\ Y 4 Mynaununaabubiii 3Tan BcOIIl mo actponomun
B3JIET

e T 10 xJacc. YciaoBus 3aja4

1. ActpoHOMUYecKkas KapyceJjb 8 HasIoB

Henamwves B.D.
Bam 1upejiocrapiierbl 4 acTPOHOMUYECKUX YTBEPXKJIEHUSI. Y KaXKUTe KaKue U3 HUX
BEpHbIE, a KaKnue HET. O6H3&T€.HIDHO I[NOZACHHUTE IJIAd KaxKJI0I'0 CJIyvasd, [I09EMY Bbl TaK
JlyMaere.

A. Bocxoy Counna n Bepxasist KysabMutalinst COJIHIIa HACTYIAIOT PAHbIIEe Ha Bep-
mrHe OCTaHKUHCKON Tee0alinm, HeXKe/In Y ee OCHOBaHUS.

B. V Bogopo/iHoil ma3mMbl MOJIsIpDHAST Macca paBHA 2 T'/MOJIb.

C. IIaposble CKOIIEHUsT HAXOASTCS B JUCKe Harreir [ajakTuke u ee daJijke, Tak
KaK TaM DOJIBIIEe MEXK3BE3ITHOTO Ta3a, HeOOXOIMMOTO JIJIsI NX 00pa30BaHUsl.

D. CBepxHOBBIE 3BE3/IbI - 3TO MOJIOJIbIE, TOJIHLKO 00pa30BaBIINECs 3B€3/Ibl, B KOTOPHIX
HavaJINCh TePMOsiIepHbIe PEaKIINu.

Pemenne.
PaccMoTpuM 10JIpOOHO KarK10€ U3 UeThIPeX YTBEPXKICHUII.

A. Bocxon Comnnna u Bepxusas KyabMuHaius CoJiHIla HACTYIAIOT paHbIIe Ha Bep-
mHe OCTaHKUHCKOM Tesre0alinm, HeXKeIn y ee OCHOBaHUST
Bocxon Cosila Ha BepIuHe TejiedalllHi HACTYIHUT JeHCTBUTEILHO paHbIIe, HO
BePXHAS KYJIbMUHAINSA HACTYTTAT OJJHOBPEMEHHO, T.K. OHa He 3aBUCHAT OT BHICOTHI
nabsrojtaresisi. CiieloBaTe/IbHO JIAHHOE YTBEPXKJICHUE - HE BEPHO.

B. V Boopo/iHOI# M1a3MbI MOJISIDHAST MAacca paBHA 2 T'/MOJIb.
[Ty1a3ma u3 BojI0pOia, COCTOUT U3 MOHOB BOJIOPOJIA U MMEET MOJISPHYIO Maccy 1
1/ MoJib. CJleJI0BATE/ILHO JIAHHOE YTBEPXKJIEHUE - HE BEPHO.

C. IIapoBble CKOIJIEHUsI HAXOIATCS B JUCKe Halleil ['ajakTuke u ee GajijzKe, Tak
KaK TaM DOJIbIIIe MEXK3BE3THOTO T'a3a, HeOOXOIMMOI0 JIJIsT NX 00Pa30BaHMSI.
[[Taposbie 3Be3/1HbIE CKOILICHUs HE 0Opa3yloTcst B ['ajakTiKe B HbIHELIHIOKO 110~
Xy. DTO OJIHU W3 CaMbIX CTapblx 00beKToB [amakTuku. CrenoBaTebHO yTBEp-
JKJIEHKE - HE BEPHO.

D. CBepxHOBBIE 3BE3/IbI - 3TO MOJIOJIbIE, TOJIHLKO 00pa30BaBIINECs 3BE3/IbI, B KOTOPBIX
HAYaJUCh TEPMOsICPHbIE DEAKIINH.
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CBepxHOBbBIE 3Be3JIbI - 3TO (PUHAILHASA CTAIUs IBOJIONNKU 3Be37. CBepXHOBLIE
[ Tuma - Koyutancupyiomnme Oesble KapJnKu B JIBOWHBIX crucTeMaX. CBEpXHOBBIE
THIIA - KOHEeUHasI CTa I IBOJIIOIUHI 3Be3]1 ¢ Maccoit boJibie 8 M, CienoBaTebHO
JIaHHOE YTBEPXKJEHNE - He BEPHO.

OrBer. A — Hesepnoe, B — Hesepnoe, C — Heseprnoe, D — Hesepnoe

Kpurepun orienuBaHus. 8
[IpaBunbHOE yKazaHnme 0 BEpHOCTH WJIK JIOXKHOCTU yTBepKaerunit A—D 8
38 KAXKJIO€ C TTOFACHEHUEM . . ot vet i ettt e et ettt e et e e e e e e e e e e e e e +2
38 KAXKJI0€ 063 TOSTCHEHMM . . . oottt e ettt e e e et e e e e e e +1
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2. Buesemnasi o6cepBaTopud 8 H6aJsIIoB
Henamves B.B.

ABTomaTnueckas obcepBaTopus, pacrnojoxkennas na Llepepe nadioata 3a 38e3/10i
B co3Besuu Bosbioit Menpeuipl u onpegennia ee napasuiake 0.0277. Opbury
Llepepn! cunTaTh KPyrosoii, a paanyc paBHBIM a = 2.7 a.e.. AGcosoTHas 3Be31Has
peamunna Cosana Mo = 4.8 Onpenennre:

A. Paccrosinune ot CostHita 70 3TO 3Be3/1bI

B. Kakas 3Be3nas Besnanna Oyjer y Costaila, ecin HabJI101aTh 38 Heil U3 OKpecT-
HOCTel 3TOU 3Be3/bI!

Permenne.

1. Haiijiem paccrosiaue J10 3Be3/1bI B co3Be311u boJibioit Mejipe iuiibl ¢ yaeTom Toro,
uyro 6a3a Jij1s nmapaJjiiakca Ha Llepepe Oosibie ueMm Ha 3emiie:

a a 2.77
m = — = —

DY =5 T poom 10K

2. Oupepennm 38e3,10y10 Besmmanny CoJiHIia 13 OKPeCTHOCTeR 910 38e3/1bl. V3BecTHO
uro abcosoTHast 3Be3nHas Beqaununaa Cosnna cocrapisier M = 4.8™. Ilo onpenee-
HUIO aDCOJIIOTHOW BeJIMIUHBI paccrosinne 0 3Be3/bl 10 k. 3Bessa ke B Bosbmoit
Menseaune naxonurcsa B 10 pa3 pagbine. 3HaunuT 1 Ha CoJiHIle MbI Oy/IeM CMOTPETh
¢ paccrosinns B 10 pa3 OoJibilieM, deM B ciiydae abCOJIOTHON 3BE3JIHON BEJIMIUHBI.
CBer oT MCTOYHHUKA OCJA0JsIeTcss ¢ KBajpaToM paccrognus. CraenoareiabHo B 10
pa3 paJibiie 3ua9uT B 100 pas ciabee. Uro cooTBeTcTByeT OCJIAbJIEHNIO POBHO HA

oM.

Mo = My + 5" = 4.8 + 5" = 9.8"

OtBet. D = 100 ik, mg = 9.8™

Kpurepun orienuBaHus. 8
DOPMYITA TTAPATITIAKCA . + + « + v e e et e et e e e e et ettt e e et ettt e e e e e et e e 2
[TpaBusibublii yuer B 6aze napaJsuiakca opours Lepepbt ... ... 2
Onpejgenenne mageHust IPKOCTH COMHITA . ...ttt ettt 2
Onpenenenrie BUIUMON 3BE3THON BETIMUMHDBL . . . ..o oottt eeee e eee e e e e 2
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3. Acreponn 16 6as1oB
Kysneyos M.B.
OpburajbHasi CKOPOCTH JIBUXKEHHUSI acTepora B 3 pasa MeHbIIe OpOUTAJILHON CKO-

poctu 3emin Bokpyr Commnmna. Opbury acreponjga caurarh Kpyrosoii. Omnpeesn-
Te:

A. Paguyc opbutnl acreponia
B. OpbuTtajbHbIil epuo;r

C. Ilepuoj nmoBropeHus NPOTUBOCTOSHUMN JIJIsi HAOJIIOATE sl ¢ 3EMJIH.

Permmenne.

Omnpejiesium pajinyc opouTb acTpou/ia:

V =4/G—

| ~ M.
Va Gaf ag

Vo Mo Qq
ag

Vo 2
Qg = Qg (7@) =9 a.e.

Onpenenum opbuTabublii nepuoj. Bocnosbzyemes I11I-m 3akonom Kermepa:
T, \° a\’
(7) - ()
9
T, =T <a—) —1 (—) — 97 et
ao 1

[Tepros, moBTOPEHMST IPOTUBOCTOSIHUI JIJIsi HAOJIOAATENsI ¢ 3eMJIn, OyieT CHHOUIe-
CKUM IIEPUOJIOM aCTEPOUa Ipu HAOJIOJIEHUN ¢ 3eMJIN:

5

[\GI[9N}

11 1
S, Te T,
T.T,  1-27

Sa

- - — 1.038
T,—Tso 27-1 roa
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OtBet. A. Paguyc opburn! acrepouna a, = 9 a.e., B. Opburanpuniii mepuon 1, =
27 ner C. Ilepuos moBTOpEHMST TPOTUBOCTOSIHUIN JIJIsi HaOJIOAATEN s ¢ 3eMyn S,

1.038 rona

Kpurepun oneHuBaHUS. 16
HaxoxKaeHUEe PAJIYCA OPOUTBL . . . oottt et ettt et et e e e 8
Haxox eHne OpoOUTATHHOTO TIEPHOMA .+« o oottt e et e e et e ettt e et e e eeee e 4

Haxoxk tenue mepuoja MoBTOPEHUsI IPOTUBOCTOSHIN JijIsI HAaDJomaTesss ¢ 3eMn . . 4
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4. 3Be3ma 16 basioB

Kysneyos M.B.
3Be3na Juis HabuoaTens B Poccun KyJbMUHUDYET B BepxHe# KyJbMUHAIIUNA Ha BbI-
core hy = 70° rpajycoB, a B HUKHEll KyJIbMUHAIMNA 3CHUTHOE PACCTOSHUE TaK 7Ke
craHoBuTce paBubM z| = 70°. OTBerbTe Ha Cile/lyoue BOIPOCHL:

A. Onpegenure mupoTy MecTa HAOJIIOIEHHUSI.
B. Omnpejenure cKJIOHEHUE 3BE3JIbI.

O0bs3aTe/IbHO HAPUCYHITe MOsICHAIONINI 33/ a1y PUCYHOK ¢ HeOecHOi cdepoii.

Permenne.

Hapucyem pucynok k wareii 3agade. OTmernM Ha HeM JiBa ajdbMykanTapara (hy =
70° 1 hy = 20°). 3jech n gajee Mbl cpasy neperin ot z; = 70° k hg = 20°.

Z
Al
o~ _h=10°

h = 20°

O

|
|
_r
-
|
|
|
|
|
|
!
!
|
|
|
|
|
|
I
!
!
!
|
|
|

I
/

Puc. 1: Pucynok k 3amade 10.4

B ceseprom nosymapuu (o yesoButo 3a1aqu, Habmogaress Haxoqurcesa B PD), Huk-
Hsisl KyabMuHarms (Touka Bl) cBeruia MoxkeT ObITH TOJBKO HAJ| TOYKOI ceBepa, a
BEPXHsisl KyJIbMUHAIMS KaK HaJl TOUKOi fora (Al), tak u Haj Toukoii ceBepa (A2).
Paccmorpum oba corydasi.

Cunayaia pemnM 3a a4y, KOT'Zla BEPXHAA KyJbMUHaIWA IMTPOUCXOAUT K 10Ty OT 3€HHU-
Ta.

hy =90° — o + 0 = 70°
hy = —90° + ¢ + § = 20°

BbrureM u3 BepxHeEro ypaBHeHUsi HUXKHEE:
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180° — 2 = 50°
© = 65°

Cpazy Ke ompeeuM CKJIOHEHHE 3Be3/Ibl

§ = hy —90° + ¢ = 70° — 90° + 65° = 45°

Terniepb paccMOTPUM BapuaHT, KOIJIA BEPXHsIsS KyJbMUHAIMs TPOUCXOJUT C JIPYTroit
CTOPOHDBI OT 3CHUTA:

hy =90° + ¢ — § = 70°
hy=—90°+ ¢+ = 20°

Pemmum ero ornocurennbno @, OJId 3TOTO CJI02KUM BEPXHEEC N HU2KHEE YPDABHEHW A

20 =90°
© = 45°

B sTom ciiyuae ckionenune 38e31b1 0 = 65°

Cront OTMETHTH, UTO OY/AYT YKeJTaloIHe 3alucaTh OTBET B BUje +65°, HO 9TO HeBep-
HO. Tak KakK B yCJIOBUM 3aJ1a9M CKa3aHO, UTO HAOIIOIATETb HAXOUTCA Ha TEPPUTOPUH
Poccniickoit @ejieparuu. [losromy orBeThl ¢ OTpUNIATE/IBHBIMU TIUPOTaMU OyIyT OT-
JIeJILHO MITPadOBATHC.

OtBer. (1): ;1 = 65° u 01 = 45°. (2): o = 45° u Jy = 65°.

Kpurepun oneHuBaHus. 16
PHCYHOK MOSCHSIIOTIHI BAITATIY .+ o o v v vttt e e e ettt ettt e e e e et e e e 2
VTBEPAKJCHUE, UTO B 3AJAUE JIBA CILYTAS « o oo oottt e e ee e e e et e e e e 2
[Iepexo OT 3¢HUTHOTO PACCTOSHUSA HUXKHEH KYJIbMUHAIMHE K BBICOTE ... .......... 2
Haxoxaenue 2 mupoT U 2 CKIOHEHUM . . ..ottt 4 x2
3aIUCH UTOTOBOIO OTBETA . .\ vt e ettt ettt ettt e e ettt e et e e 2
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5. neanbHblilt Mup 16 6as1oB

Henamves B.B.
[Ipencrasbre cebe, aro Bee opouThl 00bekTOB CoTHEUHOl crucTeMbl (GOBITUX MIAHEeT
¥ UX CIIYTHUKOB) HAXOJSTCS B OJJHOI MJIOCKOCTH U SIBJISIFOTCST KDYTOBBIMHE, & OCH Bpa-
HieHust 00'bEKTOB BOKPYT CBOEH OCH HEPHEH MK YISIPHBI 9TO# 110ckocTr. Onpejesnnre
Ha KAKUX MIAPOTaxX 3eMJIM MOXKHO HaOJIIOJATh IOJHOE COJTHEUHOE 3aTMEHHE.

Perenne.

IlepBoe, 9TO HEOOXOIUMO ClI€JIATH - TO BBECTH OIPEJEIeHNe IOJHOIO COJHETHOrO
3aTMEHUs. DTO MOMEHT KOrJia TeHb JIyHbI monajjaer Ha noBepxaHocTh 3emiin. Cieno-
BaTEJHLHO HEOOXOIUMO OIPEJIEINTE MOMIaJIaeT JIU TeHb Ha 3eMJIIO.

SemMiis
Comnre Jlyna

Counre JIyma 3emMs

Omnpegenum auay Tenn JIyHbBI, HCTOIB3YsT MOI00HBIE TPEYTOJIHHUKH:

Ap = O yppr T 7 _ Rg
r RﬂyHbl
o = Alynmr  Ro 1
T R.HyHbI
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Go = QJTypp  1.5-10° — 3.8 10°
R 1 - 6.9-105
RHYH])I 1737

= 377592 = 377600 k™

T =

Camas OJM3Kasl Ke TOUKa, 3eMJIM K TEeHHU OyJIeT Ha 9KBATOPE B II0JICOJTHEYHON TOUKE.
[Tocauraem Ha Kakoil BbICOTE OYJIeT 3aKaHINBATHCS TEHb JIyHBI:

Oy — 7 — Re = 384400 — 377600 — 6371 = 429 xu

CurefoBaTesibHO TeHb He OyJleT JIOCTaBaTh JI0 MOBEPXHOCTH 3EMJIU U IIOJIHBIX COJTHEY-
HbIX 3aTMEHUIl HAOJIIOAAThCsl He OyleT HI Ha KAKUX IIUPOTAX.

OtBer. [IoHBIX COJHEUHBIX 3aTMEHMI HAOJIOJATHCS He OYIeT HU Ha KaKUX IHPO-

Tax

Kpurepunu oneHuBaHUS. 16
[IpaBuiibHast CXeMa COJTHETHOTO BATMEHMIST - « o ..t ve ettt e et e e e e e ee e 2
Paccuer mamHbI TEHU JIVHDI. .. ..o 6
VHUET PABMEPA SEMUIIH - . .« ot eet ettt et et e e e e e e e e e e e 4
MroroBblit BbIBOJL O TOM, UTO T€Hb HE JIOCTAHET JIO HOBEPXHOCTH . . . .ovvee .. 2

ITorosblit OTBET - HA HA KAKKUX IIXPOTaX, T.K. He OYJET IOJIHBIX COJIHEUHBIX 3aTMEHUN2
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6. /IBoiiHasd 3Be3/ia 16 6as1oB

Kysneyos M. B.
J1st HabJrroIeHuit TBOIHOM 3Be3/Ibl UCIOIB3YeTCs Tejeckon guaMerpoM 200 MM, OT-
HOCHTEJIbHBIM oTBepeTreM 1/5 u okyssipom ¢ pokycom 20 mm. KakoB MuHUMaIbHbBIIT
LePUOJL JBOMHOM cucrembl cocrosiieil u3 38e3)] Tuna Cosnia, Ecin rojuunbiii na-
pastakce paper 0.027. Opbut 3Be3s KPyrosbie.

Pemenne. Teneckon nmeer jguaverp 200 My u orHocuTesibaoe orBeperue 1/5. Or-
HOCUTEJILHOE OTBEPCTHE TEJIECKOTIa 9TO OTHOIIEHUE IMaMeTpa K ero (hOKyCHOMY pac-
crosinmio. CreoBaresnnbho, ¢gokycnoe paccrosane papao 1000 mMm. Eciau dokycroe
pPacCTOAHUSA OKYJIsipa paBHO 20 MM, TO YBeJIMUEHUE CUCTEMbI OO bEKTUB-OKYJISIP:

F 1000
I'= — = —— =150 kpar

f 20

Takoe yBesimdeHue MO3BOJISIET PA3PEMIUTh (YBUJIETH MO OTAEJBHOCTH) JIBOHHYIO CH-
CTEeMy, €CJTH YTJIOBOE PACCTOsTHUE MEXK]Ly KOMIOHEHTaM¥ OOJIBINEe UK PABHO

6077
O=—=12"
50
[TockombKy HaM U3BECTHO PACCTOSTHUE JIO JIBOWHOW CUCTEMBI, TO BO3MOXKHO OIpeje-
JINTh MUHUMAaJIbHOE JIMHEeliHOe paccrosinue a. [losiyurm BbipakeHue jijist JUHEHHOIO

PACCTOSIHUST @ MEKJTy KOMIIOHEHTAMHU.
206265 a
r
r — paccrosinue J10 cucreMbl. OHO He JIAHO B YCJOBUH, HO JIaH TOJAMYHBI MapaJiiake
77, Kotophlit pasen 7 = 1/r (nk)). Torma
p77 .r p77 1.2

= = nKk = —— a.e = 60 a.e
206265 77206265 0.02

a

Temepb ocTaics MOCaeTHA FTAI 33J1a49H, TI0 Y2Ke U3BECTHOH mojryocu cucrteMb (60 a.e)
v nostHo# Macce (2 M) onpegenmts epuoga. Camblii mpocToii ¢mocod — 5T0 3arm-
carb TpeTuit 06001eHHbI 3akoH Keliepa, cpaBHuBas JIBORHYIO CUCTEMY C CUCTEMOTT
Comnre-3emirs

TE(My +my) B Cl_?

Tx + 22(M2 + mg) ag
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[10JICTaBUM

T?-2  60°
2.1 13

T = +/603/2 ~ 328 ser

OrBer. MunumaJibhbliii lepuoy, cucrembl cocraut 1 = 328 jier

Kpurepun oneHuBaHUS. 16
Omnpegenernre GOKYCHOTO PACCTOSTHUST TETIECKOTIA, .« o . v v e et eee e e e e e eeee e 2
BepHoe HAXOMKJIEHUE YBEJIMUCHMST « . . oo oottt ettt ettt ettt e e e e e 2
Bepnoe nHaxokjieHrEe YIJIOBOIO PACCTOAHUS KOMIIOHEHT & v oo vvetvreeeeeenenns. 4
BephHoe HaxokjieHUE PACCTOSHUS 10 JBOMHON CHCTEMDBI . .. \\vvvteee e 2
HaxoxxieHne OOJIBIION MOTYOCH CHCTEMDBL. + ot v\ttt e ettt e eeee e ettt e e 2
Haxoxkienue depes yrouHeHHbIN 3-i 3aKoH Keruiepa nepuoja . ................... 4

BcOIII. Acrponomusi. MockoBckasi 001acTh ctp. 11 u3 16



10 knacc MyHuiunaJabHbIi dTan 15 mos16psa 2023

7. Tpan3ut ropsgdero FOnurepa 20 GaJutoB
Henamves B. B

Ilepes Bamu Kpuasi 6Jjiecka 3Be3]1bl aHaorudHOi COJIHILY, BOKPYT KOTOPOIl Bpailia-
ercst ropsiunii FOmmrep ¢ nepuogom 10 greit. Onpenennre macmTabbl 0obenx oceir
rpacduka. Oupeennre, BO3MOXKHO JU O0OHAPYKHUTH 3Ty ILJIAHETY METOIOM JIyUIeBbIX
ckopocreii co criekrporpadom ¢ paspemntenne 10*. Paccrosinne 110 38e3/161 20 11K.

A

—_

OTHollleHre TTOTOKOB
CHULhUIrOd B@Hﬁgaag

\

5 10 15 20 25 30 35 40 45 507

Bpewmsi, ycjoBHbBIE €JIMHHUIbI

[TocTpoenne m u3MepeHUsT MOYKHO TPOBOJIMTH MPSIMO Ha YCJOBUM 3ajadu. JIucr c
yCJIOBUEM 00si3aTe/IbHO cjaiite BMecte ¢ pereHusimu. Macca n pajiuyc ropsiiero
FOnurepa B3sTh paBabiM pajuycy FOmurepa.

Permenne.

Ha rpaduke nzobpakena Kpusas OJiecka 3B€3/Ibl, Ha KOTOPOH MOKHO 3aMETHUTh I1a-
Jenue Ojiecka 3Be3/bl. OHO NMPOMCXOAUT M3-3a TPAH3UTA, IJIAHETHI 110 JUCKY 3BE3-

JTbL.

[To bopmyiie [Torcona omnpejiesinM OTHOILIEHUE OCBEIIEHHOCTH 3B€3/ibl B MOMEHT TpaH-
3UTa U OCBEIIEHHOCTU OT 3Be3Jibl 0€3 TPAH3UTa IKBOIJIAHETbI:

E

— 10—0.4Am
EStar

Nz JAaHHDBIX IIO0 OTHOIICHWIO PaIMyCOB 3K3OIIJIAHETBI WM 3BE3Jbl MO2KHO OIIPpEAEJINTD
OTHOILIICHUE IIOTOKOB M IaJICHUE OJ1eCKa 3BE€3/1bI. Tak kak IIpyn TpaH3UTE IOJisd Ha-
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OJTI0/IaTENI JacTh 3BE3/IbI 3aKPhIBACTCA JINCKOM TIJIaHETHl. BhIpasuM OCBEIEeHHOCTD
3B€3/Ibl 11PO TPAH3UTE:

2 2 2
— LiStar * S— — LStar - R2 = Fgtar - | 1 — R2
Star T Star Star

HO,ZLCT&BIIH?I N3BECTHBIEC BECJINMYNHBI

E R? . 720002

— -1 _
7000002

— — = 0.989
ES R%’tar

A najienne OJecKa 3BE3/bI COCTABUT

E
Am = —2.5log = 0.012™

S

3Be3Has BeJINUNHA, 3Be3)Ibl BHE TPAH3UTA IK3OIJIAHETHl HAM [TOKa, TaK>Ke He U3BeCT-
Ha, HO €€ MOXKHO OIPEJICJINTh

M—m=5—>5logr

Orcrona
m=M—5+>5logr

HO,[LCT&BJIHH N3BECTHbLIE BbIPAXKCHUW A

m =4.8—5+5log20 =6.3"

Takum obpazom, MaciiTad 110 BEPTUKAJIHHBIM OCSIM:
A. Tlorok. Bue tpansura 1, npu Tpansure sk3omianersr 0.989
B. 3esjnas Besmmauna. Bue tpansura 6.3, npu tpansure 6.312™

Teneps omnpegenum macimTad 1o ocu BpemeHu. C rpaduka MOXKHO CHSITH JIBa Xa-
PAKTEPHDBIX 3HAYEHUsT BpEMEHU — t1 U t9. PUCYyHOK 2 MO3BOJISIET MOHSITH CMBICT 3TUX
BPEMEH:

e t; — 9TO Bpewms, 3a KOTOPOE IJIAHETa 3aXOJUT Ha JMCK 3BE3JbL. 3a 3TO BpPEM:
OHa CJIBUTACTCS OTHOCHTEJILHO 3Be3JIbI Ha paccTostre D — muameTp IIaHeTHhl.
OHO HAYMHAETCS ¢ MOMEHTa, [IEPBOI0 KacaHus JIMCKOB (B TEPMUHOJIOIMH 3aTMe-
HUI — [I€PBbIil KOHTAKT) ¥ 3aKAHIMBAETCSI MOMEHTOM, KOIJIA [JIAHETA IOJTHOCTHIO
3alll/Ia Ha, JIMCK 3Be3Jibl (BTOPOl KOHTAKT).

BcOIII. Acrponomusi. MockoBckasi 001acTh cTp. 13 u3 16



10 knacc MyHuiunaJabHbIi dTan

15 Hos16psa 2023

e 1o — 3TO BpeMs, 3a KOTOpOe ILIaHeTa MPOXOJUT IO JHUCKY 3Be3jbl. Vam Bpems

MEXKAY BTOPBIM M TPETHUM KOHTAKTOM.

Puc. 2: Cxema nOKpbITHA

CuumMmem 3Havenus ty ¢ rpacduka. B MoMmenT, Korjga Bech NUCK IJIAHETHI 3alles Ha
JIACK 3Be3/IbI — 27 YCJAOBHBIX eauHuIl. MoMmeHT Hadaja BbIXoJa - 44 yCIOBHBIX €/1H-

HUIIbI.

BoipazuM CKOpOCTb IJIAaHETHI Yepe3 OOJIBIIYIO MOJYOCh U BpeMsi to. 371eCh MPEeJIo-
jlaraeM, 4TO TPAEKTOPUIO TJIAHETHI MOXKHO CUUTATh NpsMoii. st oderb OJM3KUX

IIJIaHET MHOT'/Jla Pa3yMHO CHUTATL, YTO IIJIaHETa JBHU2KETCsA 110 AYyIC.

Vo — GM@ _ Q(Rstm‘ - R)
2 a tg
fo — Z(RStar - Rpl)
9 = "

OnpesiesiiM 3HaUYEHHE CKOPOCTHU ILTaHEThI vo. [IO yecjmoBum 3ajiauu U3BECTHO, UTO
nepuos obparnenust mranersbl 10 JHel, a Macca 3Be3/bl paBHa 0j1HOi Macce CoJiHIa.
Eciu Mbl cHagaJia BbIpa3uM II0JYOCh OPOUTHI IIJIAHETHI, TO IIOTOM CMOXKEeM HAUTH U

3Ha4Y€HUE CKOPOCTU.
T2 a3

a2~ GM

[Tonyuaem a = 0.09 a.e. Torma cKOpocTh IIaHETHI

2Ta
Vg = ——

= 98.1 km/c
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Torma
2(Rstar — R 2(700000 kM — 72000
ty = (Rst ) _ 2 e KM) _ 19 800 cex
() 98.1 km/c
A
46.07
= 1 ‘ ‘ 8.5
X ‘ ‘ 2
@] I I I
= : : =
= ! ! gma
= 9696 4411/ -
@.989 [~ - ——+ -1 8.512'8
= L Lo =
@] o [ s
O 1! i1, .
- -
5 10 15 20 25 30 35 40 45 50V

Bpewms, ycioBHbBIE €UHUIIBI

Takum obpaszom, B 44 — 27 = 17 ycioBHbIX ejgunuil nmomectusoch 12 800 cekym,.
Tornma oyHa ycioBHas eUHAIA BPEMEHH COCTABJIACT 753 CEKyH/IbI.

Oreernm Ha mocsenunii Bopoc 3aga4un. CrekTpaJsbHoe pa3perienne crekTporpada
R = ﬁ = 10*. Hasaiire pasbepemcst, uro takoe AN B jannoil 3agade. Lopsauit
FOnurep jmBuraercs BOKpyr 3Be3sibl 3a 10 jaHeil, HO Mbl He mosydaeM curHas (¢o-
TOHBI) o7 ropstuero FOmmrepa, a nojiydaeM CUrHAJ TOJBKO OT HEHTPAJIbHO 3Be3)1bl,
BOKPYI' KOTOpOil Bpaliaercs IiaHera. Ecin ObITh 6ojiee TOYHBIMU, TO U ILJIaHETa,
U 3Be3Jia BpalllaeTcss BOKPYT IeHTpa Macc. [Ipu 9ToM 3Be3j1a HAXOJUTCs OT IEeHTPA,
MaCcC Ha PACCTOSHUU 71, KOTOPOE MEHbBINEe PACCTOSTHUS Ty (OT IMJIAHETHI JIO MEeHTPA

Macc) Ha BeJWIWHY paBHOE OOPATHOMY OTHOIIEHHIO Macc.

ST Mpl
) V2 MS

Tax>ke, 3Has OTHOIIEHUE PACCTOAHUI, MOXKHO OIPEICJUTH OTHOIIEHUE CKOPOCTEi
3BE3JIbl U IIJIAHEThI IPU UX JIBU2KEHUU BOKPYT IIEHTPa Macca.

BanuieM 3aK0H JIOIIepa JIJIsT 3Be3 bl

A/\_Ul

A c
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Tenepb BbIpasuM vy 9epe3 vy U OTHOIIEHHE MaCC

AN . V2 Mpl

A c M,
JleBasi yacTh BbIpa)keHusi paBHa OOpaTHOI BeJIMUYMHE paspernialolieil crocoOHOCTH
cuexktporpacda R. Ilepenumem Boipakenue Jijst R

c M,

R =
(%) Mpl

Bbraucium 1paBylo 4acTh BbIpayKEHUsi U CPABHUM €€ C JIEBOW 4acTblO U 3HAUYEHUEM
10*, KoTopoe JaHO MO YCIOBHIO.

¢ M, 300000 km/c2 - 103 kr 30001000

= = =3-10°
vy My 98 km/c  2-10%7 kr 1 1

Takum obpazoM, 4TOOBI OOHAPYKUTH, UTO 3BE3Jla BPAIaeTCs BOKPYT IEHTPa Mace
13-3a, TOrO, YTO BOKPYT HEe BPAIAeTCsl rOpAIril jomurep ¢ nepuojgoM 10 e, Hy»x-
Ha paspelIaomas crnocobHocTs crekrporpada 3 - 10%. A co cnexrporpadom ¢ pas-
peraoneil crocobnocrbio 10* 06HAPYKNTH IUIAHETY B 9TOH 3BE3JHON CHCTEME He
yIaCThCA.

Orsert. Ilagenne noroka — 0.989, manenune 6ecka 0.012, BugumMmas 3Be3/1HasT BEJIN-
yuHa 6.3™, maciiTab 1Mo ocu BpeMeHU 793 CeKYHJIbl B YCJIOBHOIN €JIMHUIE BPEMEHH,
JIAHHOTO pa3perieHns creKTporpada s 0OHAPYKEHUS MIJIAHEThI HEeJIOCTATOTHO

Kpurepun onneHuBaHNS. 20
Dopwmy.ia [Torcona jijisi OCBENEHHOCTH BO BPeMsl TPaH3UTa/BHE TPAH3UTA . . . . . .. .. 2
Onpenenenne najeHne MOTOKA MK OTHOCUTEIBHBIA TTOTOK . ..\ vvureeeenenann.. 2
Onpejiesienne najeHust 6JIECKA IPU TPAHBHUTE . ..ottt e et e e et e eeeeeeenne s 2
Onpeesienre BUIUMON 3BE3/IHON BEJIUMUNHBI BHE TPAHSUTA, . ..o o ovvveeeeneeenn .. 2
CHsTHe JAHHBIX JIJId BpEeMeH to UJIU 1 B YCIOBHBIX €JIMHUIIAX « o' vvvreenrnennn.. 2
BoipaskeHue jijist Juana30Ha, BPEMEHU to VJTH £1 . ..o et e et 2
Onpeniesienre MacIITA0A 1O OCH BPEMEHI . . « v\ vt e ettt ettt et eeeeee e, 2
Sanucannas GopMmyJia JIJsi CIIEKTPAJBHOTO pasperierust crekTporpada . .......... 2
3amnuch 3aBUCHUMOCTH MEXKJIY CKOPOCTSIME ILIAHETHI U 3BE3IIBI . oo oo vvvveeeeeanns. 2
OrBer, 9TO CIEKTPAJHLHOI'O PA3PELICHUS HEJOCTATOUHO . o v \vv v e veve e eeiee e 2

BcOIII. Acrponomusi. MockoBckasi 001acTh cTp. 16 3 16



