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TeopeTnyeckum Typ

X.4 DASEP CRERAUA 2

1. YcaoBue. VickyccTBeHHBIN CIyTHHUK 3eMJIM oOparaercs Mo KpyroBoil SKBaTOpHAIbHON OopOuTe
Ha BeicoTe 500 KM HaJ MOBEPXHOCTHIO 3€MJIM B HANpaBJICHUU OCEBOro BpamieHus 3emun. Ha Hem
YCTAQHOBJICH MOIIHBIN y3KOHANpPaBJICHHBINA MPOXKEKTOP, BPALIAIOMIUIICS TakK, 4TOObI JepKaTh Ha
Jy4e OINpPEACIICHHYIO TOUKY Ha SKBaTope 3e€MJIM BCEraa, KOrjaa 3TO TOJIbKO BO3MOXHO. Onpenenure
JUINTEIBHOCTh Ka)KJJOTO CEaHCa TAKOTO OCBEILLIEHUS, a TAaKXKE YIJIOBBIE CKOPOCTH IPOKEKTOpPA B
Hayaje W cepeauHe ceaHca. CaM CIyTHHK HE BpallaeTcs BOKPYT CBOEH ocH, aTtMochepHOit
pedpakuueil ¥ NOrJIOEHHEM CBETa, a TAKXKE JIEHCTBHEM Ha CUCTEMY BCEX JIPYTHX TeJ MpeHeOpeyb.

1. Pemenue. 3emis 3aBepiiaeT OJAMH OOOPOT BOKPYT CBOEH OCH 3a OIHH 3BE3JHBIC CYTKHU
Tv=23.9344. CkopOCTh IBUKEHHS TOUKH HKBATOPA 32 CUET BpAIICHUS 3EMJIIU:

u = 2nR/Ty = 0.465 xm/c

(R — sxBaropuanpHblil paguyc 3emnn). CryTHUK oOpalaercs 1o KpyroBoi opOute Ha Bbicote H
HaJl HOBEPXHOCThIO 3eMiin. OnpenenumM ero neproj U opoUTaIbHYI0 CKOPOCTb:

3
T=2nq}M =1.577 yac.
GM
v:4/ M =7.613 km/c.
R+H

3necs M — macca 3emnu. M300pazum 3emiro 1 OpOUTY CIYTHUKA Ha PUCYHKE U OINpENeNIUM ellle
JIB€ HY’KHBIE JUIsl PEIICHUS BETUYHHBI:




3emnga

o
R
u
L
H v
v Ve
CuHOAMYECKHIT TIepUOJ CHOyTHUKA — TMEPUOA MEXAYy €ro MpojieTaMd Hajad OJHOW TOYKOM
MOBEPXHOCTU 3EMIIH:
TT
S=—" —1.688 uac.

0

3a JTOT HEPHOJ yroid O — Pa3HOCTh JOITOT CIYTHHKA M TOYKH IMOBEPXHOCTU — PABHOMEPHO
nu3Mmensiercss Ha 360°. OnpenenuM, IpH KaKOM MaKCUMAJILHOM 110 MOYJIO YIJIE O CITyTHHK MOYET
HAINPaBUTh MPOKEKTOP HA ITY TOUKY:
R
o = arccos——— = 22°
R+H

JImuTenbHOCTh OTHOTO CE€aHCa — ATO BPEMs, 3a KOTOPOE yroy o MeHsiercst oT —22° no +22°. Ona
COCTaBIIsIeT

t=S-20/360°=0.206 yac = 12.4 mMuH.

Ham ocraercss HailiTu yrioBble CKOpOCTH. B cepenuHe ceaHca, Korja TOYkKa 3eMJIM HaXOAUTCS
MPSIMO IO/ CITyTHUKOM, OHA Oy/IeT MMETh YIJIOBYIO CKOPOCTh IPU HAOJIIOJJCHUH CO CITyTHHKA:

v—u

0, = =0.0143 ¢ =0.82°/c.

Takyro yrioByl0 CKOpPOCTh HY)KHO 3a7aTh IMPOKEKTOPY B CEpPEAMHE ceaHca, 4yTOObl OH MOT
HEMpephIBHO OCBEIIATh JAHHYIO TOYKY 3eMiu. B Hauanme u KOHIE ceaHca CKOPOCTh TOUKH 3eMIIH
HarpaBJieHa K CIIyTHUKY WJIM OT HEr0 U Ha yTJIOBYIO CKOPOCTh HE BinseT. KoMmoHeHTa cKopoCcTH
CIYyTHHUKA, IEPIICHIUKYIApHAs HAMpPaBICHUIO Ha TOUKY 3eMJIH, paBHA

ve =vsin o = 2.852 km/c,

a PacCTOSIHUE MEXIY TOUYKOW 3eMIJIM U CITy THUKOM



L=+ (R+H)"—R* = Rtgo.=2575.5 km.

VYTri0Basi CKOPOCTh MPOKEKTOPA JOJHKHA ObITh paBHA

Yo _veosa v oM 27“ ~0.00111 ¢ = 0.063° /.

L R R+H \(R+H)Y

K »ToMy BBIBOIY MOXHO OBLIO MPUNTH W3 MPOCTBHIX PACCYXACHUW: B Hadalle U KOHIIE CeaHca
MIPOKEKTOP JTOJDKEH MPOCTO YAEPKUBATh HAIIPaBJICHUE 0 KAcaTeIbHON K DKBATOPY 3€MIIH, TO €CTh
KOMITEHCUPOBATH YTJIIOBYIO CKOPOCTh JABMKEHUS CITyTHHKA, BPAIIAsACh C TOW ke YIIIOBOW CKOPOCTHIO
B TPOTHUBOIOJOKHOM HampaBlIeHWH. MakcuMallbHasi W MHUHUMAajbHas YIJOBas CKOPOCTH
MIPOXKEKTOPa UMEIOT OJTUH 3HAK.

1. CucTeMa oleHUBAHMA.

Jrtan 1 — 3 6anaa. OnpenesieHue JJINTETbHOCTH CeaHCa CBSA3M.

BoinonHenue npenycmMaTpuBaeT onpeeeHne MaKCUMaJIbHOTO yria o (2 6aiia) 1 CHHOIUYECKOTO
nepuoia Ju00 pa3HUIIbl YIVIOBBIX CKOpOCTEH cryTHHKA M 3eMiu (1 6amn). Tpebyemass TOYHOCTD —
1° mwmu 5%. BmecTo yria o MOXET ONpeAeNsThCS COOTBETCTBYIOIIAS Iyra JJIMHBI OpOuThL. B
cily4ae OMMOKH OIpeNeCHHs JUIMHBI CEaHCa BCICACTBHE HEMPABWIBHOTO 3aJIaHWs HWHTEpBaa
[0..a] BMecTO [—0...0] OIleHKa 3a STam yMeHbInaercs A0 | Oamna, HO MOCIEIYIOIIHUE ATAarlbl
OIICHUBAIOTCS B MOJTHON Mepe. YUaCTHUK OJMMITHAIbI MOKET HCIOJIb30BaTh CPEAHIOI BEIUUMHY
paauyca 3eMiu BMECTO YKBAaTOPHUAIBHOM, YTO HE SBISICTCS OIIMOKOM.

Jrtan 2 — 3 6aana. Onpeaenenue yrjioBoil CKOpOCTH B cepeJUHe HHTepPBaJIa.

BeposiTHasi omm0Ka: yrioBas CKOpPOCTb OINPEEISeTCs Kak pa3sHOCTh YIJIOBBIX CKOpPOCTEH
CIIyTHUKAa W 3eMJIM M OKa3bIBAaeTCA OJIM3KOW K TCOLICHTPUYECKOW YTJIIOBOM CKOPOCTH CITyTHUKA
(0.0012 ¢). B atom ciydae 3a dtan BeicTaBisieTcs: 0 6amioB. Takas ke OIleHKa CTaBUTCS 3a JII000e
3aJlaHue BBIPAXKEHUS ISl YTTIOBOM CKOPOCTH, MPUBEACHHOE K IEHTPY 3EeMIIH.

BeposiTHasi ommOKa: npu pacuere yrJIOBOM CKOPOCTHM HE YUYWTBHIBAETCS BpallleHHE 3€MIIM, YTO
npuBoAuT K BenuuuHe v/H=0.015 pan/c nnu 0.87°/c. Onenka 3a 3Tan yMeHbIaetTcs Ha 1 6ai.

Jrtan 3 — 2 6aana. Onpenenenne yrjioBoil CKOpOCTH B HayaJie M KOHIle HHTepBaJa.

B03M0OHO Kak BBIUMCIIEHHE 3TON YITIOBOM CKOPOCTH, TaK M JIOKa3aTelIbCTBO, YTO OHA COBMAJIET C
YIJOBOM CKOPOCTbIO OpOMTAIbHOTO BpalleHUs CIyTHUKa. [Ipy uucieHHOM oOTBeTe, He
COBIAJIAIOIIEM C YIJIOBOM CKOPOCTHIO BpallleHUs CIyTHHUKA (JOMyCTHMas MOTPELIHOCTb 5%), ATan
PEeICHNA HC 3aCHYUTBIBACTCH.

Bo3moxxHas omu0Ka NpH pelleHNH: YYACTHUK MEPEXOAUT B CUCTEMY OTCUETA, BPAIIAIOILYIOCS C
3emJiieH, BpAlLlEHUE CIIyTHUKA B HEM MPOMCXOAWUT C MEHBUIECH, HO MOCTOSSHHOM CKOpocTho. Takoe
pelIeHre MPOU3BOIUTh MOYKHO, HO HEOOXOAMMO YUYWTHIBaTh, YTO CaM CIYTHUK B 3TOH CUCTEME
orcyera OyJeT Bpalarbcs BOKPYT CBOEH OCH, M NPHU pacyeTe YIJIOBOW CKOPOCTH MPOXKEKTOpa
HE0OXOUMO clielaTh COOTBETCTBYIOLIYIO IOIpaBKy. be3 Hee yrioBas CKOPOCTb MPOKEKTOPA, B
YaCTHOCTH, B Hayaje M KOHIIE CEaHCa OKa)XKeTCS PABHOW HYJIO, a YIVIOBas CKOPOCTb B CEPEIMHE
ceaHca OyJIeT HECKOJIbKO MEHbIIIE MpaBUIbHON. [Ipu TakoM perieHny NepBbIi 3Tal OLIEHUBAETCS B
3aBUCHMOCTH OT IPaBUJIBHOCTH €r0 BBINOJIHEHMs, 32 BTOPOM M TPETHM 3Tal BbICTaBiIsAeTCA 1O 1
Oayuty B Cllydae OTCYTCTBHUS MHBIX OIMTMOOK. MakcuMalbHas OIleHKa 3a BCE pPelIeHne — 5 0asuioB.



CEPIN MANbIA U CEPMN BONbLUOA ¢
IX'2 O.C. Yao0rbHUK08 a

2. Ycaosue. JIyHa u Benepa Bctynuinm Ha HeOe 3eMii B TECHOE COEAMHEHHE, 00€ TPU 3TOM BHJIHBI
KaK TOHKHE cepmbl. ¥ KOro u3 HuxX (a3a Oomblie W BO CKOJIBKO pa3? ATmocdepHbie 3pGheKThI
yBenmyeHus Gpa3pl BeHepsl He yUUTHIBATS.

2. Pemenne. Kak m3BecTHO, (haza chepuyeckoro oObeKTa (0JII OCBEIICHHOW YacTH BHIMMOTO
JIICKA WK, 9TO TOXKE CaMoe, ero JUaMeTpa, MeprueHAUKYIIPHOTO TEPMUHATOPY ) pPaBHA
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Ie ¢ - Yyroia Cc BepIIMHOW B 0OBekTe, oOpa3oBaHHBbIM HampaBieHussMH Ha CosiHIEe M 3eMilo
(dasoserit yrom). Manas ¢a3a MoxeT ObITh y 00BEKTa, pacmnojoxeHHOro mexay ComHieM u
3emuteit. [TonokeHne 3Toro oObEKTa MOKa3aHO HA PUCYHKE.

BeHepa (JlyHa)

3emnsa

ConHue

ITo ycnosuro 3anaun, Benepa u Jlyna pacnonararorcs psaoM Ipyr ¢ APYrOM, TO €CThb MX YIIIOBOE
yaanenne ot ConHIa & oauHaKoBO M HeBenuko. O003HaunM paccrossaue ot ConHia 10 3eMii Kak
R, no Beneps! (unu Jlynsl) kak 7. Toraa u3 TeopeMbl CHHYCOB JIJIs1 pa30BOTO yIila UMEEM:
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Jononnenue yrina ¢ ao 180° - manast BenuuuHa. s TAKMX YIJIOB CIIPABEUINBO:
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daza 00bEeKTa COCTABIIAECT
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F = . —2 .
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Jlia JlyHbI, pacnioOKEHHOW psioM C 3eMJIEH, OTHOLICHHE (R/rM)2 (akTHUeCKu paBHO €IMHHULIE
2

(BOMM3u HOBOMyHHsI 0HO paBHO 1.005), a mius Benepwl oTHomenue (R/ry)” Oonbie enuHUIBL. B

utore, ¢aza Benepsl 6yner 6ombie (as3sl JIyHbI, 1 COOTBETCTBYIOIIEE OTHOILIEHUE COCTABUT:
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Y4yeT KOHEUHOCTH pacCTOsiHUS Mexay 3emiedt u JlyHoW ymeHbmiaer 3Ty BenuuuHy 10 1.90.
[Tocnennee TtecHoe coOmmxenne Jlynst u Benepst B wmanmbix ¢azax (0.0165 u 0.0314
COOTBETCTBEHHO), BUauMoe B EBpomeiickoil yactu Poccun, npousonuio Beuepom 2 siHBapsa 2014
roga. Eme pansbiue, 21 mas 2004 rona, Jlyna B daze 0.05 mokpsiia Benepy B dasze 0.10, sBienue
Ha0J110/1aJ710Ch Ha CBETJIOM BeuepHEM HeOe Ha 3HAUMTENbHOM YacTH Halllel CTPaHBI.

2. Cucrema OICHUBAaHUA. I[J'IS[ pelicHusd 3aJaHud HYXHO BBIIIOJHUTb HECKOJBKO €TI0 OCHOBHBIX
9TallOB, MOCIICAOBATCIBHOCTD KOTOPBIX MOXKCT OBITE HpOI/I3BOHLHOI>’I.

Jrtan 1 - 2 6aaa. Cesa3b pa3bl U (pa30Boro yria.

Kak u3BecTHO, y YacTUYHO OCBEIICHHOTO AWMCKA IJIAHEThl (HE B 3aTMEHUU) BEJIUYHHBI (asbl,
ompezensieMble 4epe3 MOJ0 OCBEIIEHHOTO TuaMeTpa M OCBEIICHHOW IUIOMIaAH, COBMIAAAIoT.
[TosTOMy y4acTHUK MOXKET UCIOJIb30BaTh JI000E ompenesieHrne ¢asbl, YTO HE BIUAET Ha OICHKY.
Drtam 3acYUTHIBACTCS B CIydyae MaTEeMaTHUECKU IMPaBUJIBHON 3alKCH COOTHOILIEHUS. YUYaCTHUK
MOXeT Opath popmyny uist cBsizu (a3el U (Ppa3oBOro yria Kak M3BECTHYIO, HE BBIBOJS €€, 3Tall B
3TOM CJIy4ae TaKKe 3aCUUTHIBACTCS.

[Ipu ommOOYHOM BBINIOJIHEHUU 3Tama (HEBEpHOU (popmyIsie CBsI3M) Tal HE 3aCUUTHIBAETCS.
Opnako, eclii Ha MOCIEAYIOIUX dTanax u3 GopMyIIbl MONTyYaeTCs MPaBUIbHOE MPUOIMHKEHNUE IS
ciydast Manbix a3 (~R/77), TO MOCIICAYIONIAE STAIIBI 3aCUUTHIBAIOTCS. 1IPH HHBIX PHOIKCHISIX
(mampumep, ~R/r) OllEHKa 3a CIEAYIOIIMKA dTalm YyMEHBIIAeTcsd BJBOE, MOCIEIHUN JTam He
3aCUUTHIBACTCA.

Jrtan 2 - 4 0anna. Belpakenue pist pasbl B NPUOJIMKEHUH TOHKOrO cepna (00beKkT BOJIM3H
JIUHUM, coequHsiiomeil Conue u 3emiiio).

B otoM BeIpaxeHHHn HanOoiiee BaKHOW SBISETCS CTENEHb 3aBHCHMOCTH OT COOTHOUIICHHUS
paccrosirmii R/r (sin ¢ ~ R/r, (cos ¢ + 1) ~ R*/r*). B kauectBe (ha3oBOro yria y4acTHHK MOXKET
UCIOJIB30BaTh €ro jgononHeHue 10 180 rpagycoB ¢ cooTBeTCTBYIOLIEH Koppekuuei Gopmyi. Ecnu
YYaCTHHUK IIOJIb3yeTCS HHOW TEPMHUHOIOTMEH M O0003HAUYE€HUSIMH IIPU PEIIEHHH, €ro METOJ
HE00X0IMMO MPOBEPUTH HAa YKa3aHHbIE CBOMCTBA MPONOPLMOHATBLHOCTH. B ciyyae ux BBINOIHEHUS
JTAHHBINA dTan OICHUBACTCS MUHHUMYM B 2 Oayia (eme 2 Oajia - 3a MpaBHIBHOE JTOKA3aTeIhCTBO
MPONOPLMOHATBHOCTH U ee Kod(duuuenTs). Ilpu nMHOM cTenmeHn olleHKa 3a BBIMOJIHEHHUE 3Tara
YMEHBIIAETCS B/IBOE, TOCIEIYIOIINI 3Tall HE 3aCUUTHIBACTCS.

Jrtan 3 - 2 0a/71a. BerunciieHne 0KOHYATeIbHOI0 0TBETA.

3acuyMThIBAETCS TOJBKO B Clyyae MPaBUWJILHOTO OTBETa (C TOYHOCTHIO OTHOMIeHUs a3 1o 10%) npu
MIPaBIWJIBHOM MOCTPOEHUU PELIEHUS. YYaCTHUKU MOTYT Y4€CTh Pa3HOCTh paccTosiHui o ConHua 10
3emuu u JIyHsl, koTopoe u3MeHuT oTBeT ¢ 1.91 1o 1.90, HO HEe MOBIUAET HA OLICHKY.

BepositHasi omnOKa NpU pelieHuH: YYacTHUK OJMMIIMAbl MOXKET MHTEPIPETUPOBAThL YCIOBHE,
kak nonaganue Connna, JIyHer u Benepsl Ha onHy TUHHIO. DTO SBISETCS TPpyOOi OMMOKOM, pu
KOTOPOM MTOroBasi OLIEHKA cOCTaBisgeT 1 Oajl Mpu MOJHOCTHIO BEPHBIX (U1 ONMHUCAHHOTO CIyvast)
BbIYUCIICHHUH 1 () OaJTOB - BO BCEX OCTAIBHBIX CITyYasix.

BeposiTHasi ominMOKa NP pelieHuH: UTOTOBBIA OTBET KAKUM-JIHOO 00pa30M 3aBHCHUT OT JTMHCHHBIX
pa3mepoB Jlynsl wim Benepsbl. K 3TomMy ke ciydaro OTHOCHUTCSI OTBET, B KOTOPBIN panuychl JIyHbI 1
BeHepbl He BXOIAT B SIBHOM BHJ€, HO KOTOPBIM ObI YHCICHHO M3MEHMJICS, €I Obl (hu3nvecKue
pa3mepsl JlyHbl 1 Benepsl Obiiv Obl MHBIMU. Takoe pelieHHe He MOXET ObITh OIEHEHO BhIiie 1
Oanna.

BGPOHTHaH omuoKa Ipu pemieHuM: BMCCTO COOTHOIICHHA (1)33 YYaCTHHUK BBIYUCIIACT
COOTHOHICHUC BUAUMBIX THAMCTPOB .HYHBI u BeHepLI. HTorosas orieHka cocTaBiseT 0 6am10B.



IX/X.3 BHYTPY rARAKTUKY 2

3. YcaoBue. Dmmnruueckas ramaktuka tuna EO (mapooOpasnas ¢opma) Ha 20% mo macce
COCTOMT M3 3Be3[ coyiHeyHoro Tuma U Ha 80% - u3 TeMHONl Matepuu. IlnoTHOCTH 00eux
COCTaBJIAIONIMX IIOCTOSSHHA Ha BceM oObeMe TrajakThku. Hekoropas 3Be3na JBMXKETCS IO
3aMKHYTOH TpAaeKTOPUM BHYTPU TalakTHUKW, HE BbUIETas 3a ee mpenenbl, ¢ nepuogom 100
MHUJUTHOHOB JieT. CKOJIbKO BCETO 3Be3] ObLJI0 ObI BUAHO HEBOOPYKEHHBIM TJIa30M B HEOE 0OMTaeMOit
TUTaHEeTHI, OoOpalaromencss BOKpyr 3ToH 3Be3abl? TecHble COMMKEHHS C OPYyTMMH 3BE3JaMU HE
YUUTBIBATb.

3. Pemenne. Kak m3BecTHO, M c(HEpUUECKOTO OJHOPOJHOTO MACCHBHOTO Te€Jia BBITIOJHSETCS
CBOMCTBO: Ha MaTepUalbHYI0 TOYKY, PACIOJIOKCHHYI0 BHYTPU HEE, ACHCTBYET NPUTSKEHUE BCEX
yacTel Teja, PacIoJIOKEHHBIX OJMXKE K IEHTPY, HEXKEJIM 3Ta TOYKa, a JEHCTBHE BHEITHUX CJIOCB
KoMIieHcupyeTcs. Takum 00pa3om, Ha TENO, PACIIONIOKEHHOE HA PACCTOSHUU 7 OT LIEHTpa, Oyaer
JIEHCTBOBATh YCKOPEHUE TATOTCHHUS

_4nGpr
—

3Hak "—" 03HayaeT, 4YTO YCKOPEHHE HAIPABJICHO K LIEHTPY, IPOTHUBOIIOIOKHO PaIUyCy-BEKTOPY I.
MBI HOTyYHiIN ypaBHEHHE, TIOX0Kee Ha ypaBHEHHE NPYKUHHOTO MasTHUKA, BO3BpAIIAONIas CUIa
KOTOPOTO MPOTHBOIOJOXHA MO 3HAaKy W MPONOPIHOHAJIbHA IO BEJIMYMHE CMEIICHHIO Tpy3a
MASTHMKA OTHOCHTEIHHO PABHOBECHOTO MONONKEHHS: a = —’F, 3/€Ch ® — YaCTOTa KojieGaHHit
MasTHHKa. B TakoM mosne TspkecTH 3Be3ma OyJeT COBepIIaTh ABMKEHUE C MTOCTOSHHBIM MEPHOIIOM,
HE 3aBHUCALIMM OT HAYaJbHOTO MoiyiokeHus. KonebGaHuss MOTyT MpOUCXOAMTh M B JIBYX B3aHMHO-
NEepHEeHINKYIAPHBIX HANpaBlICHUSAX, M TOTAAa 3Be3la OyJeT ONKCHIBATh OSJUIMIC, HO LEHTP
rajakTHky OyneT yxe He B (pokyce, a B ieHTpe 3Toro auumnca. [lepuoxa konebanuii Oyaer paBeH

2n 3
o 4nGp

OTCIOI[a MBI 1T10JIY4a€eM COOTHOIICHUC IJIsA MOJTHOM MIOTHOCTHU raJaKTHUKH:

p = én =1.4-10" kr/m’

T

Yyrem panee, yTo Ha 3Be31bl Npuxoautcs guiib A0as 1M (0.2) oT 3ToH IUIOTHOCTHM M HailaeMm
KOHIIEHTPALIMIO 3B€3]l COJTHEYHOI'O THUIIA B 3TOW T'aJlaKTHKE 71:

pn=nM; =P I 14105 20041 me,
M GMT

3necy M - macca Connia. Omnpenenum, ¢ Kakoro pacctosiHus o ConHile, umeromiee adCoMOTHYIO
3BE3/IHYIO BEJIMUUHY my (+4.7) OyAeT BBINVISIACTh Kak 3Be3/1a ¢ m=+6:

lgr, :%+l; r, =18.2 nk.

HMckoMoe unciio 3Be3/1 €CTh UX YHCIIO BHYTpU C(l)epbl C HaMJIEHHBIM paanycoM:
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3. CucremMa olleHUBaHHUA.

Jrtan 1 - 3 6aysa. YcTaHOBJIEHHE CBSI3H MEKIAY IePHOJIOM BpPALeHHs 3Be3bl H MJIOTHOCTHIO
raJIakTHKHU, onpeiesieHHe MIOTHOCTH.

Y4YacTHUKM MOTYT HUATH MYTEM, OINUCAaHHBIM BBIIE, WU B 3TOM CIy4ae 3Tal MpU YCIOBHUH
MPABIWJIBHOTO BBIMIOJIHEHUS OIIEHUBAETCS MONHOCTHIO (3 Oama). OHU MOTYT HPEINONIOKUTh, YTO
opOuTa 3BE3/bl KPYroBasi U MPOU3BECTH pacyueT MO CTaHIAPTHHIM (popmyam HeOeCHOW MEeXaHUKH,
YUUTBIBAs TOJBKO BHYTPEHHIOIO 4YacTh TAJTaKTUKH. Torzma 3a aTam BbIcTaBisiercs 2 Oaiia, HO
MOCIIEAYIOIIME ATAIbI OLIEHUBAIOTCA B MOJIHOM Mepe.

Jrtan 2 - 2 6aaa. OnpeaesieHne KOHIEHTPALMH 3Be3]1 B FajIaKTHKE.

Tpebyemast Tounocts 10%.

BepositHast ommOka mpu  pelIeHHWH: YYacTHUK 3a0bIBaeT O TEMHOM MaTepuu, 3aBblllas
KOHIEHTpPALUHIO 3Be€31 B 5 pa3. B »ToM ciiyyae He 3aCUMTBHIBACTCS HAHHBIA 3Tal, a TaKkKe
(bUHATBHBIN 3Tan (3aIUCh OTBETA).

Jran 3 - 2 Oamna. HaxoxaeHHe MaKCHUMAJBLHOIO PAacCTOSIHUSL 10 3Be3[bl, BUAUMOM
HEBOOPYKEHHbIM I'J1a30M.

B xauecTBe npeaenbHON 3BE€3THON BETUYMHBI 11 HEBOOPYKEHHOTO TJ1a3a MOTYT OpaThCs 3HAUCHHS
ot 5.5™ mo 6.5, uto He sBIsIETCS OMKMOKOM. B OCTambHBIX pacyeTax TOYHOCTH JOJDKHA OBITH HE
xyxe 10%.

Jrtam 4 - 1 6a/1. Onpenesnenne Ync/a 38e3/1, BAAUMBIX B HeOe IJIaHeThI.

3acuuTHIBAETCSA B CIIy4yace IPABWIBHBIX BBIIIOJHEHUN MpeAbAyHIMX 3TanoB. OTiIMYue OTBETA OT
MIPUBEJCHHOTO BBIIIE MOXXET OBITh BBI3BAHO TOJIBKO APYTUM 33JaHUEM IpeAeIbHON 3BE3THOU
BEJIMYUHBI HA 3Tare 3, BO BCEX OCTAJBHBIX CIIydasiX MpPU OTKIOHEHUSX OoTBeTa Oosee, yeM Ha 20%,
9Tall HE 3aCYUTHIBACTCA. YUYACTHUKHM MOTYT HAlTU YKMCIIO 3BE3], BUIUMBIX B OJIUH MOMEHT C OJJHOH
TOYKHM TOBEPXHOCTH IUIAHETHI M IOJY4YUTh 4Mcia0 oKosno 500, 4yTO TakKe 3aCUMTHIBACTCS IPU
YCIIOBUM COOTBETCTBYIOLIETO ONMCAHUS HAWJEHHON BETMYUHBI.

BeposiTHasi omm0Kka NpW pelIeHMHU: TONBITKA y4yeTa MEX3BE3JHOIO TMOIJIOIIEHUSI CBETa B
rajJjlakTUKe, KOTOpO€ MPU OMHCAHHOM YCJIOBUHM OTCYTCTBYeT. OLlEHKa OMpeaesieTcsi TOYHOCThIO
BBITIOJTHEHUS BCEX ATAIOB U Jaliee yMeHbIIaeTcs Ha 2 Gaia.



IX.4 BETYWAR TEH 2y

4. YcaoBue. B xakux mupoTax JiyHHasi TEHb BO BPEMsI COJIHEYHOTO 3aTMEHHUSI MOKET JIBUTAThCS MO
MOBEPXHOCTH 3eMJIM TOYHO C 3amajia Ha BOCTOK, M B KaKMX — TOYHO C BOCTOKAa Ha 3amap?
ATMmocdepHoit pedpakuueil u peabedom 3emin npeHeOpeyb.

4. Pemenue. JlyHa n1BIKeTCs 10 OpOMTE BOKPYT 3€MJIM TPOTHUB YaCOBOM CTPEIIKH (€CII CMOTPETH C
CeBepHOf/’I CTOpOHBI) U 1Opy MMOJTHOM COJIHCYHOM 3aTMCHHUH €€ TCHb ABUIKCTCA IO MOBCPXHOCTU
3emMiu OOBIYHO OT YTPEHHEro mnojdymapus K BeduepHeMy. Ha pucyHke moOKazaHbl HpUMeEpbI
OBHUKCHUA TCHU .HYHBI BO BpCMA JICTHCTO W 3UMHCTO COJIHOCCTOSHUS. HanpaBneHHe JABUXXCHUSA
TEHU HAKJIOHEHO K TJIOCKOCTH SKJIMIITUKU Ha Majblid yroi (okojo 5°). B 3aBucuMocTH OT ce30Ha,
Kor/1a HaOdroAaeTcs 3aTMEHHE, s JTF000W IUPOTHI OT CEBEPHOTO A0 FXKHOTO TMOotoca TeHb JIyHBI
B KaKOW—TO TOYKE 3eMJIM MOXET JABUTATHCS TOYHO BIOJb Mapajliesu, ¢ 3amaja Ha BOCTOK.

OkeaTop
SKNunTUKa

OkeaTtop

IkNunTUka

Ha »Tux >xe pucyHKax Mbl MOXXEM BHUIETh, YTO BOJIM3HM JICTHETO COJHIECTOSHUS, €CIIU
3aTMEHUE HAOIIOAaeTCs BOJIM3M CBETIION MOMYHOUHN B MOJISIPHOM 00acTH 3eMiTu Ha IIMpoTax Oojee
+66.6° (CeBepHbIi TOJSAPHBIA KpPyT), TEHb MOXET JBUraThCsi M C BOCTOKA Ha 3amaj.
CootBeTcTBEHHO, 3a HOKHBIM MONISIPHBIM Kpyrom (IIHpoOThl OT —66.6° 1o —90°) Takas cuTyauus
MOXET CIYyYUTHCSI BOJW3M JHS 3UMHEro cojiHiecTosHus. OmHako, MHUPOTH B £66.6° HE OymyT
npeneabHbIMU. [I71s1 HaX0XKIeHUsl TPAHUYHOM MUPOTHI PACCMOTPUM MHOM ciayyail. [lycTs 3aTmMeHue
MIPOUCXOAUT BOJIM3U BECEHHETO PaBHOJICHCTBHS, a JIyHa pacrnosiaraeTcsi y BOCXOASIIETO y3j1a CBOCH
op6utsl. IlpennonokuM Takke, YTO JyHHas TEHb JIMIIb CIIETKa 3ajena 3eMIII0 C CEeBEepHOMU
cTopoHbl. [1o pucyHKY MBI MOXEM OIPENEINTh, HA KAaKO! IIUPOTE MIPOU3OILIO KaCaHHE:

¢@=90°—-¢e—-i=614°.



3/1ech € — yroJl HakJIOHA SKBAaTOpa K 3KIMITUKE, [ — HAKJIOH opOutsl JIyHbl Kk sxiunrtuke. [lpu
3aTMEHHHU, OMM3KOM K KacaTelbHOMY, T€Hb OIUIIET Ha MOBEPXHOCTU 3eMiu Ayry, mo dopme
OJIM3KYIO K MONYKPYTY. B Kakoi-To MOMEHT, OJIMKe K OKOHUAHHUIO 3aTMEHHSI, OHA OYJET ABUTATHCS
B 3araJ{HOM HaripaBieHud. [Toxosxas cuTyanus CiIoKUTCs BO BpeMs ITOJTHOTO COTHEYHOTO 3aTMEHHUS
9 anpens 2043 roma, kotopoe Oyner HaOmomatbess Ha Bocxoae ComHia Ha ceBepe Kamuarckoro
nosryoctpoBa. O6sacTh BUAMMOCTH TIOJTHOM (ha3bl MOKa3aHa Ha PUCYHKE. Takasl )ke KapTHHA MOXKET
HAOIIOAAaThCS B IOKHOM TMOJIyIIApUU Ha mmporax Hmxke —61.4° Ha 3axonme ConHuma BOIM3M
BECEHHET0 PAaBHOJEHCTBUS MJIM Ha €r0 BOCXO/€ BOJIN3U OCEHHET0 PABHOJACHCTBHUS.

L] i B o
65°N “sTotal Eclipse of 2043 April 9 i
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4. CucremMa olleHUBaHHUA.

Jran 1 - 3 6ana. UHTEpBaJ HIKPOT, I/ie TeHb MOKET ABUIATHCS € 3a11aJ1a HA BOCTOK.
OnenuBaercst 3 OaulaMu TOJBKO B Ciydae MPaBUIBHOTO oTBeTa (Bce mMpoThl). Ilpu ykazanun
TOJIOBHHBI WHTEpBaja (OT SKBaTOpa 10 TOJIFOCA) OIEHKAa COCTaBisieT 1 Oawi, mpu yKa3aHUH
MHTEpBaJIa MEX/1y HOJSPHBIMU KpYraMH - Takke | 0aii, B OCTaNbHBIX CIy4asx olleHKa 3a 3tam - 0
6amioB. @opManbHO TOBOPs, YYACTHUK OJMMIIMAABI MOKET HE BKJIIOYATh B OTBET CaMM IOJIOCA,
TaK KaK TaM MOHATHS 3arajla ¥ BOCTOKA HE ONPEJIEICHbI, 3TO HE BIMSET Ha OIICHKY.

Jran 2 - 5 6a/10B. UHTEpBaJ LIUPOT, I/1e TEHb MOKET ABUIaTHCS ¢ BOCTOKA HA 3amaj.

[Ipu ykazaHnum WHTEpBaja MUAPOT OT MOJSIPHOTO Kpyra M0 mojiroca (Hanbosee BEpOATHAS OIIMOKA)
OLIEHKa cocTaBisieT | Oayun mpu yKa3aHWM OJHOTO Moiymapus M 2 6ajuia - Ipu yKa3aHUU JBYX
nonymapuii. Ilpyu yka3anuu npaBUIBHBIX TPaHUI] OLIEHKA COCTaBisieT 3 Oama mpu yKa3aHHH
OJTHOTO TOJyIIapHst U 5 OaJUIoB - MPU YKa3aHUU JIByX HOJyIHIapuid. B mocnenHem ciydae 10JKHO
ObITh YKa3aHO, NPU KaKUX OOCTOSTEIbCTBAX MOXKET NPOM30MTH Takoe 3aTMEHHE - BOJIU3U
paBHOJEHCTBUH, TeHb JIyHBI KacaeTcs moBepxHocTH 3emiid. OLeHKa He MEHSETCs, €CJIM I'PaHULIb
HMHTEpBajia u3MeHeHbl Ha 0.25° 11 ydyera BUIUMbIX pazMmepoB CoHIA.

BepositHasi ommOka NP TPABWILHOM OTBeTe: YYaCTHHK pacCMaTpHUBAaeT  CIIydYai,
COOTBETCTBYIOIIUI COJHIIECTOSIHUSAM (BEpXHUE PUCYHKH), HO TIPU ATOM yKa3bIBAa€T, YTO CKIOHCHHE
JIyHBI MOXeET JocTurarh £+i=28.6°, U TIOATOMY MHHHMAJIbHAS IIUPOTA IO MOAYJIO paBHa 61.4°.
XOTs MaHHBIA OTBET YHUCICHHO COBMAAAeT C TPABWIBHBIM, HO OH TIOJIy4e€H W3 HEBEPHBIX
COOOpaXeHM, Tak KaK MPH TaKUX CKIOHEHHsX JIyHbI 3aTMEHHs HACTynuTh He MOryT. OIlleHKa 3a
BTOPO# 3Tanm He mpeBocxoAuT 2 6amioB (1 Gamra mpu ykazaHWW OJHOTO TOJyIIApUsi). DTO MPABHIIO
NEHCTBYET, JaXKe €CJIM YYaCTHHK OJIMMITHAJBI HE YKA3hIBAET TaKoe 3HaueHUe CKIOHeHUs JIyHbI, HO
OHO BBITEKAET U3 €r0 PACCYKIEHUH, JIMOO €CJIM MPAaBUIILHBIN OTBET J1aeTcs 0€3 000CHOBAHMIA.



IX.5 E#EMQXHO!-IHM NMNAHETAPUA £

5. Yeaosue. OquH acTpoHOM pelInil caenaTh cede CBOM COOCTBEHHBIN IMIaHeTapuil, MPOCBEPIIUB
OTBEPCTHsI HYXXHOrOo pa3mepa B rio0Oyce paaumycoM 20 cM, B IIEHTP KOTOPOTO OH YCTaHOBWII
TOYEUHBIH MCTOYHHMK cBeTa. OlLeHuTe pa3Mep OTBepCcTUs B TIJ00yce, IpU KOTOPOM pasmep
MIPOCLIMPYEMOM 3BE3/1bl NEPECTAHET COKPALAThCA C YMEHBIICHHEM auamerpa orBepctus. IlycTts
TaKOW JIHMaMETp COOTBETCTBYET CAMbIM CJIA0BIM 3B€3/1aM, BUAMMBIM HEBOOPYKEHHBIM IJIA30M.
Cuntasi, YTO OTHOCUTENIbHASA APKOCTH 3BE€3] JOJDKHA COXPAHSTHCS, ONPEIECIUTE Pa3sMEpP OTBEPCTUS
JUIs cCaMOM ApKO# 3Be31bl HOUHOro HeOa, Cupuyca, MMEIOIIEro 3Be3AHYI0 BenuuuHy —1.5", u
yIJIOBOM pa3mep ero u3oOpakeHus. 3Be3[bl KaKoi 3BE3THON BEIMYMHBI CHISAIIMKA DPSIOM C
IUTAaHETapUEM aCTPOHOM YBHIUT, KaK TOUKH?

5. Pemenme. JIns1 Hayama paccyuTaeM YrJIOBOW pasMmep 3Be3Abl IS HaOIomaTes,
pacloNoKEHHOTO B IIEHTpe mapa. be3 ydera mudpakimuu cBeta OH OyJeT paBeH OTHOIICHHUIO
TuaMeTpa oTBepcTus d K paauycy riodyca R:

Ecnmu Obl pacmpocTpaHeHHe cBeTa BCerJa IMOAYMHSIOCH IMPaBUJIAM T'E€OMETPUYECKON ONTHKH,
YTJIOBOM pa3Mep COKpalaeTcs BIUIOTh A0 HYJIsS IPU YMEHBIICHUH OTBEPCTHH. ByemM Ha3bIBaTh 3Ty
BEJIMYUHY «T€OMETPUUECKUM» PasMEPOM 3BE3/IbI.

Ha camom pene, audpakuus cBeTta Ha Kpasx anepTypbl BHOCHUT OIpAaHUYEHHUE Ha
MUHHMAJIBHBIN YTTIOBOH pazmep n300pakeHHS:

=
Q
>

JlaHHOEe paBeHCTBO HMMEET HpPUOIMKEHHBIH XapakTep, TaK Kak Iy4OK CBeTa, MAJalolUil Ha
OTBEpCTHE, HE MapaUIeIbHbIA. [10 9TUM e IpUYrHAM MBI MOXKEM OIyCTHTh Kod(¢umuent 1.22 B
3TOM opmyie. B urore, tuppakiiMoHHbIN pa3mep 3Be3/Ibl yBEIUUYNBACTCS ¢ AUAMETPOM OTBEPCTHS.

OmnpenenuM IuaMeTp OTBEPCTHS, MPH KOTOPOM T'EOMETPUYECKHHA M JUPPaKIUOHHBINA
YTJIOBBIE pa3Mephbl paBHBL. B 3TOM cilydae BUAMMBINA pa3Mep 3BE3/bl MEPECTACT YMEHBIIATHCS, a
HaIpOTUB YBEJIINYMBAECTCS C JAIBHEUIINM CYKEHUEM OTBEPCTHUSA:

d_»*
R d
Otcrona
d=+AR = 0.3 Mmm.

[Ipn BBIMHCICHHUSIX MBI Opaiu UIMHY BOJHBI A=550 HM, COOTBETCTBYIOIIYI0 MaKCHUMyMY
YyBCTBUTEIBFHOCTH YeNloBeuecKoro rnasa. [Ipu Takom paamnyce oTBepctus o0a dakropa mpUMEpPHO
OJIMHAKOBBI ¥ HAKJIAABIBAIOTCA JpYyr Ha Jnpyra. MOXHO CUYWTaTh, YTO BHUAMMBIA pa3Mmep
M300paKeHUs B 3TOM cllydae OyJeT MPUMEPHO paBEH CyMMe F€OMETPUYECKOT0 U AU(PPaKIIMOHHOTO:

d A\
O~a+PB=2==22%0.003 pag =10
B 227 p

NmeHHo B TakoM KOHyce OyJeT pachpeiesieH CBET OT CaMOro MaJleHbKOTO OTBEpCTHS,
COOTBETCTBYIOIIIETO 3BE37aM IIECTOM 3BE3JHON BENIMYUHBI (CaMbIM CIAa0ObIM HAOIIOZAeMbIM
HEBOOPY’KEHHBIM TIJ1a30M 3Be€3/1aM). JTO CYIIECTBEHHO OOJIbIIE pa3pelieHus] YeI0BEUECKOro IJ1asa,



TaK 4YTO, K COXAJEHHUIO, TAKOW CcaMOJEIbHBIM IUIaHETapuil BOOOIIE HE CMOXET IOCTPOUTH
JIOCTaTOYHO TOYEYHBIX 3Be3/l. EcTecTBeHHO, uTO O0Jsee ApKUX 3Be3]] pa3Mepbl OyIyT elle OobLIe.

Bunumas cymmapHasi pKOCTb 3BE3/Ibl OIPEIEISIETCS pa3MepOM OTBEPCTHS, AUdpakius Ha
Hee NMPaKTUYEeCKU He BiuseT. Cupuyc spde 3Be3] LIECTONW BEIMYUHBI B 2.512°1°=1000 pas, u
TaKOW 3BE3JIbI pa3Mep OTBEPCTHS ISl HErO TOJKEH OBITH

dy =d~1000 =10 Mm.

DTO COOTBETCTBYET YIJIOBOMY PasMepy

d
0 :FS ~ 0.05 pan =3°.

3neck qudpakius yKe He UTpacT HUKAKOH pOITH.
5. Cucrema oneHuBaHHus.

Jran 1 — 4 6a/ua. Pacyer onTUMAaJBLHOI0 THAMETPA OTBEPCTHS.

OTtanm BKJIIOYAeT B ce0s OMpeereHue «reoMeTpudeckoro» pasmepa (1 0Gamr), ompezaeneHue
«audpakunoHHoro» pasmepa (1 Oamn, nHanmmume kodd¢uimenta 1.22 He BIMSET HAa OLEHKY),
ompeieJICHuEe ONTUMAIBHOTO pazMepa oTBepcTHs (2 Oamta). HerouHocTn onpeseneHus KaKa0ro us3
(akTOpOB, HE MPEBOCXOAIINE 2 pa3, MPUBOIAT K CHATHIO COOTBETCTBYIOLIETO KOJIMYECTBA OAJIIOB.
Ecnu xe onuH u3 QakTopoB HE YUYTEH, TO MOHITHE MUHUMAJIBHOTO BHAMMOIO JHaMETpa TEpseT
CMBICT. BHE 3aBHCUMOCTH OT WMHBIX METOJOB OIEHUTH €ro (pacueThl SIPKOCTH MATHA C YYETOM
MOIIIHOCTH JIaMII  T.[.) 3Tal MOJHOCTBIO HE 3acuuThiBaeTcs. [locneayrolue 3Tamnbl OLEHUBAIOTCS B
MIOJIHOM Mepe, €Clii MOTy4YeHHOE 3HAYCHHE BUAMMOTO IUaMETpa HE OTIUYAETCS OT MPaBUIBLHOTO
6onee, uem B 10 pa3.

Jrtam 2 — 2 6anaa. OueHKa BO3MOKHOCTH CO3/IaHUSI TOYEYHBIX H300paKeHN il 3Be3/1.

Otan BKJIIOYAET ONpeAeeHne MUHIMAJIBHOTO YITIOBOTO pa3Mepa nuzodpaxenus (1 6am). [Ipu sTom
kod(purmeHT 2, NpuBEACHHBIA B PEIICHUH, HE SIBJISETCS 00513aT€ITLHBIM — OH MOYKET OBITh OITYITICH
WM 3aMeHeH Kod(pduimenToM 1.4, COOTBETCTBYIOIIUM HAIOKEHUIO M300paXEHUH IO Teopeme
[Mudaropa. OgHako, ecau kKodHPUIMEHT HE MOMAIaeT B HUHTEPBAI OT 1 10 2, OIlEeHKAa YMEHBIIIACTCS
Ha 1 Oamn. Btopoit Oamnm BhICTaBiIsETCS B Ciydae MNpPaBUIBHOTO BBIBOJA O HEBO3MOXKHOCTHU
TOUEYHBIX H300paxkeHuil. Ecimm 3TOT BBIBOA chenmaH ©6€3  KOPPEKTHOTO  BBIUMCIICHUS
reOMETPUYECKOro U AU(PAKIIMOHHOTO M300pa)KeHMs, OLIEHKA 3a JBa IEPBBIX dTana B CyMME HE
npeBocxoauT 1 Gasr.

Jran 3 — 2 6a/uta. OnpenesieHne pa3Mepa OTBEPCTHS M YIJIOBOI0 pa3Mepa H300paseHus s
Cupuyca.

OtBeT MoxeT ObITh B 1.4 unu 2 paza MEHbIIE NPUBEIEHHOTO BBILIE, €CIM B TAKOE XK€ YUCIO pa3
MEHBILUM OKa3bIBAETCS yroi O MpH BBHINOIHEHUHU MPEIbIYLINX 3TANoB (CM. BBILIE), 3TO HE BIUSIET
Ha omeHky. OJHaKko, eciau Ha yrioBOM pasmep u3oOpaxkenuss Cupuyca BiIuseT TU(pakuus Ha
KPYITHOM OTBEPCTHH, TO BHE 3aBUCUMOCTH OT OTBETA JaHHBIN 3Tan He 3acuuThiBaeTcs. [IpaBuiibHOE
YHCIICHHOE ONpe/ieJieHne 00erX BEJIMYMH OlleHUBaeTcs o 1 Gamty.



IX.6 KOMETA CO CBUTOI o

6. Ycaoue. 12 cents6ps 2018 rona komera [IxakoObunu-lluHHepa mpolga Ha MHHUMAaJbHOM
paccTossHUU OT 3€MJIM B CBOEM TeKyIleM 00opoTe BOKpyr CoiHIIa U OJHOBPEMEHHO OKa3ajlach B
TOUKe nepurenus csoeit opoutsl. [locne 3toro, 9 oktsa6ps 2018 rosxa, HACTYNUI OCTPBIA MAKCUMYM
METEOPHOT0 TMOTOKa JIpaKOHUbI, TTOPOKACHHOTO 3TOM KomeTod. CuuTas, 4yTO pajMaHT IMOTOKa
HaxXOJUTCSI B CEBEPHOM IIOJIIOCE HKJIMITHKH, a CaM pOM KOMIIAKTECH, HAWIUTE MHHHMAIBHOE
paccrostuue komethbl /xakoOounu-Lluanepa ot 3emnn B 2018 rogy M HakiOHEHHE €€ OpOUTHI K
IJIOCKOCTH JKJIUINTUKH. DKCHEHTPUCUTET OpOUTHI KOoMmeThl paBeH (0.7, opOutTy 3emiin CUYUTATh
KpYT'OBOM.

6. Pemenne. 11300pazuM opOUTHI KOMETHI U 3eMJIH BOJM3U TOYKH UX TIEPECEUCHHsS B TUIOCKOCTH,
MEPIICHANKYJIIPHON  pannycy-BekTopy (HampamieHuto Ha ComHie). Mbl  cuutaeM OpOUTHI
MEePECEeKAIONIMMHUCS, TaK KaK IO YCIOBUIO 3aJaud HAOIONANCS OCTPHI MaKCUMyM METEOPHOTO
MOTOKA, MIOPOXKICHHOTO KOMITAKTHBIM poeM YacTull. O003HaYMM CKOPOCTh KOMETHI U METCOPHBIX
YacTHII B TOYKE BCTPEYM Kak Vv, CKOPOCTh 3eMiu Kak V. X BekTopHas pa3HOCTh —
TCOICHTPHUYECKAsT CKOPOCTh KOMETHI U WIIH, TO )K€ CaMOe, CKOPOCTh METEOPOB — NEPIICHINKYISIPHA
IJIOCKOCTH JKJIUIITUKH, TO €CTh JISKUT B TUIOCKOCTH pUCYHKa. ClieJoBaTeNbHO, CKOPOCTh V TAKXKe
pacrioyio’keHa B 3TOU TUIOCKOCTH.

QKknunTuka

OnpenenuM MUHUMAIBHOE PACCTOSTHUE MEXIY 3eMIIe 1 KOMETOM. [{J1 3Toro nepeiaeM B CUCTEMY
oTcueTa, JABIKYyLIylocs BMecTe ¢ 3emieil. B Hell komera JBHXKETCS €O CKOPOCTBIO U
MEPHEeHIUKYISIPHO TUIOCKOCTH SKIUNTHKU (TOPU3OHTAJIbHOW JIMHUM Ha PUCYHKE), Ha KOTOPOM
Haxomutcst 3emuss. OdYeBHIHO, MaKCHMalbHOE CONMMKEHHE MPOM30MAEeT B TOT MOMEHT, KOrja
KOMETa TepeceyeT MIOCKOCTh SKIMNTHKU. TO €CTh, B MOMEHT BpeMeHHU fy, 12 centsaops 2018 roma
KOMECTa (CCHI/I OPUHATH YIOPOLICHUA, CACITIAHHBIC B YCIIOBUU 3az[aq1/1) OKa3hbIBA€TCA Ha MUHHUMAJIbHOM
paccTOSTHUU OT 3eMITH, TIPUYEM B TOM jK€ TOUKE MPOCTPAHCTBA, YTO Te 3eMIIs OKaKeTCs 9 OKTIOps
(3TOT MOMEHT 0003HAYHMM Kak ?1). Tak Kak 3TH MOMEHTHI pa3JieisieT MEHbIIE MecsIa, Mbl MOKEM
CUUTaTh JBM)KCHHE 3€MJIM paBHOMEPHBIM. OTCIO/1a MOJIy4a€M MUHUMAJIBHOE PAaCCTOSTHUE MEXIY
3emuieil 1 KOMETOM:

L=vy(t—1)=0.46 a.e.

Teneps MbI 3HaeM, 4TO TOUKA MEPECEUEHUS OPOUT COBIAJAET C TOUKOM NepUreans opoOUTh KOMETHI,
MIO3TOMY CKOPOCTb KOMETBI V B TOYKE BCTPEUU €CTh IIEPUTECIIMIHAA CKOPOCTh KOMETHI. Ee Bennunna
COCTaBIIAET

v=y,/l+e.



W3 mpsMOyroabHOTO TPEyroyibHHKA, OOPa30BAHHOIO BEKTOPAMHU TpPEX CKOPOCTEH, ompenensiem
BEJIMYMHY HAKJIOHA OPOUTHI KOMETHI K IMJIOCKOCTH SKJIUNTHKY:

= 40°.

. Vo
i = arccos — = arccos
v l+e

Boixons 3a pamMku pelieHust JaHHOM 3aJadyd, OTMETHM, 4YTO Ha CaMOM JIeJieé pajJHhaHT MOTOKa
JlpakoHM] yJajleH OT MOJoca SKIUNTUKU Oosee, ueM Ha 10°. Eciu 3TO yuecTb, TO HOJTy4YEHHBIE
XapaKTePUCTHKH OPOUTHI KOMEThl HECKOJBKO M3MEHATCS: €€ HAKJIOH OpOMTHI cocTaBisieT 32°, a
MUHHMaJIbHOE paccTosiHue oT 3emin B ceHTa0pe 2018 roma Osuto oxomo 0.39 a.e.

6. CucremMa oieHHBAHHSL.

Jrtan 1 — 4 6anna. OnpeneneHne MUHIMAJIBLHOIO PACCTOSIHUS MEKAY 3eMJuIeil H KOMeTOM.
Perienne MOXeT BECTUCHh B YNPOLICHHOM BHUJE, KaK OMMCAHO BBINIE. YYAaCTHUK MOXKET TaKXe He
CUNTATh JBM)KEHUE 3€MIIU TPSMOJIMHEHHBIM, U BMECTO JUTHHBI TyTH OMPEICIIUTh [UTHHY XOPABI, YTO
MIPAKTUYECKH HE CKakeTcsl Ha oTBeTe. [Ipu onpeaeneHny pacCcTOSHUS YYACTHUKU MOTYT OCTaBaThCs
B TEJIIMOIEHTPUYECKONH CHUCTEME OTCYETa, YTO HECKOJBKO YCJOXKHSET pelieHHe, HO MPUBOIUT K
TOMY K€ pe3ynbTary. Tpebdyemas TouHOCTh oTBeTa — 5% (momHbli Oamn), 10% (2 6amna 3a stam).
[Ipu Oonpmux omubKax (B YaCTHOCTH, €CJIM OHU BBI3BAHBI MTOMNBITKON OCYIIECTBUTH 00JIEE CII0KHOE
TPEXMEpPHOE pEIIeHHUEe U YUYUThIBaTh H3MEHEHHE CKOPOCTH KOMETHI CO BpEMEHEM) JTall He
3aCYUTHIBACTCSI.

Bo3MoskHasi omIMOKa yYaCTHHKA: MTOJIOKEHHE KOMETHI 12 CeHTA0ps He COBIAAAET C TOUKOH y3ia
ee opOUTHI (K ATOMY CIIy4al0 HE OTHOCHUTCS pas3nyue STUX Touek MmeHee, yem Ha 0.02 a.e.,
BBI3BAHHOE MOMBITKON yYeCTb KPMBHM3HY TpaeKTopuil oOoux Tein). JlaHHBIN OMIMOOYHBINA BBHIBOX
MOXKET HE ObITh C(HOPMYIUPOBAH HANPAMYIO, HO CJIE€I0BaTh U3 PELICHUI, YTO TaKXKe MOMaJaeT Mo
3Ty KaTteropuio omuOok. B 3Tom ciydae Bech atam He 3acuuThiBaeTcs (0 6aioB), BHE 3aBUCUMOCTH
OT YHCJICHHOTO OTBeTa. BTOpOii 3Tam nmpu ’TOM MOXKET OBITh 3aCUMTaH (CM. JaJiee).

Jrtan 2 — 4 6anna. Hakinonenue oponTHI KOMeTHI.

[TonoBuHa naHHBIX OamaoB (2) BBICTABISETCS 3a MPaBUIbHOE YHCICHHOE WK (hopMylbHOE
OIIpPEJICIEHNE CKOPOCTU KOMETHI, Jpyras IOJOBMHA — 3a OIpeJeleHue yria HakioHa. [lpu
OIIMOOYHOM BBIMOJIHEHUH OJHOTO M3 3TUX IMOJATANOB BTOPOH MOXKET OBITh OLIEHEH IMOJHOCTHIO B
CJlydae BEPHOT'O BBINOJIHEHMs (XOTs IIPU 3TOM BTOPOH ATall 1ocie OIIMOKHU Ha IEPBOM MOXKET JaTh
HEBEPHBII OTBET).

B ciydae ommOku Ha IepBOM 3Tarie, CBSI3aHHOM ¢ pa3InyveM TOUYKH MEPUreInsi KOMETHI U TOUKH e
nepecedeHust ¢ opouTo 3emMiH (CM. BBIIIE), BTOPOM ATall, BOOOIE TOBOPs, TpeOyeT 000CHOBAHMS
paBeHCTBA CKOPOCTU KOMETHI (M METEOPOB) MpH NepeceueHH OpOUTHI 3eMJIH U B iepuresnuu. Ecin
9TOT (PaKT KaKUM-T100 00pa3zoM 00OCHOBBIBaeTCsS (KOMeTa BOJM3H MEPUTENHsI), TO BTOPOM 3Tam B
CJIydac BCPHOTI'O BBIIIOJTHCHUA 3aCYUTHIBACTCA ITOJHOCTBIO. Ecmu CKOPOCTH MPUPABHHUBAKOTCA 663
000CHOBaHUH - OIIEHKA CHUXaeTcs Ha 1 6amt (MakcumyM 3 Gasuia 3a JTtar).

BepositHasi omu0Kka y4acTHHMKA: HAKJIOH OpOUTHI KOMETHI paBeH 90° mim KakuM-TO 00pazoM
OTIPEICIISETCS YIIIOM MEX]y dKBATOPOM M SKIUNTHKOHN (0TBeTHI 23.4°, 66.6° u T.4.). K aTOMy Xe
CIIy4ar0 OTHOCSATCS BapUaHThl, NPU KOTOPBIX OTBET 3aBUCHUT OT YyIJIa HAKJIOHA JKBaTopa K
SKJIMIITUKE, TO €CTh MEHSETCA, €CIM MPHUAATh ATOMY YINIy MHOE 3HaueHue. B 3Tux ciydasax stam
MOJTHOCTBIO He 3acuuThiBacTcs (0 6ayuion).



