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Pemenus 3zamau
OTKpBITOIT MeXKPErmoHaAJbHON OJIMMITAAIbI
o actpoHnomuu nmeHu ®.A. BpeauxuHa

10-11 kaacc

Ne 1. «Ocrnosnovie 30Hbt 8 meae Coanua u ux ceoticmaar

Ycaosue. Ha puc. 1 npesncrasiena cTpyKTypa
CouHila ¢ yKasaHueM ero OCHOBHBIX 30H (0e3 coxpa-
Henust Macirabal). B tabs. 1 jaHbl HazBaHWs STHX
30H (06stacreii). OTBETHI HA BOIIPOCHI [IPEJICTABBTE: B
nyukrax Nel mapamu: (tudpa, 6yksa); B mynkrax Ne
2-5 — OyKBOIl WM HA3BAHUEM TEPMUHA, U3 TaOJIHUIIBI,
B riyHKkTe NG — [eJIbIM IUCIIOM.

1. YcraHOBHTE COOTBETCTBHE MEXKJY OCHOBHBIMIE
sonamu B resie CosHna (oTMedeHHbIME U paMu Ha
puc. 1) u ux HazBannsMu (IIpe/ICTaBIeHHBIME B TabJI. 1).
(1 a1 3a KayKLy10 NPABUILHO HA3BAHHYIO HApY )

2. Kakme u3 mpescrasieHHBIX 00JacTeil B Teje
Coumna cocrasiistior ero armocdepy? (1 6asur 3a Kax-
JIyIO IIPABUJILHO HA3BAHHYIO 30HY )

Puc. 1. K onpenenenuto crpykrypsl CoJtHIIA.
3. B kakoii obiacru CosiHia HaxoauTCss OCHOBHOMN ucTodHuK sHeprun CosHedHON cucrembl?! (2
Hasia)

4. Kakaa ob61actb B Tese CoHIA MMeeT HAUMEHBIIYIO IPOTSKEeHHOCTL BJOJIbL HallpaBjeHus "oT
nenrpa Cosnna"? (2 6asuia)

5. Ha rpanunie kakux JByX obJiacTeil pacrojaraercst maxroxaur — obaactsb B Teje CoJiHIA, KOTO-
past CYUTAaeTCsl OTBETCTBEHHOMN 32 TeHEPAIUIO ero TI00aIbHOr0 MarHuTHOrO 1oJist? (2 GaJuia)

6. Ornennre CKOPOCTH BBIXO/A (B KM/C) dacTuil coJHeIHOro Berpa u3 dorocdepsr CoHIa, ecin ux
cKopocTh Ha opbute 3emim cocrasiser Vg = 400 kMm/c. Cregyer caurarh, 9TO U3MEHEHHE CKOPOCTH
JacTUIl 00YCJIOBJIEHO JIUIIb UX MPABUTAIMOHHBIM B3auMogeiicreuem ¢ Cosanem. (3 Gasia)

A) Tlepexouusiit cioit || B) Jlyuucras 3ona B) Xpomocdepa I') KonsekTupHast 30-
Ha
1) Anpo E) Kopona 7K) ®orocdepa -

Tabsuna 1. Haszsanus ocHoBHbIX 30H B Tese CosHIA.

Pewenue. 1. llmeem ciemyiomniue napbr:

Ne sji-ra | HazBanue ITapa || Nesjs-ra | HaszBanwue ITapa
i Tapo (1) @ |5 Xponoccpepa (B) 5, B)
2 Jlyaucras 3ona (B) (2,B) | 6 ITepexommbrit coroit (A) (6, A)
3 Konsekrusnas 3ona (I') | (3,) || 7 Kopona (E) (7, E)
4 Dorocdepa (2K) (4,2K) || - - -

2. Armocdepy Cosnna cocrasisiior 4 BHerHue obsactu:  gomocdepa (2K,4), xpomocgepa (5,B),
nepexodnviti caot (6,A) u xopona (7,E).

3. OcHoBHBIM HCTOYHUKOM Heprun B COJTHEUHOI crucTeMe Ha MPOTSXKEHNN MUJIIAAD/IOB JIeT sIBJIsi-
I0TCsI TepMOsijiepHbIe peakiu, nporekaorue B adpe (1, 1) Comnnna.

4. Qomocgepa (7K,4) nMeer HAUMEHBIILYO IPOTSZKEHHOCTD BJI0JIb Hanpassenust "or rnerrpa CoH-
na", cocrapisrontyto mo pasabiM oreHkaMm 300 + 900 kM.
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5. Ha rpanune aywucmot (2,B) u xonsexmusnoti (3,I') 30u pacuosaraercss marokauH — 061acTb
B resie CoutHIla, KOTOpAasi CINTACTCsl OTBETCTBEHHOM 3a TEeHEPAIUIO ero [JI00aJbHOI0 MAIHUTHOTO OIS

6. Bocrnonb3zyemMcsl 3aKOHOM COXPaHEHHd MeXaHMYeCKOIl dHepruu Jijis YaCTUIbI MACChl 17, COJIHeY-
HOI'O BeTpa:

V(% Gmpfm@ VQ% Gmpm@ 1 1
S IO gy, 0 TR0y = V242G (o — —
P 2 %Q P 2 ag ’ © @+ © 9‘{@ ag

= 735 xm/c.
B mocremnem Boipazkenun Me, Re — macca ComHna, ag — OObINAS TOIYOCh 3eMHON opouTs, G —
YHUBEPCAJIbHAS IPABUTAIIMOHHAST ITOCTOSTHHAS.

Pexomendauyuu das orcropu.

BeinosiHeHHas 9acTh penieHus 3a0a49u Basn
[IpaBusibHO ompe/iesieHa napa — (HOMep 30HbI, HA3BAHME ) 1(7)
[IpaBuabHO OmpeseeHO Ha3BAHUE OIHON M3 30H aTMOChephl 1(4)

KoppekTHo oripejiesieHa 30Ha, B KOTOPOil paciiojiaraercsi ocHOBHON uctodnuk Coji- | 2
HEYHOI CHUCTEeMBbl

JlaHO npaBUJIbHOE HA3BaHWE 30HBI, UMEIOIIEl HAMMEHBIIYIO TPOTSXKEHHOCTh BIIOJb | 2
nanpassienusi "ot mearpa Cosara

HpaBI/IJIbHO Ha3BaHbI /JIB€ 30HbI, Ha 061116171 I'paHune KOTOPBIX PACIIOJIOZKEH TaXOKJIMH 2

C HCIIoIb30BAHNEM 3aKOHA, COXPAHEHUS SHEPIUU MOJIyUeHAa KOPPEKTHAas OIEHKA Bbl- | 3
X0J1a 9acTuIlbl 13 poTocdepnl

Ne 2. «Sproe mpuo Coareurnotl cucmemsly

Ycaosue. Ha puc. 2 npejcrasiena gpororpadus-kosutaxk JIyasr u aByx mianer-rurantoB CosrHed-
HOl CHCTEMBbI, MOJIy9YeHHas YKUTEJEM CEBEPHOro reorpaduyaeckoro mnojytiapus. OTBeTbre Ha CJIeIyTo-
e BOTIPOCHI:

1. B kakoil KoHbHUrypanuu paclo/araich IIaHeTh-TUTAHThl B MOMEHT CbEMKH, €CJIX YTOJI 3JIOH-
rarn JIyner orrocuresnsno CostHia B 9T0T MOMeHT Obll paBeH Towno 90°7 (2 Gasa)

OcHoBHBIe KOHDUTYpAIIK KIaccuieckux 1jiaHerT COJIHETHOW CHCTEeMbI

A) Bocrounas ssonra-
oy

B) Bepxuee coenune-
HUIE

B) IIporusocrosinue

I') Bocrounas kBaji-
parypa

) Bamajuasi s/0Hra-
st

E) Huxnee coeune-
HUe

2K) Coeunenne

3) Bamajnasi KBajpa-
Typa

2. Ouennre jiHeiHOE paccTosinue (B aCTPOHOMUYIECKHX eauHuIax ) Mexk ity FOmurepom u CarypHoM
B MOMEHT CheMKH. (3 Gasiia)

3. Onenure JATy CHEMKH, €CJIHM YIVIOBOE PACCTOsIHHE MeXKJy IulaHeramu B MoMmeHT (21.12.2020)
IX BEJIMKOIO COeIMHEHHs" COCTABIIIO 6 yrIoBbIX MUHYT. OPOHTEI BCEX KJIACCHYECKUX IUIAHET U JIVHDI
CUUTATH KPYTOBBIME U JIEXKAIMMEI IPUOJIN3UTENHHO B OJHOI 110cKOCTH. (6 Gasuion)

4. Onenure jgarsl nporusocrosiuii FOmurepa u Carypua B 2020 romy. (6 6a1108B)

5. OneHnTe MUHUMAJIbHBIA [TPOMEXKYTOK BPEMEHU, Uepe3 KOTOPBIA MOBTOPSIIOTCS TaKue BEJIUKUE
COEJIMHEeHNUsT YKA3aHHBIX [JIAHET-IUraHToB. (3 OaJsuia)

Pewenue. 1. OueBuino, Jlyna samedariieHa YKUTEJEM CEBEPHOIO reorpadUUIecKoro MOJIyIIapus
B daze mepsoit weTBepTu. B ykazammuoit daze Jlyma, kak mpasmio, BuaHa mocse 3axoma Comnma u 1o
nosryaoun. [lockosibky Ha dororpadun s3amnedarieHo TecHoe conuxkenne JIyuol, Carypua u FOmurepa,
3HAYUT IJIAHETHI-TUTAHTHI TaK »Ke KakK W JIyHa JOJKHBI ObLIM OTCTOSITH OT HalpaBjeHust Ha CoJiHie
Ha 90°, 94TO COOTBETCTBYET (C y4eTOM MX BPEMEHU BUIMMOCTH) UX BOCTOYHON KBaJparype. (2 Oasia)

! Beauxoe coedunenue — coequuenne mianer IOmurepa n CarypHa, KOrJa BUIEMOE HOJOKEHHE STUX JIBYX ILJIAHET
Ha HebecHol cdepe Hanbosiee OJIU3KO JAPYT K JIPYTY.
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Puc. 2. Jlyna u mianerb-ruradnTbl COJTHETHON CHCTEMBI.

2. [TockosIbKY yIVIOBOE PACCTOsIHEE MEXKJY IJIaHeTaMu 9y Th Gosibiie 1° (3ror dakT Gyer nojarsep-
JKJIEH B CJIEJLYOIIEM IIyHKTE), TO MOXKHO [OJIaraTh, YTO 9TH IIAHETHI JIeXKaT Ha OJHON 1psimoii. (1 6aswr)
Toryia HCKOMOE PACCTOsTHUE MeXK/Iy ILJIAHETaMU B MOMEHT CheMKH MOYKHO OIEHHUTh Kak (2 Gasiia)

Ajg— \/a% - \/ag — a2 =438 ae, (1)

3JIECh ag, J, g — pajuychl Kpyropeix opout Carypua FOmurepa u 3emiin cOOTBETCTBEHHO.
3. OmpemennM 1o PUCYHKY JUHEHHBIH muamerp JIyuel d¢ = 49 MM 1 paccTosiime MezK Ty TLIAHeTAMN
BioJib npsamoit «FOmmrep-Carypuy — dyrs = 137 mm. Torma yrioBoe paccrostHre MKy ILJIAHETaAMU

cocrapsier 3uadenue (1 Gaswr):

d¢ — Dg, dys dss\ Rc / /
Uig=D¢ | =— | =2 438" = 2
{ dJS—>\I’JS }’ = JS (( <d(( ) <d(( aq X 3438 = 869, ( )

ziech D¢, R, aq — yrioBoit puamerp JIyHbBI ¢ O3UIUN 3eMHOI'O HAOJIOATE IS, €€ JIMHEHHbIN Panyc
U paanyc opOUTHl COOTBETCTBEHHO.

Jlaiee orpeiesiiM yriioByIO CKOPOCTH BUIUMOIO JIBUKCHUS ILJIAHETBI-TUTAHTA B OKPECTHOCTH €€ BO-
crouHOi KBajparypsl. st aroro paccMorpum puc. 3.a), COOTBETCTBYIOININI YCJIOBUIO JAHHON 3a/1a4u.
OueBu/IHO NePIeH MK YJIsIPHAs K JIy1y 3peHHsl (C TOUKH 3PEeHMs 3eMHOI0 HAOJII0/IATeIsT) COCTABIISIIOIIAs
CKOPOCTH IIJTAHETHI OTHOCUTEIBHO 3eMJIN OIPeIe/IAeTCs TOJBKO MOJyJIeM ee OpOuTaabHoil ckopocT V),

a2_a2 2
VLZVpcosa:UGm@\/p v Goe 1—<aﬁ> . (3)
ap ap ap ap

TOI‘,IL& y1jioBasi CKOPOCTb BUJAMMOI'O JABUZKEHUA IIJIaHETBI €CTh 1 6aJUI

" YTJIOM:

G

(4)
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Puc. 3. K onpejenennio: a) yrioBoii CKOPOCTH BHJUMOIO JIBUZKEHHsI [IJIAHETBI-TUIAHTa B OKPECTHO-

CTH €ro BOCTOYHOII KBaJpaTyphl; 0) B3AMMHOI'O PACIOJIOKEHNS IIJIAHET B MOMEHT CHEMKH W BEJTHKOIO
coesmuenust (orHocuTenbHo CarypHa).

IOmurep n Carypn JBIZKYTCS B OJHOM Hampasienuu, npu stoMm HOunrep poromsier Carypu. Coeso-
BATEJIHO YIVIOBasi CKOPOCTH (B YIVIOBBIX MUHYTaX B CyTKH) BHIMMOIO COJIMZKEHUsI [IJIAHET-TUTAHTOB B
MOMeHT cbeMku Oyzer (1 Gasur)

GMg, GMy
B 3

3

=298 . )
. 3 feyt %)

Wjs =Wy —WwWs =

[TockombKy OpOUTHT BeeX ILTAHET JIEYKAT B OJTHON IIJIOCKOCTH, TO OUEBHUIHO BHANMBIH myTh FOmmrepa
otHOCcuTe/IbHO CaTypHa 10 HeDOCBOLY OYIET IpsiMast, COCTABJIAONIAS MAJIbIi yroJ1 ¢ mpsimoit "FOmurep-
Carypu" (B cuity HecoBraJeHusl OpOUT IUIaHeT B jeficTBuTesibHOCTH, prc. 3.6). CileoBaTesbHO nMeeM
JIEJIO C IPSIMOYTOJIBHBIM TPEYTOJIbHUKOM B BepHIMHAX KoToporo Haxopurcs (Jp) FOmmrep B MomeHT
cvemku (ornocurensuo Carypua), (S) Carypn, n nosnoxenne IOmurepa (J2) B Moment Besnkoro co-
eJIMHEHVs1, IPK 9TOM cTopona SJ1 6yser runorenysoit. Onpesennm karer JiJo 110 Teopeme [udaropa (1

6awn):
o=JiJy = /U2 — W2, =86.7.

CJIG,ZLOB&TGJH)HO BpeMd, IIpolieaniee OT MOMEHTa CbEMKH /IO MOMEHTa BEJIMKOI'O COCJIMHEHMA IlJIaHeT-

rUranToB, ectsb (1 Gaswur)
o

T=—=29.1cyr (6)
wJs
Buaunr cbemka Obuia BbiosiHeHa 21-22 nHosibpst 2020 roga (OTBET HPEJICTABJICH JUMAIIA30HOM JAT, B
CHJLY TIOTPEITHOCTEH M3MepeHuii [0 PUCYHKY 1 O1M30cTH T K Tejaomy uduciy). (1 6aswn)

4. BameTnM jaJjiee, 9TO IJIaHEeTHl OTHOCUTEHHO IEHTPa BUIUMOTO JUCKa JIYHBI pACIIOJIOXKEHBI CM-
METPUYHO, TO €CTh IPUOJIU3UTEIBHO Ha OJIMHAKOBOM YIVIOBOM paccTosHuu. [10CKOJIbKY OpOUTHI Beex
TeJT JIeXKaT MPUOJIN3UTEIbHO B OJIHOM IIJIOCKOCTH, CJIeJ0BATEIbHO BCe PACCMATpPUBaEMble TeJIa JIBUXKYT-
cst B OJTHOM HarpasjeHun Biojb npsmoin "FOmurep-Carypu". OneHnM npoMeKyTKI BpEMEHU, KOTOPbIE
OTJIEJISIFOT MOMEHT ChbeMKH OT MOMEHTa MX HPeObIBaHUsI B BOCTOUHOI KBajparype (2 Gasuia):

Vs Vs

T) = —— =8T7cyr, Tg =

= — =217 .
2(,()J 2w5 yE

Samernm, uro KOmurep yrke Mpoliesr CBOIO TOYKY BOCTOYHON KBajparypbl, a CaTypH — elle He JIOCTUT
ee.

OrnpeiesiuM fajiee IpoMeXKy TKH BpeMeH, OTIeJISONINe MOMEHTBI IIPOTUBOCTOSIHUI IIaHET-TUTAHTOB
0T MOMEHTOB X IpeObIBaHUsSI B BOCTOYHOI KBajparype (2 6asia):

90° — oy arccos(ag/ay)
Aty=8——==8————"—==
7= 5 600 7 3600

= 87.4 cyT.
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90° — ag arccos(ag/ag)
Atg = Sg———= = Sg—— ———=
S =05 500 53600

TOI‘,IL& HNCKOMDBIE€ JaTbhbI HpOTI/IBOCTOHHI/IfI IUIaHET-TUTaHTOB IIPEACTAaB/IAIOTCA TaK (2 6am1a)

= 88.2 cyT.

Ty =21.12.2020 — 7 — 77 — Aty = 21.12.2020 — 125.2 cyr = (17 =+ 18).08.2020. (7)

Ts = 21.12.2020 — 7 + 7 — Atg = 21.12.2020 — 95.6 cyr = (16 < 17).09.2020. (8)

B neiicreuresbrocTu, B 2020 romay nporupocrosinue KOmurepa mpousoniio 14 uroJist, a IpOTHBOCTOSTHIE
Carypua — 21 wutosisi. CTOJIb 3HAYUTEIbHBIE PACKXOXKJICHUST MEXK/Iy HACTOAIIUM ITPOTHO30M U UCTUHHBI-
MH 3HAYEHUSIMEU OODBSICHSIOTCS JIUIIb OJHUM (DAKTOM: JTAHHOE N300PAYKEHHE SIBJISETCS KOJLIaYKeM, B
KOTOPOM OBL/IM COBMEIIEHbI 00Pa3bl HEOECHBIX TeJI B JEHCTBUTE/IHLHOCTU HE HADJIIOMABIIHECS HA TAKUX
B3aMMHBIX YIJIOBBIX paccrosuusx B 2020 roy!

5. Takue Besiukne coequnerns: FOmmrepa u CarypHa, HaOJIOHaeMble ¢ 3eMJIH, BO3MOXKHBI, KOIJIa 3TH
[JTAHETHI PACIOJIOZKEHBI BOJIM3U OJIHOI IPsiMOii, tipoxossiteii depes rienTp Cosnna (1 6awn). OueBuHo,
Takast KoHdUrypanus OyJeT IIOBTOPATLCsI Yepe3 UX CHHOAUYeCKUil nepuos (2 Gasuia):

1 1 1 T;T,
- — = SJS:Jis:19.86 JIET. (9)

Pexomerndauuu 0as HCropu.
BrimostTHeHHas1 YacTh pelieHusl 3a0a49u Baan

Onwupasich Ha 00pa3 JIyHbI, KOPDPEKTHO olpe/iesieHa KOH(MUTYypalys, B KOTOPOil pac- | 2
IIOJIATAJIACH TIJIAHETHI-TUTAHTHI B MOMEHT CheMKH

SBHO yKa3aHO Ha MAJIOCTD YIJIa MEXK 1y HAIIPABIEHUSIMU Ha ILJIAHETBI-TUTAHTHI C TOU- | 142
KU 3PEHUsSI 36MHOI'0 HaOJIIoJIaTeis + OoJIyueHa KOPPEKTHAs OIEHKA JIjis JIMHEHHOTO
paccrostaust Mexx ity FOmurepom n CarypHom

[Tosryuena KOppekTHAasT OIEHKA YIJIOBOTO PACCTOSIHUST MEXKTy Iutaneramu-ruragramu | 1+1-+1+1+
+ {BHO aHaJIUTUYECKOE BbIparkKeHue /I YIVIOBOH CKOPOCTU BUJIUMOIO JiBMzKeHHs | 1+1

IJIAHETHI B KBaJIpaType -+ BBIYHUCIEHA YIJIOBas CKOPOCTH OTHOCUTEBHO JTBUKEHUS +
[IOJIy9€HO YIJIOBOE PACCTOSHHE, KOTOPOe JOJKeH mpoiitu FOmurep 110 BEJIUKOTO CO-
€JIMHEHNS+ BBITIOJIHEHA KOPPEKTHAs OIEHKA OCTABIIEroCsd BPEMEHU JI0 BEJUKOTO CO-
eJINHEeHNs + OIpeJiesIeHa JIaTa ChbeMKH. [lorpennocTs nToroBoro pesyabrara: £2 cyT

[Mosy4yena KOppeKTHast OIEHKA IIPOMEZXKYTKOB BPEMEHU, OTJIEJISAIONNX MOMeHT cbeM- | (1+41)+(1+1
k1 oT MoMenTa npebbiBanust (FOnurepa+Carypha) B Bocrounoil kKBajgparype + Bbl- | +(1+41)
YHCJIEHBl IPOMEXKYTKU BpeMeHu Mezk ity nporusocrosiausivu (FOnmrepa+Carypha) u
UX BOCTOYHON KBaJApaTypoil + 1aTbl HIPOTUBOCTOAHUN IIJIAHET (}OHHTepa+CaTypHa).
[TorpermmocTs UTOrOBOrO pe3yJibrara: +5 CyT

fBHO yKazaHO yCJIOBHE HAOJ/IIOMAEMOCTH BEJUKOIO COEJIMHEHUsi + omnpejieser mupo- | 142
MEXKYTOK BPEMEHHU, Uepe3 KOTOPBIIl MOBTOPSIOTCS BeJUKHE COeJIMHEHUs IIJTaHeT-
TUTaHTOB

Ne 3. «Odunoxui "Baacmeaun xoneuy"»

Yeaosue. Tlpemmonokum, ITO B pe3y/ibTare HEKOTOPOro KaTacTPOMPUIECKOTO COOBITUST BCE KJIac-
cuveckue miaHeTsl, KpoMe Carypra, nmokuayn COoMHEUHYIO cucTeMy 6e3 UCIOIb30BAHUS NCTOYHUKOB
SHEPI'WH, pacrojioykeHHbIX BHe CosiHeuHol cucreMbl. Ompeenure:

1. Pajuyc nHosoit opburer Carypha -+ nepuog ero obpaiienusi Bokpyr Cosana. (6-+2 6asuia)

2. B KakoM HampaBJeHHH IIPU TOM IepeMecTuicsa 1eHTp macce cucrembl «Cosmnne-Carypa» 110
OTHOIIIEHUIO K MaTepUHCKOM 3Be3ze? Buyrpu mim Bae Tesia CosHia OyerT paciosiaraTbes IeHTP Mace
cucrembl nocsie Karactpodoi? (143 Gasuia)

3. Bo ckosbko pas B pesysbrare KaracTpodbl U3MEHUTCH BEPOATHOCTDH HPUHIUINAILHON BO3MOXK-
HocTH OOHapyzkeHusi CarypHa TPAH3UTHBIM METOJIOM (B Cjlydae IEHTPAIbHONO TPAH3UTA) C [MO3UIIUH
IUIOTeTHIeCKOro HabJoaresisi, paciuosiokensoro suaau ot Cosnevnoil cucrembl? (5 6aiion)
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4. KakoBa MakcuMaJjbHasi BEPOSITHOCTb PETUCTPAIME IIeHTPaJbHOro Tpansuta CaTypHa Mo JUCKY
CousHna Ha HOBOil OpOMTE B JAHHBLIH MOMEHT BPEeMeHM Hab/IoJaTeieM, JIJis KOTOPOIO BBIIOJIHAETCS
YCJIOBUE NIPHHIUIINAIBHON BO3MOXKHOCTU ero perucrparuu? (3 Gasia)

OpbuThl BCeX IUIAHET CIYUTATh KPYTOBBIMU. MeKIJIAHETHBIMEI B3aUMOIEHCTBUSIMU CJIJIyeT IIpeHe-
Opeub. Biiusinuem KoJier Ha siBJICHHE TPaH3UTa PEHEOPEUb.

Pewenue. 1. Ilockonbky Bee mnanersl CoTHETHON CUCTEMBI N3HAYAIBHO ABUTAIUCEH 110 KPYTOBBIM
opbuTam, TO sl KazKJI0il crpaseyiuB BTopoil 3akon Hbiorona (1 Gasw):

VE_Gmm, VP GM

)

(2
7 r2 2 2r;

, tme i =1,...,8, (10)

37ech m;, Vi, ri — Macca, CKOPOCTh, PAIYC OPOUTHI i-i KJIACCHIECKOH MIaHeThI COOTBETCTBEHHO, Mo —
macca Cosaila, G — yHUBepcaJibHasl TPABUTAIMOHHAST TIOCTOSTHHAS.
[Monnast Mexanuyeckasi dHeprusi i-it miaxersl ectb (1 6aswn)
V2 G m; WI@ G m; WI@

EA: R 2 = ‘:1...8. 11

Yro0b! i-ast mraHeTa Morja MOKUHYTH COHETHYIO CHCTEMY, HEOOXOIMMO UTOOBI €e IOJIHAsl SHEPIUst
ObLTa HeoTpunareabHO. CieoBaTeIbHO, B IIPEJIEIBLHOM ClIyvae, JaHHas IJIaHeTa J0JKHa "3a0pars" y
CarypHa 9HEPIruio, PaBHYIO

= (12)

Yro6bl Bee kiaccuueckue ianersl (kpome Carypra) emorin okuHyTh COTHEUHYIO cucremy, HeobXo-
Mo aTober Caryph ornas sxepruto (1 Gasun):

G i
Z’Ei\:—2 QZT—i- (13)

Banmriem 3aKOH COXPaHEHUs! TIOJHON MeXaHUYeCKON sHeprun yis mianer (2 6asuia):

GMe 7 mi Gmhim@ B Gmhi)ﬁ@
2 Z i © T 27
i=1 " QTh h

(0) o
3/1€Ch rh ;T — HAuAJIbHOE 1 KOHEUHOE SHAMCHHS PaJiyca opbutsl CarypHa. B urore pajimyc HOBOit

opbursl Carypha (1 6aswr):
8 71
Z m;
Th = mh — = 1.273 a.e. (14)

r
i=1

[Tepuoy obpaleHnst IIaHETHI-TUTAHTa OIPEJIEJIUM C IIOMOIIBLIO TpeThero 3akoHa Kertepa (2 6asua):

7\ 2 3 3/2

“h) (R _po ()

o) o) = Ty = n | o = 1.436 roza. (15)
n n n

2. CoryiacHO OIpEJIENICHUIO, Painyc-BeKTop rnenTpa Macc cucrembl 'Costaie-Catypr" B Ipon3BoJib-
HOIl cucTeMe OTCYuera MPEeJICTABJISIETCST B BHUJIE:
L Mere + zmh Fh

R. = , 16
f)ﬁ@—i—f)ﬁh (16)

31ECD T, Fh — paguycbl-eekTopbl Costaita u CaTypHa B JaHHOI cucreMe oTcdera. Ecu maHHast cucreMa
orcUeTa SIBJISIETCS DeJIMOIEHTPUIECKON, TO TeTMOIEHTPUIECKOe PACCTOsiHIE JI0 TleHTpa Macc Oyuer (1
6aJwn)
mh T’h
Mo + Dﬁh

R, (17)
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W3 mociieiHero BBIpaXKEHHUsI CJIEAYET, UTO C YMEHbBIIIEHHEM IeJIUOIEeHTpUIecKoro paccrosiaust g0 Ca-
TYPHA& YMEHBIIAETCS U MeJIMONEHTPUIECKOE PACCTOSHHUE JI0 IMEHTPa MacC, TAKMM 0Opa30M IIEHTP Mace
upubsmKaercsi K HeHTpy MarepuHckoil 3Besupl. (1 6amn) C ucnosnbsoBanuem (17), mosydaem 3Have-
e R. = 54414 kwm. (1 6asun) Iocnenunee 3nadenue menbine pajguyca CoJHIA, & 3HAYUT IIEHTP MAaCC
cucrembl "Counne-Carypu" pacrosioxeno ayrpu Tesa Cosnna. (1 6aiwur)

3. IlenmparvHvim MPAH3UIMOM NLAGHEMDE NO
ducky mamepurckotl 36e30b, HA3bIBAETCST TPAH3UT, IIPU
KOTOPOM IIJIAHETa IIEPEMEIAeTCsl 110 JIHaMeTPy B~
MOT0 JiucKa 3Be3/bl (cM. puc. 4). BeposrHocTb j1aH-

HOTO coObITUs (P.) MOXKHO OIIPEJEINTh OTHOIIEHUEM
TeJIeCHOr0 yriia {2., OTBeYAIONero odaacTu Ha Hebec-
HOli cdepe (eciam cMOTpeTb M3 LEHTPa 3BE3Jibl), U3
TOYEK KOTOPOH MOYKHO OyjieT HaOIIOIaTh YKA3aHHBIH  Pre. 4. K OIIPEICIICHAIO  BEPOSITHOCTH  I1CH-

(dbenoMen K IOTHOMY TeJIeCHOMY YLy Beell cdepbl TPaJILHOTO TPAH3UTA dK30IJIAHETHI.
(paBHoMy 47) (1 6aswr):

Qc

Jo— 1
g (18)

Testecaomy yrity . Ha HebGecHOIT cdepe orBedaeT mosoca (HOsIC), 3aKJIOUYEHHAs MeXKIy npsiMbiMu AB
n AE u mmpunoit §. [ocnennuit mapamerp onpeensiercss u3 tpeyroabunka NAABC:

. 0 BC Rp Jd  Rp

sin—-=—=—""7"F, = -~ —.

2 AC 1, — R, 2 Tp

B nocieanem BbIpakeHnn ydreHO HepaBeHCTBO R, < 1p. B mrore momyuaem sbipazkenme st 6 (1
6aJL):

~2—. 1
5 . (19)

OueButH0, TeecHbIlt yrou (). npecrasisiercs B Buge (1 6aswr):

Q. =27 = 471'&. (20)

Tp

Tora BEpOSTHOCTD NPUHIMINAIBLHONR BO3MOXKHOCTH OOHapyskeHusi CaTypHa TPaAaH3UTHBIM METOIOM (B
cilydae IeHTPaIbHOrO TpaH3uTa) ecrb (1 Gasur)

p.=—=2F (21)

N3 nocnennero pesysbraTa CiejyeT, 9TO UCKOMas BEPOSTHOCTH OOPATHO IPOIOPIMOHAILHA PAJIAY-
cy OpOHTBHI IUIaHEeThl. 3HAYUT BEPOSITHOCTL B Pe3y/brare Karacrpodbl u3ameHurcst B 1 = P./ PC(O) =
r%))/rh = 7.5 pas! (1 6asmwn)

4. Jlyist onpejiesieHusi BEPOSTHOCTU JIETEKTUPOBaHUsi (DeHOMEHA TEHTPAJBHOIO TPAH3UTA IK30ILIa-
HETBI 110 JINCKY MATEPUHCKON 3BE3/IbI B JIAHHBI MOMEHT BPEMEHU YITEM, 9TO BPEMs TPAH3UTA ILJIAHETHI
MOXKHO IIpeJICTaBuTh B Buje (1 Gasun):

= —L2arcsin | — |, (22)

2m Tp
saech 1), — cugepudecKunii mepuos oOpalennst iaHeTsl. JJaHHbIi TPaH3UT 00sI3aTeIbHO JOJZKEH IPO-
usoiitu B Tedenne Bpemennoro unrepsasa (0,7),). CienoBareibHo, BEPOSTHOCTH TOrO, 4TO HabJIOLA-
TeJIb B JIAHHBII MOMEHT BDEMEHU yBHJIET TPAH3UT SK30ILUIAHETHl ecTh (141 Gaswr)

1 R, 1 (R -
P, = > _ 2 arcsin (—) = —arcsin [ —2 | =1.2-107% wm 0.12%. (23)
T, Tp T A
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Pexomerndauuu 0as HCIopu.
BrimostTHeHHas1 4acTh pelieHusl 3a1a49u Baan

[Tonydeno BeipaxkeHue Jijisi KBajipaTa OpOUTAJIBHONW CKOPOCTU ILJIAHETHI C UCHOJb- | 1414142
30BaHUEM BTOpPOro 3akoHa HpioToma -+ BbIUKC/IEHA IMOJIHAS MeXaHudIeckas dHeprus | +1 +2
IJIAHEThI HA KPYTOBOIl opbuTe + olpejiesieHa IoJHasi sHeprus, koropyio CarypH
JIOJIZKEH OTIATh IIaHeTaM Jjist uX Bbixoja u3 COJTHEYHON CHCTeMbl + HCIOJIB30BaH
4BHO 3aKOH COXPaHEHWs SHEPIUM JJId CUCTEMbl + IIOJIyYE€HO aHaJIUTUYEeCKOe BbIpa-
JKeHue JIJist pajinyca HOBOM opbuthl CarypHa + ¢ UCIOJIb30BAHUEM TPETHEro 3aKOHA
Kermtepa nostyuen cujepudaeckuii nepuo obpaiernus: CarypHa

[Tonydeno ckajisipHOe BhIDayKeHUE JIJIs TEJTUOINEHTPUIECKOr0 paccTosiHus 70 mneHTpa | 14+1+1+1
macc cucrembl "Couanie-Carypa"+ HpaBUIBHO OIpeje/ieHa TEHCHIS W3MEHEHUsI
MTOJTOYKEHNUsT TIEHTPA MACC —+ BBLITUCJIEHO paccrogume ot rnentpa CoaHma 10 MeHTpa
MaCC CUCTEMBI + SIBHO YKA3aHO Ha TO, YTO IEHTP Macc JexKuT B Teje CotHIa

SarnucaHo 00Iee aHAJUTHIECKOE BbIpayXKeHUe JIJIsl BEPOSITHOCTH IEHTpabHOTO TpaH- | 1+14+1+1-+1
3uTa + KOPPEKTHO BbIYUCJIEHA YIJIOBagd IMUPUHa I10ZCa TpaH3UuTa + TIOJIYY€HO fIB-
HOE aHAJUTUYECKOEe BBbIpaKeHUe JijIsl TEJIECHOI'O yIVIa 110siCa TPAH3UTa -+ UTOI'OBOE
BbIpazKeHHne JIJIs1 HCKOMO BEPOATHOCTU + IIOJIy9€Ha MCKOMasl BEJIMYINHA KPaTHOCTU
YBEJIMUYEHUsT BEPOSTHOCTH JIE€TEKTUPOBAHUS

[IpencraBieno siBHOe aHAIUTUYIECKOE BbIpAyKeHUE JIjIs BpEMeHU Tpan3uTa + s Be- | 1+1+1
POATHOCTHU JIETEKTUPOBAHUS TPAH3UTA B JAHHBIH MOMEHT -+ TOJIyYeHO KOPPEKTHOE
4HCJIEHHOE 3HaYeHUe

Ne 4. «Deoarouyus cucmemst "3eman-JIyna’ »

Ycaosue. B pesyiabrare MHOIOJIETHUX WCCIETOBAHUN OKEAHUYIECKUX TPUINBOB HA MOBEPXHOCTH
Semutt OBLIO YCTAHOBJIEHO, UTO JIyHa ynajsiercss oT 3eMJid, IIPU 3TOM BCe BpalllaTesIbHbIe JBUYKEHUSI
JIAHHBIX TEJT 3aMEJJIAIOTCS, a B OYyIIeM OyIyT MOJHOCTHIO CHHXPOHU3UPOBAHBI B PE3y/IbTaTe MPUIUB-
HOTO B3aMMOJIEHCTBHUSI JAHHBIX TeJI, T. €. Oy/ILyT OIPENe/IsiThCs JIUIIb OJHUM Hepuoaom. OreHure:

1. HpOﬂOH}KI/ITeHbHOCTb 3BE3/ITHbIX CYTOK Ha SGMJIe II0CJIe CHUHXPOHH3aINN BCEX BpalllaTCJIbHBIX
jprkennii. Criejtyer moJiaraTb, 9TO OCH BCEX BPAIATE/bHBIX JBUKEHUI JAHHBIX TeJl COHAIIPABJICHBI B
upocrpascrse. (8 6aJioB)

2. Yemy OyzieT paBeH pagnyc KpyroBoit opouTeI JIyHBI OTHOCHTETHLHO 3eMITH TTOCTIe CUHXPOHI3ATIAN
UX BpallaTeJbHbIX aBrzKeHuit? (1 6aswr)

3. MakcuMa/IbHyIO IPOI0JIKATEILHOCTD HOIHOM (hbasbl HEHTPAJIBLHOIO TEHEBOIO JIYHHOI'O 3aTMEHUs
B Iporecce oTjajgenust JIyHbl oT 3eMJIM, eC/Id U3BeCTHO, YTO 3TOT MOMEHT JOJYKeH HACTYIHUTb JI0
CHHXPOHU3AIUU cucTeMbl «3emiis-JIyna»? (3 Gasia) Yemy npu 3ToM paBHbI pajuyc opoutsl JIyHbl n
nepuoy ee obpaiienusi BOKpyr 3emsm? (142 Gasia)

4. MakcuMabHy10 MPOJIOIZKUTENLHOCTD Beex (a3 MeHTPATbHOTO TEHEBOrO JIyHHOTO 3aTMeHust (0T
MOMEHTa Hava/a IOIPYKeHUsl B TeHb 3eMJ/IM U JI0 MOMEHTa OKOHUYAHUsI BBIXOJA U3 Hee) B IPOIecce
ornanenns JIyHbl OT 3eMiH, €C/iM U3BECTHO, YTO STOT MOMEHT JIOJIZKEH HACTYIUTD JI0 CHHXPOHU3AIIN
cucrembl «3emust-JIynar? (2 6amia) Hemy npu aroM GyyT paBHbI payc opouTsl JIyHbL U epuos ee
obpamienusi BOKpyr 3emusn? (142 Gasuia)

Pewenue. 1. Cucrema "3Semiis-JIyna" siBjistercst 3aMKHYTOM, a IPUINBHBIE CHAJIBI SIBJISTFOTCST BHYT-
DEHHUMM, CJIeJIOBATEIHLHO B MPOTECCE SBOJIIONUE JIAHHONW CUCTEMBI JIOJIXKEH COXPAHSITHCS CyMMAapHBIi
MOMEHT MMITyJIbca. ITocienamii MozkeT ObITH IPEACTABIEH B BUJAE CyMMbBI 4-X CaraeMbIX: II€pBOE Cjla-

) )

o S
00yCJIOBJICHO BpAIlEHUEM 3eMJIM BOKDYT' CBOEH OCH, BTOPOE CJIaraeMoe Lg 00yCJIOBJIEHO

) i 9eTBEPTOE Lg)
HUEM JIAaHHBIX TeJl BOKPYD UX o0miero neHrpa Macc. [IoCKOIbKy OCH BCeX BpAIaTeJbHBIX JIBUKEHUI
COHAIIPABJICHBI, & HAIIPABJEHNE BCEX BPAIIATEIbHBIX JBIKCHUII COBIAJAIOT, TO MOXKHO 3aIUCATH MO-
JLyJIb HOJIHOTO MOMEHTA MMILyJIbca B CKasstpHoM Buje (1 Gasur):

S
raemMoe Lg

. r
BpaenueM JIyHBI BOKPYT CBOeil OcH, TpeTbhe Lg cjaraeMble 0OYCJIOBJIEHBI oOpairiie-

Loy = L + L8 + L\ 4+ 1Y),
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Kazxki0e u3 ciaraeMbIx pejcTaBisieTcst B sBHOM Buje (1 Gasun):

L) .0, Q=2 i = {a,c ),

2
L(S) =7; w;, toe I; = gfmz mz?’ Wi = Fi, T’

2
3J71ech Z; — MOMEHT WHepIHn -ro reja-mapa, I, R;, w;, P;, r; — ero Macca, pajnyc, yrjioBas CKOPOCTb,
[IEPUOJI CYyTOYHOI'O BPAIEHUs U PAUyC KPYTOBOM OpOUTHI COOTBETCTBEHHO; §2, T — yryioBast CKOPOCTb U
epuo/i 0OpAIeHIsT TeJl BOKPYT ODIIEro MeHTpa Macc. B urore B HACTOANIUN MOMEHT TOJIHBI MOMEHT

(0) . :
cucremsl Ly ; npencrasisiercs B suge (0.5 Gaa):

Liot = Mo Re - P + MR - P, + (Mg g + M rg) 7 -
[Tocsie cunxponusalyu BpamarebHbix apumkennii (0.5 6asia):
2 2 2 2 21
LE(J;) = <3m@ 99% + 393((( 9%?( + (EDT@ T‘éB + m@ T‘é( )> F

COXpaHeHI/Ie MOMEHTa UMITYJIbCa CUCTEMbI B UTOT'€ IIPEJICTABJIACTCA TaK:

2 271' 2

gm@mé P@ Dﬁ@ 9%@ P(( (W@T@ + Dﬁ@ T‘G ) T =
2 2 2

- <gzm@9% + =M N2+ (Mg + M 7 2)) %

Bamermm, ato yxe cerogus Pg = T. Kpome Toro, pagamyc opoutst JIyHBI 7 OTHOCHTENBLHO TEHTPA
Semytt 1 pasimyc-BeKTOp R, IeHTpa MacC JIAHHBIX TeJT OTHOCUTEJIHHO JIAHHOW TOYKU B IMPOEKIUSAX Ha
nanpassierne "3emisi-/Iyna" MOXKHO 1IpeJICTAaBUTH B TEPMUHAX DPAJIyCOB OPOUT (g, T¢ ) JAHHBIX TeJl
OTHOCHTEJIBHO meHTpa Mace (1 6asur):

M r¢ —NMgre NMq r Mg r
g RC g = 0, :\/ — ) - .
T=Te T My, + M T e o ¢ T Mg+
Torna
Mo M 2 Mg M
m m Shats Rt SRR =907 ¢
(Mors +Mcrg) = My + o, M PR T o o

B nrore 3akoH coxpaHeHHsI MOXKHO Irepenucarh Tak (1 Gaswur)
2
[ <2m@9% +§m@9%2>+,ur]x—g(m?@ﬁ%@+m@9%@)+pr , THe T = . (24)
Bocmnosnbayemcest asee 3-m 3akonoM Kemtepa jyist ansoil napst Tei (1 6as):
3 T 2 Tl 4/3
B A
U3 ypasuenwuii (24) u (25) mosydaeMm B UTOre TPaHCIEHEHTHOE ypaBHeHue Buja (1 Gasur):
2
{ <zm@m + Mg 9%2) +m2] T=2 (MR + M RZ) + a3,
ITocneauee ypaBHeHue y/100Hee IEPENNCATh B BUJE PABEHCTBA JABYX (DYHKIHIT 110 II€PEMEHHOIT X
f@)=g(w), me f(r)=Az+B, g(x)=Ca'l’, (26)

T 2
A= { <zm@m2 +sm@9%@>+m2},B:—g(zm@mémt@m?(),czm? (27)

[Mocrennee ypasuenne ymobnee pemuTh rpadu€decKuM WX 9GUCACHHBIME Merofgamu. Ha puc. 5.a)
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=) 2.7" T 7]
o a) i /
= 2.6 |
%25 / |
50 ) o !
~ 2 4 I\A) / 1
L 23—~ |
e g(x) : ,
220 , :
1.70 1.80 1.90 2.00 0)

X
Puc. 5. K omupenenennio: a) KopHsi TpancienienTHoro ypastaenus f(x) = g(z); 6) coorHomeHus yrio-
BBIX Pa3MepOB HEOECHBIX TeJI i 0OJIACTH TEHH.

IpeJICcTaBiieHbl KpuBble 3apucumocteil f(x) u g(x). 3ech Touke MX mepeceveHusi OTBeYaeT 3HAYEHHE
x = 1.921, uro coorsercryer 3nauenuio 1" = xT = 52.48 cyr. (1 Gaswn)
2. C ucnosnp3oBanmreM BHOBB 3-10 3akoHa Kemepa (25), mosrydaeM paJiyc KpyroBoit opouTst JIyHer
OTHOCHTEJILHO 3€MJIM TI0CJIe CHHXPOHUBAINE UX BpaIaTe bHbix asmkennii: ' = 594020 km. (1 Gawn)
3. Ilpemmosnoxknm, UITO TeKylee 3HatMeHne pajuyca opours! JIyner pasao r. 13 puc. 5.6) merpyanHo
BUJIETH, YTO BBIOJIHSETCS CJIEJLYIOIIee COOTHOIIEHNE MeXKJLy YIVIOBBIM DaIycoM 3eMin pg = Rg /T,
YIJIOBBIM Pa3MepoM Ayru 2qq Tekymieil opoutsl JIyHbI B 3eMHO#I Tenn u yryioBeIM pajuycoMm CosHia
pe = Re/ag (1 Gasn):
Re  NRo
Pe =a+pe, W qp = — — —.
r g
ITpomosKnTeIbHOCTH HOJIHO# (ha3bl JIyHHOTO 3aTMeHus OyeT orBedars yrou (1 Gaswr):
Re _ Re —NRe Ao

a] = o) — — =
T T ag

[Tpo0/KUTEILHOCTD TOTHOM (ha3bl IIEHTPATIBLHOIO JIYHHOI'O 3aTMEHUs [IpeJicTaBiisiercst B Buje (1 Gasw):

T = = <(9{€B - 9{(( )7’ /2 - —T?’/ y Wa = 3 (28)
We GSUT@ ag T
3/1eCh W¢ — DEOIeHTpUYecKas yIjioBas CKOpocThb JIyHbl Ha opbure. B3ss npoussommyio or ¢yHKIuI
71(7) 1O TEpeMeHHOIl T U IpUpABHUBAs ee K HYJII0, HAXOAUM 3KCTPEMyM JAHHON (byHKIuu (Jerko
IPOBEPHUTH YTO 3T0 MakcumyM) (1 Gaswn):
ag (Re — R
() o (Re —Re)

max — ?T@ = 332120 KM. (29)

. 1
[Ipu 5TOM TTPOJOJKUTENBHOCTE TOJIHOHN (Da3bl COCTABIISLIA T (rr(ngx) = 1.566 uac win 1 gac 34 mun. C
ncroJib3oBanueM 3-10 3akoHa Kerepa onpeesnsiem nepuos, obpaiienns JIyHbI BOKpyTr 3eM/id Ha 9TOT
MOMeHT (2 6aJw):

r

T(l) 3/2
W =T <ﬂ> = 21.95 cy. (30)

4. TIpomomkurenbHoctn Beex a3 (0T MOMeHTa Hadasa IMOPYKEeHHs! B TeHb 3eMJI U JI0 MOMEHTa
OKOHYAHUsI BBIXOJIa U3 Hee) IeHTPAIbHOIO TEHEBOIO JIyHHOTO 3aTMeHuUs Oy/ieT orBedarhb yroi (1 6aswr):
Re  Re+Re Re
ay=ap+—="—"—"7-——-"—.
r r ag
ITpomo/KnTeIbHOCTD BeexX (a3 MEeHTPAIBLHOIO TEHEBOTO JIyHHOIO 3aTMEHNs 1pe/icraBiisiercs B Buje (1
6aswn):

o 20 2 ((% R P2 - &r:&/z) ' (31)
W Gm@ ag
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Paccyskasi aHAJIOMMYIHO IPEBULYIIEMY CJIydaio, B Pe3yJIbTare [OJIydaeM HCKOMBIH Pauyc JIyHHOMN
opbutsl (1 6asw):

@ — % Aot RO peii00 (32)
3 M,

(2) ) =

[Tpu 170M MaKCHMAaJbHAST POJIOKUTEIBHOCTh OYeT COCTABIATh To(Tmax) = 3.627 daca win 3 gaca
38 mun. CoorBercrByoliee 3HadeHne nepuojia obpaienus Jlyusl Oymuer (2 6aswia):

r(2) 3/2
T2 =y [ 2 = 50.82 cyr. (33)
T
Pexomendauyuu das orcropu.
BaimmosiHeHHast YacTh pelieHus 3aa9u Bann

Oupejiesien nosHbtit MomenT umiryabca (MU) cucremsr "3emusi-JTyna" + npegcrasme- | 1414141+
HO $IBHO AQHAJINTUYECKOE BBLIParKEHHe JIIs KayKJOro CIaraeMoro -+ sammucan mosHbit | 14+14+141
MU cucrembr 10 + TOCTE CHHXPOHU3AINN -+ BBITOJTHEHA DPEIYKITHS IOy 9€HHOTO
YPaABHEHUS C UCTIOTIHL30BAHNEM paJnyca 1 OpOnuThI JIyHBI 1 TpUBEIEHHO MACCHI f4 TTO-
JIydeH pelyIupoBannblil 3akon coxpanenust MV -+ ucnosibzoBan 3-uit 3akon Keruie-
pa + HOJIyYeHO TPAHCIEH/IEHTHOE ypaBHEeHNe + II0JIyIeHO YUCJIEHHOE PeIlleHIe STOr0
ypaBHEHUSI

C ucnosb3oBanueM 3-ro 3akoHa Keriepa Bbraucien pajuyc opoutst JIyusr orHocu- | 1
TEJLHO 3eMJIN TIOCTIe CHHXPOHUBAITIH

[Tonydena yriioBasi mMupuHA TEHU B TePMUHAX yIVIOBOTO pajmyca 3emyn u Comara + | 1414+1+1+42
oIIpejieJIeHa TIOJIOBUHA JIJIMHBL JIyTH YaCTH OPOUTHI, KOTOPasi COOTBETCTBYET IMOJIHOMN
daze + mpejCcTaBIEHO FBHO aHAJUTUYECKOE BBbIPAYKEHUE Ui IIPOJIOJIZKUTEHLHOCTN
OJTHOM (basbl + pelreHa 3ajada Ha SKCTPEMYM U HallJIeH MAKCUMYM 3TOH (DyHKIUH
U HAIeH COOTBETCTBYIONINI eMy pajaumyc opouTsl JIyHBI + 1mepuos ee obpareHust

OrpejiesieHa TOJIOBUHA JIJIMHBI JYTH 9acTU OPOUTHI, KOTOpasi coOTBeTcTByeT BCeM | 1+4+1-4+1-+2
dazaM TEHEBOTO 3aTMEHHUS + IPEJICTABICHO SBHO AHAJUTUYIECKOE BBIPAYKCHUE JIJIst
MIPOIOJIZKUTETHLHOCTH BeeX has3 + pelleHa 3a/1a49a Ha SKCTPEMYM U HAMIeH MAKCUMYM
91Ol (DYHKIIUU U HAliJIEH COOTBETCTBYIONMINI eMy pajinyc opouTsl JIyHbI + mepuoj ee
obparmeHnst

Ne 5. «Tpu 38e30vt 8 dennv nposedenus Oaumnuados

Ycaosue. B nenb nposejienust 3akiioantesbHoro Typa Oummrnmaiet um. ©. A. Bpepnxuna B HEKO-
TOPOHl TOYKE CEBEPHOTO TMOJIYTIAPH 3EMJIN TPOM3OILIO Psifi HeOeCHbIX (DEHOMEHOB C TPEMsT 3BE3/IaMH,
UMEHYEMBIMU JIaJiee YCJIOBHO «1», «2», «3». VI3BecTHO, 9TO

a) B MOMEHT BepXHeil KyJIbMUHAIMNA a3UMYT 3BE3/Ibl «1» MJIABHO yMEHbIIAJICs 6e3 CKAYKOB, a3UMyT
3Be3/bl «2» mperepnen ckadok AAs = —180°, a a3uMyT TpeTbeil HCIbITAJI CKAYOK BejnanHoit AAs =
—360°. Ilpu sToM 3Be3abI «1» 1 «3» B JMaHHON KyJIbMUHAIMN HAXOIMIMCH HA OJHOM ajbMyKaHTapaTe;

6) BpeMs IpAMOIl BHINMOCTH 3Be3JbI «2» cocTaBmao Aty = 15P57.4™ a orHOIIeHHE TEJIECHBIX
yI‘.HOB, COOTBGTCTByIOH_[I/IX I1apOBBIM CeIMEHTaM, KOTOPbIe CBOMMU OCHOBAHUAMMN OIIMPAIOTCA Ha CyTOq—
Hble MapaJulesid 3Be3]1 «1» 1 «3» U COIEPKAT CeBEPHBIii MOJIIOC MUPa (BEPIIMHBL YTJIOB PACIIOJIOXKEHBI
B nenTpe nebecnoit cdepnl), cocrapiser vy = 0.25;

B) BepXHsisl KyJbMHUHAIUS 3BE3/bl «1» IIPOM30ILIa B MOMEHT HadaJia (Ts(vl) = 10h00m) dunaa
nacroameit Ommvmmans o Camapekomy spemenu (T = Ty + 4", 3necs Ty — Bcemupmoe Bpems), a
3Be3/TBI «3» — B MOMEHT ee OKOHYAHUS — Tég) = 14P00™. 3Bpesna «2» Ky/JIbMHHAPOBAJA B MECTHBI
ucruaEbll nosgens. Jomrora Camapst — Ag = 3720™. TIpu 5TOM pasHHIA MEKIY MECTHBIM CPEIHIM
COJTHEIHBIM BpPEMEHEeM TOUYKH HabJIIO/IeHNs U caMapcKuM BpeMeneM coctaiister AT = \g.

C ucro/ib30BaHNEM JIAHHBIX, [IPEJICTABJIEHHBIX B YCJIOBUM 3aJa9d U B pasjese "clpaBOvHbIE JTaH-
Hble" | olpejiesnTe SKBATOPHAJILHBIE KOOPANHATHI (IIPSIMOe BOCXOXK/ICHHUE U CKJIOHEHUe) 3Be37] «1», «2»,
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«3», reorpaduaeckue KOOPAMHATEI (IUPOTA U JOATOTa) TOIKU HAGTIOMEHHsT 1 TOCYIAPCTBO (€ UCHOJIb-
30BaHMEM MOJIMTHIECKON KapThl MUpa, CM. pUC. 6), Ha TEPPUTOPHU KOTOPOIO HAXOMUIACH PACCMATPU-
BaeMasl To4YKa rnosepxHoctu 3emuin. (20 6asios)

Pewenue. 1. Ecnu B BepxHeil KyJIbMUHAIINN a3UMYT 3BE3/bI «1» U3MEHsJICS ILJIABHO, 0€3 CKATIKOB
9TO O3HAYAET, YTO 3Be3/a KyJIbMUHUPOBAJIA K ceBepy OT 3eHuTa (Z), IpU 9TOM ee CKJIOHEHHe OOJIbIie
HIUPOTHI MECTHOCTH, T. €. 01 > . (1 6asur) Ecin B BepxHeil KyJbMUHAIINE a3UMYT 3B€3/bl «2» [IPETEp-
nest ckadok AAy = —180°, 910 0O3HAUAET, YTO T 3BE3/a KyJIbMUHUPOBaAJIA B 3eHUTe (Z), IPU ITOM ee
CKJIOHEHHE PABHO IUpoTe MecTHOCTH: 09 = . (1 Gaur) Eciin B BepxHeil KyJbMUHAIINYN a3UMYT 3BE3/IbI
«3» mpereprest ckadok AAsz = —360° 9T0 03HAUAET, YTO 3BE3/A KYJIHLMUHUPOBAIA K [OTYy OT 3€HUTA
(Z), upu 5TOM €e CKJIOHEHHe MEHBIIIe [IUPOThI MECTHOCTH, T. €. 03 < ¢. (1 GaJur)

Eciin 3Be3sipr «1» 1 «3» B MOMEHTBI UX BEPXHUX KYJbMUHAIIUN HAOJIIOIAIUCH HA OJTHOM aJIbMYKaH-
Tapare, 9T0 03HAYAET YTO UX BBICOTBHI B 9TOT MOMEHT ObLIM paBHbI, T. €. (1 Gaswr)

90° + ¢ — 01 =90° — o+ 03, = 2 =01+ 0. (34)

2. PaccMoTpum cyTOUHOe JIBHKEHUE 3Be3Jbl «2» 110 HeGOCBOLY (CM. pHC. 7) BJIOJIb CyTOYHOMN Ia-
pamtesn R,C\,S.Cy, nis vHabirojaress, HAXOAAMErocs B CEBEPHOM TreorpadpuuecKoM IMOJIyIIapuu, Ha
mupore ¢ (¢ > 0).

3Be3/1a BOCXOIUT HaJI, TOPH3OHTOM
B TOuKe R, IOJHUMAETCsT BBIIIE U KYJIb-
munupyer B Touke Cy, 3aTeM oImyckKa-
eTCsl U 3aXOJUT 38 TOPU3OHT B TOYKE
Sy. Hajee ee cyTodHoe IBUKEHHE I10
HebOCBO LY TIpoo/KaeTcs 1o ayre S, Cq Ry,
CKPBITOl OT TJ1a3 HaOJIIOIATe s, HAX0-
gsamerocsd B Touke O — meHTpe Hebec-
HO#t cheprl. OnpeesuM yIjIoByIO Me-
py ¢ nyru R, Cy Si. U3 pucynka Buji-
HO, JIyI'y MOKHO IIPeJICTABUTH B BHUJIE:

¢ = 360° — 23, (35)

rjie 3 — yroJ1 MPsSIMOYTOJIbHOTO TPEYTOJThb-
nuka AAR, B. Tocieanii MOXKHO oTipe-
JIEJITH CJIeJytoreil (hopMyIoii:

_ AB OB ctg/BAO
" R.B r ’

cos 3

Na

3neck 1 = R.B = BC, — paauyc cy-

TOYHOI HapaJuled 3BE3/bl, KOTOPIi Puc. 7. K onpeneneHnto dacTtu JIyr'm CyTOUYHON ITapaJsiiesin

MOKHO JIeTKO oupeaeanTs uz AOC, B: 3BE3/bI, COOTBETCTBYIONICH ee BUAUMOMY JIBUXKECHUIO HaJL I'O-
PU30HTOM.

r = R cos 0y, (36)

sieck R — pajmyc HeGecHOl cdepsl, d, — ckioHeHue 3Be31bl (0, = d2). OB MOXKHO BBIPA3UTh U3 TOTO
JKe TpeyroJbHIKa

OB = R sin 0,.

U3 puc. 7 werpyaao sugers, uro /BAO = / A;OS = 90° — . B urore cos [ MOXKHO TIPEJICTABUTH B
Bugie (1 Gaswn):
cos B =1tg 0. -tg ¢, upm |4 < 90° — |p]. (37)

U3 Boipazkennii (35), (37), ¢ yuerom paBeHCTBa dy = @, CJIEJLyeT, 4TO

l
tg? p = —cos 7 (38)
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[ & Kolig

L

240°, 3nech Pg — 3Be3anble cyTkn 3emin. B nrore

Atgy

Pg

360°

Puc. 6. @parmMenT mogIuTUYeCKOil KapThl MUPA.

Jyry £ MOXKHO TIpe/ICTABUTEL WHAUE: {
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DKB. Koop,. | 3Be3ua «1» | 3Besma «2» | 3Besua «3» || I'eo. koopa. | Touka
HAOJI-Wst
o 23ho6m 2hp6™ 3h26™ © 35°16’
) 54°50/ 35°16 15°42/ A 110°00" B.x1.
Tabsuna 2. K onpeeieHnio NCKOMBIX BEJIMYNH.
[IIPOTa MECTHOCTH U CKJIOHEHHe 3Be3/bl «2» ectThb (141 Gaswr)
2
© = Jy = arctg (é) = 35.26° = 35°16'. (39)

3. TenecHblit yros, COOTBETCTBYIONMI MAPOBOMY CEIMEHTY, OCHOBAHUE KOTOPOI'O OIUPAIOTCS Ha
cyTouHYI0 napaJuienb 3se3ipl R, C, S Cy (cM. puc. 7), cojeprKaliemMy CeBEePHBIN IOJII0C MUPA, MOXKHO
upejicraBuThb B Buje (1 6asw):

Q =27r(1 — cospy) = 2m(1 — sind,),

3iech py = £LC,O PN — noasipHoe paccTosiiue 3Be3/Ibl, KOTOPOe MOYKET OBLITh BHIPAYKEHO YEpPEe3 ee CKJIO-
HeHMe 1ocpeacTBOM (PopMyJIbl: Py = 90° — §,. 3HaYUT OTHOIIEHNE TEJIECHBIX YIJIOB, COOTBETCTBYIOIINX
NIapOBbBIM CerMeHTaM, KOTOPbI€ CBOMMU OCHOBAaHUAMMN OIIMUPAIOTCA Ha CyTOYHBIE ITapaJlJIe/In 3BE3/] «1»
u «3» MOXKHO 3ammcarb Tak (1 Gasur)

0 1-—sind;

= % = T—sms, 1 —sind; = (1 —sin(2¢ — 41)). (40)

v
Perrast ocjie/iHee TpUTOHOMETPUYIECKOE YPaBHEHUE, B pe3yJibTare MojiydaeM 3HadeHue 0; = H54.84° =
54°50" (2 6asna). Cormacho (34), d3 = 2¢ — 01 = 15.68° = 15°42'. (1 Gauwn)

4. Cormacno ycrosuio 3amgaqn, T = Ty 4+ 4", ¢ apyroit cropomsr, Mmectroe Bpenmst CaMapbl MOAKHO
(5)

sanucarb Ty, = Ty + Ag. Orkyna cieayer (1 Gaiwur)

TS = Ty — 4P 4+ Xg.

)

. S
C O CTOPOHBI, 3BE3/IHOE BPEMSI CBSI3aHO C T,% coorHomenueM Bua (1 Oawn):
7

s=so+ kT, e k=1.002739,

3JIeCh S) — 3BE3JIHOE BpPEMs Ha HAYAJ0 MECTHBIX CPEIHECOJTHEUIHBIX CYTOK. ¥y YuThIBasi, 4To 21 ampers
orcrouT oT JHs paBHojeHcTBus (20 mapra 2024 roga) Ha 32 cyTOK, TO mpsimoe Bocxoxkenue CosHia
B HOJIJIeHb JHs Hposeienns dunana OMIMIHAIB O/KHO ObITh ap = 32 - 3M56° = 206™. (1 6aswn)
Tor/a 3Be3/HOE BpeMsT B MECTHYIO CPEJIHION MoaHO4Yb 21 ampers: sg = 2206™ + 128 — 2™ = 14h0p4™,

Kax wmsBecTHo, mpsmoe BOCXOXKJIEHUE CBETHJIA, HAXOMIAINIErOCs B BEPXHEH Ky/JIbMHUHAIINHN, PABHO
3Be37HOMY BpeMeHu B 10T MoMeHT. Torma (141 Gasw)

ar = s+ k(T — 4" 4+ Ag) = 23P26™, g = so + k(TS — 4" + Ag) = 3"26™. (41)

3Besna «2» KyJIbMUHUPOBAJIA B MECTHBI HCTHHHLINA Ho/aennb. CiieoBaTe/IbHO ee IPSMOe BOCXOZK ICHHE
paBHO npsiMoMy Bocxozkenmio Cosnna B TOT ke MoMenT (1 6asn): ag = o = 2M06™.

5. CorlacHO YCJIOBHIO 3aJIa49i, PA3HUIA MEXKJY MECTHBIM CPEJHUM COJIHEYHLIM BPEMEHEeM TOYKHI
HaOJIIOIEHNsT M caMapCKUM BpeMeHeM coctasisger AT = \g, KOTOPYIO MOXKHO IpeJICTaBuTh B Buje (1
6aJL):

AT =T, —Ts=To+ =Ty —4", = X=4"+ \g = 7P20™ = 110°00' 5.1 (42)

Takum 06pa3oM, UMeeM CJIe/lYIONe 3HAUeHNsI SKBATOPHAIBHBIX KOOPJMHAT TPeX 3Be3J u reorpadu-
YeCKHe KOODJMHATHI TOUKH HAOJIIOCHNUS.

CBoJIKa TI0JIyY€HHBIX PE3YJIbTaTOB IpejcTaBieHa B Tabr. 2. C uCroib30BaHueM HOJUTUYECKOI Kap-
TBI MUPA U TIOJTy9€HHBIX 3HAUEHUH reorpaduuecKnx KOOPIMHAT JIErKO YCTAHOBUTD, UTO TOUKa HAGIIO-
Jienusi Haxoauiiach B Kurae (1 6asun).
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Pexomerndauuu 0as HCIopu.
BrimostTHeHHas1 4acTh pelieHusl 3a1a49u Baan

ABHo ykazaHo Ha 1oJiozkenue 3Be3/bl «1»+«2»+«3» na nebecnom Mmepujuane B Mo- | 1 + 1 + 1
MEHT KYJbMUHAIUU 110 OTHOIIEHUIO K 3€HUTY U YCTAHOBJIEHA CBS3b MEXKIY IMIUPOTOM
U CKJIOHEHUEM 3BE3JIbI «2»

Vcranosiiena CBaA3L MEXKIY IMUPOTON MECTHOCTH M CKJIOHEHHAMU 3Be31 «1» m «3» | 14+141+1
-+ IOJIyI€HO KOPPEKTHOE BbIparKeHue JIJIsl BCIOMOTaTeIbHOTO yriia 3 + BBIYUCJIEHBI
mUpoTa + CKJIOHEHHE 3BE3bI «2»

[IpencraBieno sIBHO aHAIUTHYECKOE BbIPAXKEeHWe I TeJIECHOTO yIula mapoBoro cer- | 1+14+2+1
MeHTa, B TEpPMUHAX CKJIOHEHUS 3BE3/IbI + IMOJIYy9eHO TPUTOHOMETPUIECKOE YpaBHEHUE
OTHOCHUTEJIbHO CKJIOHEHUS 3Be3/bl «l» -+ I0JIydeHO ero pelleHue + IOJIydeHO KOp-
PEKTHOEe 3HaYeHNe CKJIOHEHUS 3BE3/IbI «3»

[Ipencrasiena dopmysia CBI3U CPETHETO CAMAPCKOTO U 30HHOTO caMapckoro Bpemenn | 1+1-+1+1+
+ opMyJia CBSI3U CPEIHEro U 3BE3JIHOIO BPEMEHH + BBIYHC/IEHBI 3Had9eHus npsiMoro | 1+1+1-+1
Bocxoxkaenus Cosnna + 38e311 «1»+<«2»+«3» + onpeje/iena JI0aroTa MecTa HabJIo-
JeHns + IBHO yKa3aHO MCKOMOE T'OCYJIapCTBO

Ne 6. «/leotinoe Coanue, Ix30-3emas u 30Ha obumaemocmu»

Yeaosue 1. NccnepoBaren KOCMOCa OOHAPYKUJIN 9K30IIAHETY, [TOJ0OHYIO 3eMile, JIBUKYIILYIOCs
BOKPYT JIBOITHOI 3B€3/IbI 110 0pOuTe, OJIU3KOI K KPYTOBOii, HA CPEIHEM PACCTOSHUM T (Hth{eM Ro < r,
rie Re — paguyce CosHia) or 1eHTpa Macce 3Toil nmapbl. KoMnoHeHTs! JBOHO 3Be3/1bl — GJIM3HeI,
noxobupie CoJinity, uMeronue GpopMy IIapa, ABUXKYIIUECs II0 OAHOM KPYroBoil opbuTe ¢ MUHUMAJILHLIM
BO3MOYKHBIM IIEPUOJIOM, HE UCIBLITbIBas ciustiusi. OpOUThl BCeX paccMaTPUBAEMbIX TEJ JIEXKAT B OJHO
mwiockoctu. Onpegesnre:

1. Pajmyc opbutsl -+ nepuos obpaiieHnst OJHOrO U3 KOMIOHEHTOB JIBOWHON 3Be3bl. (142 Gasia)

2. Ilepuos obpaieHnst 9K30IIAHETI BOKPYT [EHTPa Macc JABONHOI CHCTEMBI U €e CPEJHIOn OpOH-
TaJIbHYIO CKOPOCTh B TepMUHAX napamerpa 7. (2-+1 Gagur)

3. Munumaibioe (fuin) + MakcumasbHOe (fjax) 3HAUEHMsI COJIHEYHON MOCTOSTHHON Ha opbure
9K30IIaHeThl. VI3MeHeHneM paccrosinust 1 npenebpedn. (22 Gasia)

4. Oupenesinre 3aKOH M3MeHeHUs! (a3bl JBOINHON 3BE3bI, OIpeIe/sieMoil (bopMyIoil Buia:

Svis

)
Smax

Pyg = (43)
00yCJIOBJIEHHON 3aTMEHUEM OJIHOTO KOMIIOHEHTA, JIDYTUM KaK (DYHKIIUU YIJIA (¢ MEXK/y OTPE3KOM, CO-
€JIMHSIIOIIIM IEHTPBI JIAHHBIX 3BEe3]1, ¥ PAINyCOM OPOUTHI 9K30ILIAHETHI, IPOBEIEHHBIM OT IEHTPA MAaCcC
JIBOIHOI cucTeMbl K 9k30mianere. B dopmyie (43) Syis — IUIOMAb BUIUMBIX JUCKOB JIBYX 3BE3J[ C
no3urnuu HabJIIOJATe s, PACIIOJIOKEHHOTO HA 9K30ILIAHETE, Spax — MAKCHMAJIbHAS ILIOMIA/b BUIUMbBIX
JIICKOB 3Be3J1, JIOCTYIHAsT HAOJIIOIeHUsIM ¢ TOl ke no3unun. (4 Gauia)

Ycaosue 2. B acrpodusuke 1o 30101 06umarus TPAJIUIMOHHO TOHIMAETCsS 00JIaCTh IPOCTPAH-
CTBa OKOJIO 3Be3ibl (B BUjie cHepUIecKoro cJjiost), BHyTPU KOTOPOIi BOJA MOXKET MOCTOSHHO HAXOJUT-
ca B xkuakon daze. Ilpeamnonaraercs BO3MOXKHOCTDL CYNIECTBOBAHUS BHE3EMHBIX (DOPM KW3HH, IIO-
JIOOHBIX 3€MHBIM, I[IPU JABJICHUAX, OJMU3KUX K 1 arMm, u jguanaszoHe remreparyp Ty, = 273.16 K,
Tinax = 373.15 K Bombr B xKumkoit dase.

5. Onpenenure pajnycbl HUZKHEN 1 BEPXHEH TPaHUI] 30HBI 0OUTAEMOCTH JIJIs SK30ILJIAHEThI, TPEObI-
BAIOIIEN B 3JIEKTPOMATHUTHOM HM3JIyYE€HUH JIBOMHOMN 3BE3JIBI, €CJU CPETHSS TeMIIEpaTypa MOBEPXHOCTH
Bemumn pasna Ty, = 288 K. Oupeeure BO3MOXKHBIE 3HAYEHIS TPOIOJZKATEILHOCTH FOIA /IS 9K30ILIa-
HETBI, €CJ/IN TIOC/IeTHSIS PACIIOIAraeTCsl BHYTPU 30HBI obuTaeMocTu. Bee XapakTeprucTuku 9K30ILIaHeTh
TOXKJIECTBEHHBI XaPaKTEPUCTUKAM 3€MJIM, MAJIBIMU KOJEOAHUSIMU BEJIMIUHBL T IpeHebpedb. (6 6asios)

Pewenue. 1. Fciu 3Be311p1 Januoil mapsl — OJjin3Hersl, 110100Hb1e COJHILY, JBUXKYIIUECS 110 OJIHOM
KPYyTOBOil OpOUTE ¢ MUHUMAJBLHBIM BO3MOYKHBIM II€PUOJIOM, HE HCIILITHIBASI CJAUSHUS, 3HATUT PAIAYC
UX OPOUTHI PABEH PAJMYCY KaXKJIOTO U3 TeJl, T. €. yx = Re. JlelicTBUTEIBHO, YeM MEHbIIe PACCTOsIHUE
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a) Bun Ha 1BOiiHYIO0 3Be371y € TOBEPXHOCTH K30IUIAHETHI 6) Bux Ha 1BOHYIO 3BE3ly C CEBEPHOIO MOJIIOCA HK30IUIAHEThI

Puc. 8. K onpenenennio dasbl IBOIHON 3BE3IbI ¢ MO3UIINN HAOIOZATENST, PACIOIOKEHHOTO Ha 9K30-
IJIaHETe.

MEXKJIy TeJIAMHU, TeM MEHbIIe UX MePUOoJ OOpAaIleHusi, ¢ IPYTroil CTOPOHDI, 9TH 3BE3/bl HE UCIILITHIBAIOT
CJIMSTHUST, 3HAYUT OHU MOLYT JIMIIb KacaTbCst APYTY JAPYra, IPH STOM TOYKa UX COIPUKOCHOBEHUSI €CTh
HeHTp Macce 1ol napel. (1 Gaswur)

C ucnonb3oBanueM Tperbero 06obmenHoro 3akona Keruiepa soraucium nepuos T obpaienust ta-
KOIf Iapbl OTHOCHTEJILHO IeHTpa Mace (2 Oasuia):

T2 9 . 3 3/2
(Mg + o) = ( “3) Co mo=ome (22} 2 0.232 cyr = 556 waca, (44)
(Mo + M) Ty as, ag

zrech Me, Mg — macca CostHna 1 3eMiin COOTBETCTBEHHO, Ty, Agy — 3BE3JIHBIN IOl U PAJIMYC OPOUTHI
Semun.

2. Cortacao yenoBuio Re < 1, 3HAYUT JAHHYIO TECHYIO JIBOWHYIO CUCTEMY 3Be3J] Ha MaciiTadbax
7 MOYXKHO PACCMATPUBATHL KAK OJHY MaTE€PUAJIBHYIO TOUKY, CJIEJIOBATEILHO K rape "jBoliHas 3Be3ja-
sK30IUIaHeTa" MOXKHO BHOBb HPHMeHHTD 3-if 3akon Kemepa (2 6asia):

(2Me + Ma)T,; 1 - _\/§T r\*?
(Mo +Me)T2 @)’ PTo2 70 '

(45)

2 ag

[TockoibKy opbuTa 9K30IIAHETHl OUIM3Ka KPYroBOil, TO OPOUTAILHYIO CKOPOCTH MOYKHO OIIPEIEJIHTH
BoIpazkenueM Bua (1 Gasur):

2mr 2mag |ag ag 2mag
Vo= =V2—/— = V2V / — Vo = —— 46
b= = VIS = VAVe 58, e Ve = T2, (46)

31ech Vg — cpejiasisi opOUTajibHAasT CKOPOCTH 3€MJIN.

3. OueBn/HO, COJIHEYHAs MOCTOsIHHAS OyJer: 1) MUHUMAJIbHOM, B Ciydae KOIJIa OJ[HA KOMIIOHEH-
Ta, JABONHOI 3BE3/IbI IMOJHOCTHIO 3aKPbIBAET JAPYIYIO JJjid HADIIOAATE s, HAXOMAIIEr0Cs Y TOBEPXHOCTH
sk3omaaneTsl, (1 Gaswn) 2) MakcuMaJsbHOl, Korja oba KOMIIOHEHTa DACIIoJaraeTcs Ha HPSMOIi, mep-
HEH/IMKYJISIPHON HAIPABJIEHUIO Ha dK3omtanery. (1 G6an) JlaHHble BEJIMYMHBI COJTHETHON ITOCTOSTHHOI
MOXKHO TIpeJICTaBuTh B Buje (141 Gaswn):

Lo 2L

fmin — m, fmax = m (47)

4. OueBUaHO, YTO MaKCHMAJIbHAS IJIOMAIbL ABYX JIUCKOB 3B€31, HaOJIIOJAeMbIX OJIHOBPEMEHHO, €CTh
Shax = 27 9’{% Omnpenennm wiomaab Syis. st sToro pacemorpum puc. 8.a). OueBUiHO, MOJHAST BH-
JIMast IO (b JIBYX JIMCKOB B TAKOM B3AaMMHOM DACIOJIOXKeHWUHU Iipejicrasisiercs B Buje (1 6aswr):

Seis = 27 R% — SABED:

31ech SAppp — wiommaas urypsl ABE D, orpannyernas JyraMu OKpPYZKHOCTEH TPAHUIL JIUCKOB 3BE3/1,
COOTBETCTBYIONIAs 00JIACTH 3aTMEHUsI BTOPOil 3Be3/bl TesioM 1epBoil. [lockonbKky Re < 7, TO Oyiiem
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npenebperaTh pasHHIeil pasMepoB 3Be3J] ¢ HO3UIINN HAOII0ATesl, PACIOIOKEHHOIO Ha IOBEePXHOCTH
mianersl. Torna ¢urypy ABED MOXKHO IIPeACTaBUTbL B BUJE CYMMbBI JIBYX OJMHAKOBBIX KPYTI'OBBLIX
cermentos: DABC' u DEBC'. Torna Sapep = 2Spapcr. Ilnomans kpyrosoro cermenta DABC'
MOZKHO IIPeJICTABUTL B BUJE pasHocTeil miomajeii Kpyrosoro cekropa Oy BED u pasHoGeIpeHHOro
rpeyrosibauka AO1BD. Torna wiomans Sapgp 3anuiercs B suge (1 6aswn):

1 .
Sapep = 2Spapc = 2(So,BED — Sro,BD) = 2 <7T 9‘%% — 59‘% sin ¢> :

OrpejiesiuM CBsi3b MEXKJY yIVIOM ) u yriioMm . [ljist 9Toro 3amMeTuM, 9TO ¢ OJHON CTOPOHBI U3 IIPsi-
moyrosbaoro AO1BC” (puc. 8.a) caenyer, aro O1C" = Rg costp/2. C apyroit cTOPOHBI, MOCKOJIb-
ky 01C = CO3, 10 cornacuo teopeme Pameca 01C" = C'0O). Cnenoparensho, O1C" = %OlOé =
%0102 sin p = Rg sin . B urore nosyvyaem cBsizb Mexky yriaamu sujga (1 6aswn):

Re cos/2 =NRaesingp, = cosp/2 =cos(m/2 — ), =1 —2p.

B nrore daza npenacrasisiercss B Buge (1 6as):

Pws = ==

2rRY - (MB(m —2¢) —Risin2p) 1 o
27 9’{% 2 7

1 0
+ —sin2¢p, opn 0 < < —. (48)
2m 2
5. IIycrb Ha IOBEPXHOCTD 9K30IJIAHETHI NAIAET JEKTPOMArHITHOE U3JIyYeHIe OT JABONHOI 3Be3/1bI
unTeHcuBHOCTEIO Z. Torga cooTBeTCTBYIOMNUIT IOTOK U3JLydeHns Oy1eT paBeH

Dy = TR (49)

Houst (1 — Ag) or noroka P,y HOMIOMAETCS TOBEPXHOCTHIO TIAHETHI. DTY JIOJII0 MOKHO OXapaKTepH-
30BaTh MOTOKOM P p:

Dops = (1 — Ag)Ppay = (1 — Ag) T - TR2. (50)

CortacHO 3aKOHY COXPaHEHUS SHEPIHUH, B COCTOSHUH TEILIOBOTO PABHOBECHS, KOJTUIECTBO SHEPTUH, 110~
[JIOIIEHHOM ILJTAHETON 38 KAKO-IMO0 ITPOMEXKYTOK BPEMEHH, JOJI2KHO ObITh PABHO KOJTUIECTBY SHEPIHH,
U3JIyYCHHON B OKPY2KAIOIIEE MPOCTPAHCTBO. JK30ILUIAHETY Oy/IeM CUUTATh CEPBIM TeJIOM ¢ Koadduiu-
€HTOM YepPHOTBI £g U CPeJiHeil TeMIlepaTypoil ITI0BePXHOCTU Tp, TOr/Ja IIOTOK 9HEPruu, UCIIyCKaeMOil ero
B BUJE 3JIEKTPOMArHUTHLIX BOJIH, MOXKHO OIIMCATL IIOTOKOM

Praq =47 R eq -0 T (51)

Toryia ypaBHeHHe sHEpreTuvIeckoro bajanca npejcrasisiercst B Buje: ®apg = Praq mwin (1 6aswn)

4 (1 _ A@)Z

2 2 =4 -
(1-Ag)- I 7RG =47R5eq-0-1T,, = T,= oo

(52)

Hasnee 3amernM, 4ro 9T00BI BOJA OCTABAJIACH PETYJISPHO B XKUJKOH (ase Ha HUKHEN rpaHuie (Tmin)
B 30HE ODUTAEMOCTH, HEOOXOAUMO YTOOBI IIPU MAKCUMAJbHOM 3HAYEHUU COJTHETHON MOCTOSHHON frax
BO/Ia He 3aKUIlaJla Ha [IOBEPXHOCTU IK3OILJIAHETHI, T. €. CPeHAs TeMllepaTypa IIOBEPXHOCTU IIJIAHETHI
ObLIa He 6OJIbIIe TEeMIIEPATYPbI KUTTEHUSA Tyayx. AHAJIOIMYHO PACCYKJIAsl, TPUXOJAUM K 3aKJIIOYEHHIO,
9TO YTOOBI HA BEPXHEH rpaHuiie (rmax) 30HBI OOUTAEMOCTH IPU MUHUMAJILHON COJTHETHON IOCTOSTHHO
fimin, BOJA He JIOJ2KHA KPUCTAJIJIU30BATBCS, TO €CTh CPEIHSS TeMIIEPATyPa MOBEPXHOCTH SK30ILIAHEThI
He JIOJKHA ObITh MEHbINe TeMIlepaTypbl KPUCTALIN3au Bojbl, Tiin. B upeene nonyyaaem (0.5+0.5
6aJL):

(1-Ag) 2Le /(1 - Ag) Lo
Tmax = { , Tmin = . 53
e dego 4m(r2, +R2) ™" deg o AT (Fmax — Re)? (53)
Bamumem Temuneparypy Juisi 3emun (1 6aswn):
- (1-A4g)Lo Lo
Ty = | ————, = . 54
@ 16meg o aé rae yureno fo a7 aé (54)
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Pasyenus kaxoe Boipaxkenue (53) Ha pesyiabrar (54) U BBIIOJIHUB psj| ajrebpanvdecKux Ipeodpaso-
BaHUii, I0JIydaeM pajiuychl Jijisi HUZKHEl n BepxHeil rpanutt 30Hb1 obutaemoctu (141 Gasuia):

- 9 =\ 2
T, T,
Fmin & V206 <T e ) = 0.842 a.e., Tmax = Re + ag <T—@> =1.116 a.e. (55)

max min

CooTBeTCTBYIONIIE 3HAYCHUS! CUJIEPUYIECKOr0 TIePUOo/ia 00paleHnst 9K30IIAHeTHl BOKPYT JBONHOI 3Be3-
JIbl, COITIACHO BbipaxkeHuio (45), npezcrasisiercst B Buje (0.540.5 Haswa):

T(™™ = 0.546 rox = 199.5 cyr, T\™*) = 0.834 rog = 304.6 cyr. (56)

Pexomerndauuu 0as sHCropu.
BrimostTHeHHas1 4acTh pelieHust 3a1a49u Baan

Berauciienst pajimyc opouThl + 1epuoji 0OpalieHus 0JJHOTO U3 KOMIIOHEHTOB JIBOWHOM | 142
3BE3/IbI

Boruanciennr epuos obpailienust 9K30IIaHeThl BOKPYT IIEHTPa Macc JABOHHOM cucre- | 2-+1
MBI U €€ CPEJiHssi OpOUTAIbHAS CKOPOCTD

Jlano dpusmaeckoe 060CHOBAHNE MUHUMAJILHOTO + MaKCHMAJILHOI'O 3HadeHuil coned- | 1414141
HOW MOCTOAHHON M WX CBA3b CO B3AUMHBIM PACIIOJOXKEHUEM KOMIIOHEHTOB JIBOWHONI
CUCTEMBI U 9K30ILIaHeThl. 110y YeHbl siBHbIEe AaHAJIUTUIECKIE BHIPAXKEHUST I fmin +
fmax

3alncaHo BhIpaykeHue JIst ILIOMIA M BUIUMBIX JUCKOB JBYX 3Be3]1 ¢ HO3ulun Habo- | 14+1+1+1
JaTess B TepMUHAX IJIOMIAN KPyTra U YJIBOEHHOTO KPYTOBOT'O CEIMeHTa, + BhIUUCIEHA

ILIOIIA/TH YIBOCHHOI'O KPYTOBOI'O CEIMEHTa B TEPMUHAX YTJIA 1 + yCTaHOB/IEHA SIBHAS
CBsI3b MEXKJIy YIVIOM 1) U YIJIOM (¢ + IIPeJICTaB/I€HA B siBHOM BHjIe MCKOMas ¢daza B
TepMUHAX TIapamMeTpa @

[Tostyueno siBHOe aHAJIMTHYECKOE BbIpakeHue Jyist cpejHeil apdekrusHoii Temuepa- | 14(0.5+0.5)
TYPbI IOBEPXHOCTH IK30ILIAHETHI -+ C UCHOJIB30BAHUEM II0JIYYEeHHOTO BbIpaxKkeHus 3a- | +1+(1+1)
[IICAHO JIBA [IPEJIeIbHBIX YPABHEHMUsI, YI0BJIETBOPSIONINX YCAOBHUIO KUIKOH Bojbl, + | +(0.5+0.5)
zanmucana GopMyJia Ui CpeaHeil TeMIepaTypbl MOBEPXHOCTH 3eMJIA + IIPEJICTaBIIe-
HbI SBHO aHAJUTUYIECKIE BhIPAXKEHUS JIjIs PAINYCOB HUKHEN 1 BEpXHEH I'PaHUIL 30HbI
0OUTAEMOCTH + BBIYUC/IEHBI COOTBETCTBYIOIINE CHICPUICCKUE ITEPHUOILI OOpaIeHUs
ILJIAHEThI

Ha pewenue 3aday darrozo amana Oaumnuadsv Yy4acmHuram 0meodumcs 4 4aca.
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OcHoBHbBIE CIIpaBOYHbI€ JaHHbIE

§1. OcHoBHBIE (bI/IBI/IquKI/Ie " aCTPOHOMMUYECKUEe IMOCTOdAHHbIe

Ipasumayuonnas nocmoannaa — G = 6.674 - 1071 a3 kr~ 1. ¢2

Cropocmu ceema 6 sarxyyme — ¢ = 2.998 - 10° a/c

Yuueepcasvhan 2azosan nocmoannas — R = 8.31 kr-m?- ¢ 2K~ 1. momp ™!
Hocmosannas Cmegana-Bomvumana — o = 5.67 - 1078 kr.¢c™3. K4

Macca npomona — my = 1.67 - 10727 kr

Macca snexmpona — me = 9.11 - 10731 kr

Acmponomuneckas edunuya — 1 ae. = 1.496 - 10 u

Hapcer — 1 uk = 206265 a.e. = 3.086 - 10! m

Ceeomosoti 200 — 1 cB. 1. = 9.461 - 10 &

Iocmosmmnasn Xa66aa — H = 70.0 km-¢— LMkt

§2. Tauubie o CoJHIile

Paduyc — 6.955 - 10° km

Macca — 1.989 - 103 kr

Ceemumocmv — 3.827 - 1026 Br

Cnexmpanvrviti kaace — G2

Budumasn susyasvras 36e3dnas sesuvuna — —26.74™
Budumas 6oromempuneckas 36esdnas seauduna — —26.80™
Abcorrommnan boromempuueckas 36e30nas seaununa — +4.83
Ioxazamenrv ysema (B-V) — +0.67"

dfpexmustan memnepamypa — HT78 K

Cpednuti 2opusormanvuuiti napararce — 8.794”
Hrmeeparvroti nomok snepeuu na paccmosanuy, 3emau — 1360 Bt/ M2

ITomox snepeuu 6 sudumoir aywax na paccmosanuy Jemau — 600 Br/ M2

§3. /launbie o 3emJie

Ixcuenmpucumem opbumuv, — 0.017

Tponuveckuti 200 — 365.24219 cyT

Cpedusas opbumanvrasn ckopocmsv — 29.8 KM/ c

Hepuod epawernusn — 23 gaca 56 muayT 04 CEKyHIbI

Hax.non sxeamopa % sxaunmuxe na snoxy 2000.0 — 23° 26/ 21.45"
drsamopuasvhoill paduyc — 6378.14 kM

Hoasproiti paduyc — 6356.77 KM

Cpednuii (no obsemy) paduyc — 6371.01 km

Macca — 5.974 - 10%* kr

Cpednasn naommocms — 5.52 r-cM™
O6semmviti cocmas ammocgepo, — No (78%), Og (21%), Ar (~ 1%)

3

§4. Tauubie o Jlyne

Cpednee paccmosanue om Semau — 384400 km
Murumanvroe paccmoanue om Semau — 363300 kM
Maxcumanvroe paccmosnue om 3emau — 405500 kM

Ircuenmpucumem opoumuv, — 0.055
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o Haxnaon naockocmu opbumot % sxaunmuxe — H°09

e Cudepuueckutl (36e30nviti) nepuod obpawenus — 27.321662 cyr

e Clunoduuecxkut nepuod obpausernus — 29.530589 cyr
e Paduyc — 1738 km

e Macca — 7.348 - 10?2 xr wm 1/81.3 maccer Semmm

o (Cpednsasn naommocms — 3.34 r-cMm™

3

e Busyaavroe zeomempuueckoe aavbedo — 0.12

e Budumasn 36e30nan 6eauduna 6 nosnoayrnue —12.7M

§5. ®usmnyeckue xapakrtepuctuku CoJHIIA U MJIAHET

ILmamera Macca Paanyc ILmor-| Ilepmon Haxmon Teo- Bug.
HOCTB | BpallleHHUsI | S5KBaTOpa | MeT- 3Be3/I-
BOKpYT K ILUIOC- | pWd. Hast
ocu KOCTH apbe- | BeJin-
OpOUTHI 710 TJrHa*
KD MacChbl | KM pajan- | r-cm 9 rpaiychbl
Semin YCBI
Sem-
JIn
Coutarie 1.989-10%0 | 332946 | 695500 108.97 | 1.41 | 25.380 cyr | 7.25 - —26.8™
Mepxypuit | 3.302-1023 | 0.05271] 2439.7| 0.3825| 5.42 | 58.646 cyt | 0.00 0.10 —0.1
Benepa 4.869-10%* | 0.81476] 6051.8| 0.9488 | 5.20 | 243.019 177.36 0.65 —4.4™
T
cyT
Semist 5.974-10%* | 1.00000] 6378.1| 1.0000| 5.52 | 23.934 wac | 23.45 0.37 -
Mapc 6.419-10%3 | 0.10745| 3397.2| 0.5326| 3.93 | 24.623 wac | 25.19 0.15 —2.0m
FOnurep 1.899-10%7 | 317.94 | 71492 | 11.209| 1.33 9.924 gac 3.13 0.52 —2.7Tm
CarypH 5.685-10%% | 95.181 | 60268 | 9.4494| 0.69 | 10.656 uac | 25.33 0.47 0.4™
VYpan 8.683-10%° | 14.535 | 25559 | 4.0073| 1.32 | 17.24 wac’ | 97.86 0.51 5.7
Herryn 1.024-10%° | 17.135 | 24746 | 3.8799| 1.64 | 16.11 wac | 28.31 0.41 7.8™

* JLJIA HaubOJIbIIel QJIOHT Al MepKypI/IH " BeHepH u CpeJHero IpoTUuBOCTOAHNSA BHENIHUX IIJIaHET]

+

— obpaTHOe BpallleHue.

§6. XapakTepucTuku OopoOuUT IJIaHET

IInanera Bousbmias moxyocs | Dxe- Hakmoun « | Ilepuon Cunoiu-
eH- IUIOCKOCTH | oDpaleHns | 9ecKuit
TPUCH- | SKJIUNTUKA [IepPUo/T
TeT
MJIH. a.e. IPaJLyChI cyT
KM
Mepxkypuit | 57.9 0.3871 0.2056 7.004 87.97 cyr 115.9
Benepa 108.2 | 0.7233 0.0068 3.394 22470 cyr | 583.9
Semts 149.6 1.0000 0.0167 | 0.000 365.26 cyr | —
Mapc 227.9 1.5237 0.0934 1.850 686.98 cyr | 780.0
FOmurep 778.3 | 5.2028 0.0483 1.308 11.862 mer | 398.9
Carypu 1429.4 | 9.5388 0.0560 2.488 29.458 ner | 378.1
Vpan 2871.0 | 19.1914 0.0461 0.774 84.01 ser 369.7
Henryn 4504.3 | 30.0611 0.0097 1.774 164.79 mer | 367.5
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R JJId ITIOJIHOJIYHU A UJIN CPpeJIHEero IIPOTUBOCTOAHUSA BHEHUIHUX IIJIAHET]

+

§7.

XapaKTepUCTUKN HEKOTOPBIX CILyTHUKOB MJIaHET
CryTHuk Macca Pamguyc | Ilnor- | Pamnyc Ilepuos Teo- Bun.
HOCTH | OpOUTHI obparre- MeT- 3Be3I-
HUs pu. Has
aypbe- | BeJn-
10 quHa*
KD KM r-cM 0| KM cyT
3emuis
JIyma 7.348 -10%2 | 1738 3.34 384400 27.32166 | 0.12 —12.7
Mapc
Poboc 1.08 - 106 ~ 10 2.0 9380 0.31910 0.06 11.3
Heiimoc 1.8-1015 ~6 1.7 23460 1.26244 0.07 124
FOnurep
No 8.94 - 10% 1815 3.55 421800 1.769138 | 0.61 5.0
Espona 4.8 -10%2 1569 3.01 671100 3.551181 | 0.64 5.3
Panmven | 1.48-10%% | 2631 1.94 | 1070400 7.154553 | 0.42 4.6
Kanmucro | 1.08-10%3 2400 1.86 1882800 16.68902 | 0.20 5.7
CarypH
Tedua 7.55 - 10%° 530 1.21 294660 1.887802 | 0.9 10.2
Inona 1.05 - 10 560 1.43 377400 2.736915 | 0.7 10.4
Pes 2.49-10%! 765 1.33 527040 4.517500 | 0.7 9.7
Turan 1.35-10% 2575 1.88 1221850 15.94542 | 0.21 8.2
HAner 1.88 - 102 730 1.21 3560800 79.33018 | 0.20 ~11.0
VYpan
Mupanma | 6.33-10%° 235.8 1.15 129900 1.413479 | 0.27 16.3
Apwane 1.7-10% 578.9 1.56 190900 2.520379 | 0.34 14.2
VYubpuaas | 1.27 - 102 584.7 1.52 266000 4.144177 | 0.18 14.8
Turanus 3.49 - 102! 788.9 1.70 436300 8.705872 | 0.27 13.7
Obepon 3.03-10%! 761.4 1.64 583500 13.46324 | 0.24 13.9
Hentyn
Tpuron 2.14-10% 1350 2.07 354800 5.876851 0.7 13.5

— obparHOe BpalieHue.

§8. ®opmMyJibl TPUOJINIKEHHOTO BHIYUCIJIEHUS

sinx ~ tgx ~ x;

sin(z £ o) & sina £ x cos a;

cos(z + a) ~ cosa F z sin q;

tglx o) mtga £

(14+z)" =1+ nu;

3Jiech T <K 1, BCe yIVIbl BbIparKaloTCs B pajuaHax.

X

cos? o’



