHBIX 3Be3J paBHa My, a cBeruMocTb — Lo, TO Macca
[IOJIYy YUBIIEHCA 3B€3/bl

L
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Ocrasiiascd 4acTb MacCChl NCXOIHbIX 3BE€3J[ IIPpU CTOJIKHOBEHHUHU JIOJI2ZKHA ObLIA paccedaATbCd B
IIPOCTPAHCTBE U B UTOI'OBYIO 3BC3/1y HE IIOIIaCTb.

Onennre, Ha CKOJIBKO 3BE3/IHBIX BEJIUUMH OTINIAETCS MAKCHMAJIbHO M MUHMNMAJIBLHO BO3MOXK-
HbII Osteck MepKypust, HaXOAAMErocss B MaKCUMAaJIbHON 3/I0HTaIllii. DKCIEHTPUCUTET OPOUTHI
Mepkypus pasen 0.2, 6osbias 1mojiyoch opoutsl — 0.4 a.e.

Pernenune:

dcno, aro 61eck MepKypusi 3aBUCHT Kak OT paccTosiaust oT Hero 70 COJHIA, TaK W OT pac-
CTOSTHUSI OT HETO JI0 3eMJIN, a TOTHee OT MPOM3BeIeHNs X 0OpATHBIX KBaIpaToB. B mpuHImie
ellle eCTb 3aBUCUMOCTD OT (ha3bl, HO eC/iM MbI paccMaTpuBaeM MepKypuii B adesny nin nepu-
reJIMK ero OPOUTHI, TO B 3TUX TOYKAX KacaTeJbHas K SJIIUICY OPOUTHI, IIPOBEJIEHHAS OT 3eMJIN,
HEPHEHIUKY/ISIPHA paJinyc-BeKTopy Mepkypus, a 3uadut ¢daza B 000UX ITUX CJIydasx OyJer
pasua 0.5. J[y1s1 TOro, 9To0bI NCKIIOYUTH (pa30BbIi 3hdeKT, a TaKKe M30€KaTh PeIlleHns OYeHb
CJIOZKHON MATEeMaTUYEeCKM 3aJ[a9i MUHUMH3AIUA U MAKCUMHU3AIUUA TPOU3BEJIEHUS OOPATHBIX
KBa/IPATOB PACCTOAHUII, pACCMOTPUM Pa3HOCTH 3BE3/IHBIX BeTmInH Mepkypus B adenniinoit u
HePUreJIMAHON MaKCUMAJIbHON 9JIOHTAIIAN.

O6oznaunMm r;; — paccrosgaue or Mepkypus g0 CoJiHIIa B MEPUTETUN €TI0 OPOUTHI, 7'y — pac-
crosinne B adenun, a — GOJIBIIYIO OJIyoCch OpOUTHl MepKypusi, € — ee 9KcIeHTpucuTer. Toraa
rg=a(l —e)~03ae,rs=a(l+e)~0.5ae.,a
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Ha zanainom mobepezkbe Adpukn He O9€Hb JAJIEKO JIPYT OT JIpyTa HAXO/IATCs JiBa ropoja: JIub-
peBuib (reorpadutdeckne koopauHater 0°24" c.imr. n 9°28' B.1.) u Bara (1°51" c.r. m 9°45 B.1.).
B kaxwme npumepno juu roga 3axo CoJiHIa B HUX ITPOUCXOIUT OJHOBPEMEHHO?

Pentenne:

B nnu paBaosgencTBuii 6016101 KPYT Ha 3eMite, SBJSIONUICA JUHUEH pa3jiesia cBeTa U ThbMbI, —
TaK Ha3bIBAEMbINl TEPMUHATOP — PAaCIOJIaraeTcs HePHeHIUKYIIPHO KBaTOpy 3emun. B mau
COJTHIIECTOSTHUIT — 101 yrytoM 23°.5 K CBOeMY DABHOJICHCTBEHHOMY IOJIOZKEHUIO ( T.€. TIePIIeH 1~
KyJISIpy K 9KBATOPY) 110 Pa3HbIe CTOPOHBI OT HEro, KacasiCh B JIBYX ITPOTHBOIOJIOKHBIX TOUYKAX
CEBEPHOTO ¥ I0XKHOTO TOJISIPHBIX KPYroB. IIpu 9TOM B JIeHb JIETHETO COJIHIIECTOSIHUS (T.€. OKO-
JIO 22 UroJis) TEPMUHATOP HAKJIOHEH TaKUM OOPa30M, UTO OCTABJISAET IIOJHOCTHIO OCBEIIEHHOMN
CEBEPHYIO TOJIAPHYIO 00JIACTb, & B JIEHb 3UMHEr0 — I0KHYI0 (cM. puc. 1). B apyrue guu roga
TEPMUHATOD 3aHUMAET CPeHee MOJIOKEHNEe MEXKJIy STHUMU JIByMs KPAHUMU W yTroJI HAKJIOHA
TEepMUHATOPA K HMEPIeHIUKY/IIPY K 9KBATOPY PaBeH 110 MO0 CKIoHeHN0 COJTHIIA B MCKOMBII
JIeHb.

st Toro, arobsl 3akat CoTHITA TTPOXOIMT B ABYX TOUKAX 3eMJIU OJJHOBPEMEHHO, HEOOXOINMO,
4TOOBI OHU B JIAHHBIH JIeHb pacloJiarajnch Ha 3aKaTHOM 1ojioBuHe TepMuHaropa. Paccmorpum,
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KaK PACIOJIOZKEHBI TOPO/Ia U3 YCJIOBUS OTHOCUTEHLHO JIMHUU, IEPIEHIUKYJIAPHON 3KBATODY,
T.e. Mepuauana (cm. puc. 2). TepmunaTop B MCXOJHBIE JHU T0J@ OTMEYEH YKUPHOIl JIMHUEI,
npoxojidmieil yepe3 Touku JI m B, m HaKJIOHEH TIOM YIJIOM 7 K Mepujuany. 1ak KakK ropoja
PACIIOJIOYKEeHBI OY€HDb OJIM3KO, MOYKHO ITpeHebpedb ¢PePUIHOCTHIO 3eMIH U JJI HAXOMKIEHUST 7Y
[10J1b30BaTbhCA €BKJINJIOBON IreOMeTpUeii:
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Taxum 06pa30M, B HICKOMBIE JIHM 3aKATHDBIN TEPMUHATOP OTKJIOHEH K BOCTOKY OT MEPUJIMAHa Ha
yroJt nopsiika 11°. CrietoBaTeIbHO, /1610 TPOUCXOIUT MEK/Iy BECEHHUM W OCEHHUM pPaBHO/IEH-
crBusimu (cM. puc. 1), T.e. ckitonenne CosHIA 0 B 9TH JIHU TIOJIOKUTETHHO U PABHO TIPUMEDHO
11°.

Ecian B3gaTh 3a TOUKY oTcueTa JgHEN B IOy JaTy BECEHHEro PaBHOJAEHCTBUS, TO U3MEHEHUe
ckaonennsi CoOTHITA ¢ HOMEPOM JTHSI TO/1a MOYKHO AIMTPOKCUMIPOBATH CJIEIYIOIIIM 00pa30M:

de = € -sind,

rje € /&~ 23°.5 — yroJi HaKJIOHa SKJUITUKKA K 9KBATOPY 3eMjid, a d — yroJi B I'Pajlycax, PaBHbI
10 abCOJIIOTHO BeJIMYMHE HOMEpY JHs (T.K. KOJUIECTBO I'PAJyCOB B IMOJIHON OKPYKHOCTH U
KOJIMYECTBO JIHEH B TOJy MPAKTUIECKH PABHBI).

Orcro/ta HaxXo MM HOMepa HYZKHBIX JTHe:



) 11

RPNy 0.5,

€ 23.5

orkyna d = 30 wm d = 150. Takum obpazom, 3axoj CoJiHIIA B 9THX IOpojiax ITPOUCXONUT
OJIHOBPEMEHHO ITPUMEPHO Yepe3 MeCsII] OC/e€ BECEHHEI0 PaBHOICHCTBUS U IIPUMEPHO 38 MECHI],

JI0 OCeHHero, T.e. 0kosio 20 amnpesig u 22 aBrycra.
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