Bcepoccuiickas o1uMnuaaa MKOJLHUKOB 10 actTponomun — 2018

PernonajnHbIN dTAN

9 kjaacc

1. YcaoBue. 13 kakux o6nacTeil 3eMHON TMOBEPXHOCTH BO3MOXKHO OJHOBpPEMEHHOE HalmtoeHne Apkrypa (o
Bonomnaca) u Xangapa (B LlentaBpa)? KoopauHatel 3TUX 3Be311 cuuTaTh paBHbIMU oj=14.04, §;=+19°; a,=14.04,
0,=60°  cooTBeTCTBEeHHO.  ATMOchepHON  pedpakmueii U  MOTJOIMEHHEM  CBeTa  MpeHeOpedb
(4.H. Axunvuuros).

1. Pemenune. Kax BugHO 13 ycinoBUA 3a/1a4H, IPSIMbIE BOCXOXKIECHMSI IBYX 3Be3]l coBnaaarT. CienoBareiabHoO, B
11000M IMyHKTe 3eMJIM UX BEpXHHE KyJIbMHHAIMM OyayT MPOUCXOAMTH OAHOBPEMEHHO. Tak Kak HaMm HyXHO
HaWTH MyHKTbI, rAe ApKTyp W XaJgap MOTyT BMECTE€ HAXOIUThCS Ha HeOe XOThb B Kakoe-HUOyIb Bpems,
JOCTaTOYHO PACCMOTPETh TOJIBKO Hanbosee OaronpusTHbIE MOMEHT: BEpXHUE KYJIbMUHALMU 3TUX 3Be31. [l
BBICOTHI 3B€3/Ibl B BEPXHEH KyJIbMUHAIIMHM MBI MOXEM 3aIIMCaTh BbIpaKEHUE!

h=90°—|¢ - 9],

rZie (¢ — HIMPOTa MECTa, O — CKIOHEHHE 3Be3bl. UTOOBI 3B€3y MOXKHO OBUIO YBHIIETH, BBICOTA /I TOJKHA OBITH
TIOJIOKUTETBHOH (pedpakuueil u aTMOCepHBIM TIOTJIONIEHHEM CBETa MBI IIpeHeOperaem). OTcro1a Mbl IMEEM

lp — 81 < 90°; | — 82 < 90°.

[IepBoMy ycClOBHIO YIOBIETBOPSET IWAIa3oH MUPoT ¢ oT —7/1° go +90°, Bropomy — ot —90° no +30°. Urak,
Apxktyp u Xaznap MOXKHO yBHIETh Ha HEOE OJTHOBPEMEHHO Ha mIMpoTax ot —71° go +30°.

1. Cucrema ouennBaHusi. Brie ObII0 MpuBeaeH HanboIee MPOCTON CIIOCO0 pelIeHus 3aa9d, OJTHAKO OH He
SBJISIETCS. €IMHCTBEHHO JOMYCTUMBIM. YUYAaCTHUKU OJUMIHNAAbI MOTYT OINpPEAETUTh BCIO 00JIACTh BUAMMOCTH
Ka)KILOfI H3 3BC3]] HAa IMOBCPXHOCTHU 3emuiu AJI1 OIIpCACJICHHOIO MOMCHTA, 3aTCM CTPOUTH MEPCCCUCHUC ITHUX
obnacrtei, oOpUCOBBIBAs €r0 IIMPOTHBIM AMamna3oH. BO3MOXXHO TOCTpOEHHE CYTOUYHBIX MyTeld ApKTypa U
Xanapa Ha HeOecHOHM cdepe pa3HBIX MIKUPOT U BbIIEICHHE MOMEHTOB MX OJHOBPEMEHHOTO HAXOXKICHHS HaJ
TOpU30HTOM. Bce 3TH cmocoObl CUMTalOTCS MPaBUWIIBHBIMHU M OLEHUBAIOTCS MAaKCHUMaJbHO MpPH YCIOBUU
BCPHOT'O BBINIOJIHCHUS.

B cnyuae pemienust 3agauu cnocoOOM, ONMMCAHHBIM BBIIIE, YYACTHUKH OJIMMITHAJbI JTOJDKHBI yKa3aTh,
4TO BCPXHHUC KYJIbMUHAILIUU 0601/IX 3BC3] MPOUCXOAAT OAHOBPEMCHHO, W I3TOT MOMCHT JOCTATOUYCH IJIA
paccMoTpeHHs. DTOT BbIBOJ olleHuBaeTcs B 2 Oamna. Eciu oH He AenaeTrcsi, U y4aCTHHUK OJIMMITMAIbI Cpasy
OMpCACIIsICT BBICOTHI 3BC3/ B BerHefI KyJIbMUHAllUU B 3aBUCHUMOCTU OT HIUPOTHI, MAKCUMaAJIbHAA OLICHKA HC
MOXET MPEBHIIATH 6 0aJIOB.

Cnenyromue 2 6ajia BHICTABISIOTCS 32 MPABHIBHOE UCIOIB30BaHKUE (POPMYJIIBI ISl BHICOTHI B BEPXHEH
KyJbMHUHAIIMK, KOTOpash MOXET ObITh 3amucaHa Mo-IpyroMy — 0Oe3 3Haka MOAYJs, B pa3HOM BHJIE JUIS
KyJIbMHHAIIUU K IOTY U CCBCPY OT 3CHUTA. Ecmu YYaCTHHUK OJIMMIIHUAAbI 3alIUCBIBACT €€ TOJIBKO B OAHOM BHUJC,
HarmpuMmep

h=90°—-¢ +9,

Nojy4asi B UTOTe OTpaHMYCHHE Ha MIMPOTY TOJbKO it Xamapa (9<30°), To 3a 3TOT M MOCIEAYIOMUI dTamn
peleHus BBICTABIISIETCSl TOJIBKO IMOJIOBMHA 0ayuioB (mo 1 Gayury 3a Kaxnelid) ¢ oOmieit orneHkoi He Oonee 4
0aJuIoB.

[TpaBUIbHOE YHCIIEHHOE ONpEETICHUE OTPAHNYCHHUS Ha IHUPOTY OT KaKJOW M3 3Be3 OL[EHUBAETCs 10 |
6ammy. Hakonen, ¢popMyTupoBKa OKOHYATEIFHOTO OTBETa OleHHBaeTca B 2 Oamna. OHM He BBICTABISIIOTCS B
cllydae HEIMOJHOTO aHalIN3a BepXHEH KyJIbMHUHALINHU, OITMCAHHOTO BBIIIIE.



2. Ycaosue. ITocaennee npotuBoctosinue CatypHa coctosioch 15 utong 2017 roga. B kakom Gnmxaiiiem
KaJIEHAApHOM TO/y MPOTUBOCTOSAHUA 3T0H 1utanetsl ¢ ConHueM He Oyaer? Opoutsl 3emnu u CaTypHa CUUTATh
kpyroBeiMu (E.H. @aodees).

2. Pemienue. B ciyuae kpyroBeix opout 3emnu u CatypHa cuHoanudeckuid nepuoj CaTypHa ecTh BelIUYHHA
nocrosiHHas. Ee MOXXHO omnpeaenuTh, UCXOJs W3 BEIWYMHBI opOuTaimpHoro nepuoga CartypHa (29.458 ner),
MOXKHO B35ITh U3 CIPABOYHBIX JaHHBIX. OHa paBHa (29.458/28.458)=1.03514 rona unm 378.1 nenn. Kaxnaprit
cienyromuii roa npotuBoctosiHue CarypHa Oyaet Hactynath Ha 13.1 nenp (unu Ha 12.1 geHb 111 BUCOKOCHBIX
JIeT) IO3KE, YeM B MPEABIAYIIEM TOly, TO €CTh B cpeiHeM Ha 12.85 mHeil mo3ixke, ueM roj Hasal.

Ot 15 utonsa no 31 nexaOps npoxoaut 199 nueit. Paznenus 3to umcio Ha 12.85, nmomywaem 15.5 ner.
Uepes 15 ner (B uucne kotopeix Oyzaer 4 BucokocHbix — 2020, 2024, 2028 u 2032) nata mpOTUBOCTOSHUS
Carypna cmecturcs Ha (4*12.1)+(11*13.1)=192.5 nus. CnenoBatenbHo, B 2032 TOay NPOTUBOCTOSHUE
npouszoiaer 24 unu 25 nekabps (B peanbHocTH — 24 nexadbps B 23u UT). Cuenyromiee MpOTHBOCTOSHUE
coctoutcs yxe B sisuBape 2034 roxa. [IpotuBoctostaust Carypna ¢ Connuem He ciyuutes B 2033 rony.

Mo3kHO paccyXaaTh IPYTUM, TOX0KHM CIIOCOOOM. 3a YeThIpe rojia, CPeau KOTOPhIX 3 OOBIYHBIX U OAHH
BHUCOKOCHBIH, 1aTa NpoTUBOCTOSHUS cMecTuTCs Ha (1 - 12.1) + (3 - 13.1) = 51.4 nHa. 3a 3 TakUX YETHIPEXIIETKU
naTa MPOTUBOCTOSIHUSL cMecTUTCs Ha 154.2 must (310 Oyzaet B 2029 roay). 3a nBa HeBUCOKOCHBIX rona (2030 u
2031) nmpotuBocTOsiHUE cMecTUTCs erle Ha 2-13.1 = 26.2 nHs, a 3a BucokocHsiid 2032 rox — eme Ha 12.1 aHs u
cocTaBuT 192.5 qHs, KaK Mbl U MTOJYYUJIH BBILIE.

2. Cucrema ouenuBanus. [IepBbIM 3TanoM penieHus 3a/1a4u SBISETCS BHIYMCICHUE CUHOAUYECKOTO Meproaa
CarypHa 1100 B3ATHE €T0 MPABWILHOTO 3HAUCHUS M3 CIIPABOYHBIX JAHHBIX. DTOT ATAN PEIICHUS OICHUBACTCS
B 1 Oamn. Jlanee y4acTHUKM MOTYT MOHTH TMPOCTBIM CHOCOOOM, BBIMHCHIBAS JaThl MOCIEAYIOMIUX
MPOTUBOCTOSIHUM, HCXOJS W3 3HAYEHMs] CHHOJMYECKOro mnepuona poBHO B 378 nnel. [lpu ycrnoBum
MPABIJIBHOTO Y4eTa BUCOKOCHBIX JIET 3TH PACCYXACHUS MPUBOJAT K MPaBUIHLHOMY OTBETY C OOIEH UTOroBOi
orieHkoi 8 OamioB. Ecnu ¢akTop BHCOKOCHBIX JIET HE YUYHTHIBAETCS, TO, HECMOTpPS Ha MPABWIBHBINA OTBET,
OIICHKa CHIKaeTcs Ha 1 6amn (utoroBas — He Oosiee 7 6aoB).

[Tpu pemennu 3agaun ciocoO0M, OMMCAHHBIM BBIIIE, 2 0aia BRICTABISETCS 3a pacdeT 4ucia JTHEH OT
15 wions no 31 mekabps (wnu 1 stHBapst), emie 5 0auioB — 3a BBIYMCICHUE YMCIIA MOJTHBIX JIET 10 MOMEHTA,
KOT/Ia J1aTa MPOTUBOCTOSIHUS TIEPEUIET ¢ NeKaOpst Ha ssHBaph. Eciu (hakTop BUCOKOCHBIX JIET HE YUUTHIBACTCS,
oO1mras oleHKa CHIKaeTcs Ha 1 Oaiml.

B ostom xe ciywae, 5 OaqnoB 3a OCHOBHOW dTam pemieHUs (BBIYKCICHHE YHCIA TOTHBIX JIET)
pasfensioTcesl CIeAylomuM o0pa3oM: 4YHCIO JHEW, Ha KOTOpO€ CMeIaeTcs Jara MPOTUBOCTOSHHUS B
HEBHUCOKOCHOM ToAy — 2 Oamia, B BHCOKOCHOM Toay — 1 Oamn, mepexoi K 4YHCIy JIeT A0 Iepexoja
MIPOTHBOCTOSIHUSI B HOBBIN IO — 2 OaJa.

3. YcaoBue. CriyTHUK oOpaliaeTcsi BOKpYT chepuyecKoi TIaHETHI M0 JUTMNTHYECKON opoute. B mepuiienTpe
CIIyTHHK MMEET BBICOTY HaJ MOBEPXHOCTHIO Tu1aHeTsl 800 KM M opOUTaIbHYIO CKOpOCTh 12.3 KM/C, B amnorieHTpe

—2300 xm u 11.1 km/c. Onipeaenure CpeaHIO0 IIOTHOCTD MaHeThl (4. H. AKuHbyuKkos).

3. Pemenne. 3anuiieM BeIpaXeHUs JIsI CKOPOCTH TeJla B MIEPULICHTPE U allOIICHTPE OPOUTHI:

GM l+e GM 1-e
Vv, = 1/ v, = 1/ .
P > A
a l-e a l+e
3neck M — Macca MIaHeThl, a — 0OJbIIasl MOTYOCh OPOUTHI, € — €€ SIKCLIIEHTPUCUTET. Pa3enuB oqHO BhIpaxKeHHe
Ha JIPyroe, UMEEM:




Otcrona
e K=l _Ye=va _ sy,
K+1 v,+v,

J171s1 BBICOT CIIyTHHKA B MIEPULICHTPE M alIOLIEHTPE MOXKHO 3aIHCaTh:
hp=a(l—e)—R;ha=a(l +e)—R.
3nech R — paauyc miaHeThl. BbiuuTast U3 BTOPOro ypaBHEHHS MIEPBOC, HUMEEM:

h,—h, =2ae; a= hAz;hP = 14700 k.
e

Tenepb Mbl MOKEM HAWUTH PANYC TIJIAHETHI:
R=a(l—e)—hp=13150 xm
i 2.06 paguyca 3emin. Macca niaHeThl paBHa:

2
M=t 1= 30 0%
G l+e

niu 5 macc 3emutn. HakoHelr, INIOTHOCTD IUIAHETHI COCTABIISIECT

M

=3200 xo/m’

7 =

47R
win 0.57 OT TUIOTHOCTH 3EMITH.

3. Cucrema ouneHuBaHus. PemieHue 3amadum MOXXKHO TPOHM3BOIUTH pasHbIMH criocobamu. [lpu perienunn
CrocoO0OM, ONMHMCAHHBIM BBIIIE, MOCIEAOBATEIBHO HAXOATCS SKCIEHTPUCHTET opOuThl (2 Oarma), GombIas
mosryock opoutel (1 Gamr), paguyc turanetsl (2 6amra), mMacca miaHeTsl (2 0amia) W, HaKOHEI, TUIOTHOCTh
wianetsl (1 G6amn). IIpu pemeHuu ApyruM cnocoOoM HEOOXOAMMO TakKe pa30UTh €ro Ha COOTBETCTBYIOILIME
9TAIlbl, OLIEHUBAS KQKIBIH U3 HUX, UCXO/S U3 €r0 CIOKHOCTH.

[Tpu monymennn ommMOKM Ha OJHOM M3 ATANOB PEHICHUS OauIbl 32 ATOT JTAll HE BBICTABISIOTCA, a
MOCTIeIyIOIIUE OLEHUBAIOTCA TOJBKO B TOM Cllyyae, €ClM CJellaHHas OIIMOKa HE MPHUBOAHMT K 3aBEIOMO
a0CypIHBIM XapaKTEPUCTHUKAM IJIAHETHI.

4. Ycaosue. Tommmua mucka gHamed [anaktuku cocrasiasger 800 cBeroBrIX jieT. CONHIIE HAXOIUTCS BOIM3HU
MI0CKOCTH Muteunoro myTu. OueHuTe, CKOJIbKO 3BE3]] CO CBETUMOCTBIO MOPSAKA COJIHEUHOM MOXKHO YBUJIETH
co Bceil 3emmu B Teneckon TAJI-1 ¢ nuamerpom rinaBHoro 3epkana 110 mm? CunTaTh KOHIEHTPALMIO TAKUX
3Be3l B Jucke MieyHoro mytd mnocTosHHOW u paBHO#M 0.01 K . Mex3Be3IHBIM IIOTJIOIICHUEM CBETa
npenedpeub. (M.B. Ky3zueyos)

4. Pemienne. Onpenenum nNpenesibHy 0 3BE€3AHYI0 BeInUnHy 115 Teneckona TAJI-1:
m=6+51g(D/d)=12.3.

3necb D u d — nuametpbl oObekTHBa Teneckomna (110 mMM) m 3pauka riaza (6 mwm). Beruaumcnum Ttemepsb
paccTosiue, ¢ koroporo CoinHile OyJeT UMeTh TaKyI0 3BE€3/IHYIO BETHUUHY:



lgr = f; r =330 nx = 1000 cs.1em.

Ora BeIWYMHA 3HAYUTENHLHO OOJIbIIE TOJYTONIIMHBI JUCKa [ ajakTUKW, TOATOMY OOJacTh BHIAUMOCTH
COJTHIIETIOJOOHBIX 3B€3/I MOXXHO CUMTATh NUIUHAPOM paauycoMm r=330 nk u BeicoToit A=800 cB.iet (245 nk).
O06mwem aToro mumHApa OyIeT paBeH

V=nr’h=810" nK.

UYucno BuauMsbIx 38e3a N Oyzaet paBHo V-n wnu 800 Thicsu. 31€Ch 1 — KOHLIEHTpALMs 3B€3]] 3aJaHHOTO THIIA.

4. Cucrema oueHuBaHusi. J[J1s1 pemreHus 3amayv HEOOXOAWMO OIPEACTUTH MMPOHHIIAIOIIYIO CIOCOOHOCTH
teneckomna TAJI-1, uto onenuBaercs B 2 6amna. [Ipu aTom auameTp 3pauka riaza MoxkeT Opathcs oT 6 10 8§ MM
C MHTEPBAJIOM IPENETbHBIX 3B€3AHBIX BeMUyuH OT 11.7 10 12.3, yTo OyAeT BAMATH HA NadbHEUIITUE OTBETHI, HO
cuMTaercs npaBuiIbHBIM. OmnpeeneHne MaKCUMallbHOTO PacCTOSHUS, ¢ KOTOPOro OyAyT BUAHBI TaKHE 3BE3/bl,
olleHuBaeTcs enie B 2 6amna. [IpenenpHas 4yBCTBUTENBHOCTD Ii1a3a TAKXKE MOXKET OBITH B35Ta B IUAIa30HE OT 6
1o 6.5", uro He cumraercs ommOKoi. Jlamee HEOOXOAMMO CHENAaTh BLIBOI, YTO NPENEIbHOE PACCTOSHHUE
CYIIECTBEHHO OOJIbIIIE MONYTONIIUHBI AUcKa ['aJakTuku, U 00JIaCTh HAONIONCHUS TAKMX 3BE3[ MPEICTABISACT
coboit mummHp (1 6amn). Ecnu aToro He nenaercs, 1 0071acTh CUYUTAETCS CPEPUUECKOM, TO 3a BCE OCTaBIIEECs
pelieHue ¢ oTBeToM 1.5 MIIH 3Be3/1 BeIcTaBisieTcst He Oosee | Oanta ¢ obuieit onieHkoit He 6onee 5 6amIoB.

Hakownen, onpenenenne oobeMa JaHHON oOJjacTu OleHMBAaeTCs B 2 Oaisia, BHIYUCIEHHE KOJIMYECTBA
3Be3q — B 1 Oa.

5. YcaoBue. [Ipeanonoxum, 4yTo Bce 3Be3/1bl HAa HeOe, KaK U ToJIarajiy B IPEeBHOCTH, PACIIOIO0KEHBI Ha OOJIBIIOHN
XpycTanpHON cdepe, MBIKYIIEHCS BOKPYT 3eMJIM U TEM CaMbIM co3faroimei 3(h(eKT cyTouyHOTo BpaIlleHHUS.
Kakoli momkeH ObITh panuyc Takoil HeOecHOH cdepbl (B aCTpOHOMHUYECKHUX €IMHUIIAX), YTOOBI ee JTHMHEeWHas
CKOPOCTb Ha 3KBaTOpe ObljIa paBHA CKOPOCTH cBeTa?

AHakcuMaHAp U3 Mujera mpu 3TOM CUUTAJ, YTO 3BE3[bI — 3TO JIBIPHI B HeOE, Yepe3 KOTOphIe BHUJICH
"HeOecHbIN oroHp". YmioBoi nuametp 3Be3nnl Kanomyc paBer 0”.0069. Mor Obl 4esoBeKk TOTAa MpoJie3Th B
"neIpy", coorBeTCTBYMOIIYIO Kanomycy?

[Ipennonoxum nanee, 4yTo 3B€3[bl — 3TO MOCTOSHHbIE MCTOYHUKU CBETA, a 3BE3/IHbIE CYTKHM Ha 3emJie
yBenuuuBaroTcs Ha 2 Mc 3a 100 net. KakoBa ckopocTh pacmmpeHus: XpycTaabHoi cepsl, ecnu ee TUHEHHas
CKOpPOCTh BpAILEHUSI HA HKBAaTOpPE IOCTOSIHHA M paBHa ckopocTu cBera? Ha ckoibko 3BE3IHBIX BEIWYHMH
MOTYCKHEH OBl 3Be3/1bI cO BpeMeH AHakcuManpa (3a 2600 ner)? (E.H. @aodees)

5. Pemenne. Ha nanHbIil MOMEHT 3eMilsl TOBOPAUMBAETCSl BOKPYT cBoel ocu 3a Ty = 23u56M, T.€. ee ymioBas
ckopocth paBHa 2m/(86160 ¢) = 7.3-10° pag/c. B Hameil Mozmenn 3emisi HEMOXBIDKHA, a KPYTHTCS caMa
HeOecHas cepa C Takol ke YIIOBOM CKopocThio. OTCiOma ToJyd4aeM pacCTOSHHUE, Ha KOTOPOM JIMHEHHAas
CKOPOCTb TaKOI'0 BpAIllEeHUs JOCTUTAaeT CKOPOCTH CBETA:

R =510 41.10%0=275ac.
2

Beixoaur, uro panuyc HeOecHOM cepbl T0HKEH ObITh HEMHOTO MEHBIIIE CpeHero paccTosaus 1o Henryna. Ha
TaKOM paccTosiHuU yrioBoMy paszmepy 0”7.0069 coorBercTByeT MuHeHHBINA pasmep Ry (0.0069/206265)=140 kM.
310 paccrosiHEEe OoJiee YeM JIOCTATOYHO JUIS MPOXo/a 4YesoBeka. Jlanee, mpomomKUTEIbHOCTh 3BE€3IHBIX CYTOK
MEHseTCs Ha 3eMIie TUHEHHO 1o hopmyre

T(t)=T, + Tt

3neck Ty — MPOAOKUTENLHOCTh CYTOK B HEKMil HayanbHBI MOMEHT BpeMeHH, I - CKOPOCTb €€ M3MEHEHHS.
Torna paguyc XpycTaibHOM cepbl MEHSETCS MO 3aKOHY
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c c . CT
R=—T@)=—(T, +Tt)=R, +—t,
5, T = (L +T) =Ry +—

2

TO €CTb YBCIIMUUBACTCA JIMHEMHO CO CKOPOCTBIO

V= ﬂ =0.95 km/rox.
27

3neck Ry — HavanbHbIM paauyc cdepbl. Hakoner, 3a 2600 ner 3Be3abl yIadwIUCh Ha PACCTOSHUE
AR=2470 kM = 1.65-10° a.e. Bocrmons3oBaBmuch (opmyitoii [TorcoHa, MOMyd4aeM H3MEHEHHE 3BE3IHON
BEJINYUHBL:
2
R, — AR AR AR
Am=-25lg OR— =-5lg l—R— ~2.16— =0.0000013".

0 0 RO

5. Cucrema ouenuBanms. Kaxaplii U3 4eThipex BOMPOCOB 3aJadydl OlieHMBaeTcs B 2 Oamwia. OmguH Oamn
BBICTABIISECTCS 32 MPABUIBHBIN BBIBOA (POPMYIBI, BTOPOM — 32 BBIYMCIICHUS U KOHEUHBINH OTBET. B mocnennem
BOIIPOCE OJJMHAKOBO BEPHO OLIEHUBACTCS M YTBEPXKICHHE O TOM, YTO OJECK 3aMETHO WJIM TIOYTH COBCEM HE
W3MEHUTCS, U BBIUMCIICHHE Majioro M3MeHeHus Onecka. Ecnu B kadecTBe mepuona BpaieHus chepsl 3Be3N
OepyTcsi CONHEUHbIE CYTKH (24 yaca), TO OLIEHKa 3a NEPBBIM 3Tam CHUXKAeTCs Ha 1 0ass, ocTaBIIMECS ATarbl
OLICHUBAIOTCA B MOJHOM Mepe (MakcUuMalbHas OlleHKa — 7 0aioB).

6. YcaoBue. CoOcTBeHHOE aBWKEHHE 3Be3nbl bapHapma paBHo —0.8”/rom mo mpsMOMY BOCXOXKICHHIO H
+10.3"/rox mo cknonenuto. Jlydesast ckopocTs paBHa —111 km/c, mapannakc — 0.547". Bam nana 3Be3aHast KapTta
OKpecTHOCTEH 3T0i 3Be3/pl. CaMa 3Be3/1a HaXOUTCS B CEpEAMHE KapThl U IoMeueHa kpectoM. Onpenenure:

1) B xakom co3Be3nuu HaxoauTcs 3Be3na bapnapaa?

2) B xakoM HalpaBlIeHUU Ha KapTe BUKETCS 3Be31a’

3) B kakoe co3Be3/ue Ta 3Be3/1a HepeMecTUTCs?

4) Korna »to mpousoiiner?
(E.H. Daoees)
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Pemenne. Ha texymmii momeHT 3Be3na bapHapna pacmomaraercss B co3Be3auu 3meeHocra. Camo 3To
CO3BE3IME HE MMEET SPKO BHIPAKEHHOTO PUCYHKAa, HO €ro MMEIOT Onmxkailime cocenHue co3Be3aus. Tak K
BOCTOKY HaxXOJUTCS JIETKO y3HaBaemoe co3pe3aue Opina, psaoM ¢ HuM Ctpena u [enspun. B npaBoM BepxHeM
yriy co3Be3ane CeBepHON KOPOHBI, 2 TPaBOM HMKHEM — XapaKTepHas 4acTh co3Be311s1 CKOPIHOH.

CoOcTBeHHOE NBWKEHHE 3Be3Ibl bapHapna Mo CKIOHEHHIO B JIECATH pa3 OoJblie, YeM IO MPSMOMY
BoCcxOXkaeHU10. [ToaTomMy 3Be3na OyldeT ABUTAThCA MOYTH CTPOTO BAOJb Kpyra CKJIOHEHUS, a JBUKEHHEM IO
MpsIMOMY BOCXOXKJEHHUIO MOXHO IpeHeOpeub. Pa3 coOCTBEHHOE JBHMKEHHE 3BE3bl 10 CKIOHEHHIO
MOJIOKUTENIBHO, 3HAYUT, CO BPEMEHEM CKJIOHEHHE 3BE€3/1bl YBEJIMUMBAECTCS, a CaMma 3Be37a CMEUIAETCsl B CTOPOHY
CEBEpHOTO MOJI0ca MUpa. B ToM HanpasineHun pacnookeHo co3Besaue I epkyneca.

Texkymne KOOpAWHATBI 3BE3/Abl MOXXHO OIPEAEIUTh C MOMOIIbIO KapThl B yciaoBUH. OHU paBHBI
o~184~270°, & = +4.5°. Jlo rpanuis! ¢ co3Bezauem lepkyneca nmoutu poBHo 10°. Onpenenum, 3a Kakoe BpeMs
Hallla 3Be3/ia MPEeoJI0JIeeT ITO yIIIOBOe paccTosiHue. Pemv BHavase 3agauy Hanbosee TOYHO.

« s s 88

I R

Map produced by SkyMap Online. http://www_astronet.ru/
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ITockonbKy JryueBasi CKOPOCTh 3B€3/Ibl OTPHIIATENIbHA, OHA PUOIIKaeTcs K HaM. Ee TaHTeHInanbHas CKOpOCTh
paBHa



v, =4.742 =893 rule.
T

31ech | — COOCTBEHHOE JBIKEHHE B YITIOBBIX CEKyHJaxX B roJl, a T — Mapajulakc B YIIOBBIX ceKyHaax. [lomHas

CKOPOCTDH 3BC3AbI paBHA
V=V +V7 =142 kulc.

3nech Vr — JyueBast CKOPOCTh 3B€3/IbI B KM/C. YTOJ MEX/1y JIyuOM 3pEHHUS U HalpaBJICHUEM BEKTOpa CKOPOCTHU
3B€3/1bl COCTABIISET

V.
= arctgl—L| =39°.
7 g v

L

—1 1
Paccrosiuue 10 3Be3mbl D paBHo m '=1.83 nx mmm 5.65-10" km. Mckomoe BpeMs MONydaeM M3 TEOPEMBI
CHHYCOB:

= 2900 zem.

sin10° D
1=— 0 0 -
sin(180° =10 —y) V

OTBeT 3a7auMl C HEIUIOXOH TOYHOCTHIO MOXKHO TOJYYHTH OBICTpEE, YUHMTHIBAs, YTO YIIOBOE PACCTOSHUE IO
rpaHuiiel co3Besauii (10°) cymectBeHHO MeHble yria y (39°). B aTom ciyyae MBI MOXKEM MPEINONOKUTh, YTO
cOOCTBEHHOE JIBHKEHHUE 3Be3/bl bapHapaa 1o co3Be3auio 3MeeHocHa MOCTOSIHHO 0 BpeMeHHU. Toraa Bpems 110
NIepeCceUeHus TPAHULIBI €CTh IPOCTO OTHOLIEHHUE YITIOBOTO PACCTOSHUS 10 HE€ K COOCTBEHHOMY JBHKEHHUIO:

_ 10
t =—— =3500 zem
10.3"'/ 200

DTOT OTBET MONYYHJICS 3aBBIIICHHBIM H3-3a MTHOPUPOBAHUS MPUOIMKEHIS 3B€3/16I bapHapia u yBeInueHus ee
COOCTBEHHOIO JBUKCHUSL.

6. Cucrema ouenuBanusi. [IpaBuibHOE yKa3zaHHE TEKyILEro MOJOKEHHsS 3Be3lbl bapHapna B co3Be3auu
3MeeHocHa omeHMBaeTcst B 1 0amr. YKa3aHHMe COCETHHMX CO3BE3AMH B JOKAa3aTeNIbCTBO 3TOTO BBIBOAA HE
Tpedyercs. [IpaBuinbHOE yKazaHue HallpaBJICHUs JBHXECHUS 3Be3/bl olleHUBaeTcs B 2 Oamna. OTBeT, 4To 3Be31a
nepemMecTuTcs B co3Besaue [epkyneca, oneHuBaercs | 6amioM, HO TOIBKO B TOM Cilydae, €CIIM HalpaBlICHHE
JIBYDKEHMS 3BE3/Ibl YKa3aHO BEPHO, M 3B€3/a, JBUTAsACh B 3TOM HAIPABICHHUU, NCHCTBUTEIBHO OKAXeTCs B
co3Be3nuu [ epkyneca.

JanpHeilee pernienne 3a1a4u OLEHUBACTCS B TOJIHOM Mepe BHE 3aBUCUMOCTH OT MPEIbIIyIUX ITANOB.
Omnpenenenne paccTosiHUS (TI0 PUCYHKY), KOTOPOE OTAEIISIET 3BE34y OT co3Be3aus [ epkyneca, oneHnBaercs B 1
6amn (ecnu BbIOpaHO OIIMOOYHOE HAINpaBICHHE JABWKEHUS 3BE3Ibl, TO OEpercs YIIOBOE PACCTOSIHUE OT
COOTBETCTBYIOIIETO CO3BE31Ms). Brruncinenne BpeMenn ¢ oreHnBaercs B 3 6ama. OHO MOXKET MPOU3BOIUTHCS B
pa3Hoe KOJIMYEeCTBO ATanoB. Eciin peleHne He JOBEICHO 10 KOHIA WJIM C KaKOTO-TO MOMEHTA CTAHOBUTCS
HEBEPHBIM, CIIEAYeT BBICTABIATh MO | Oamly 3a MpaBWIBHOE BBIYMCICHHE DPACCTOSHHS IO 3BE3IBI U €€
TaHTCHINAILHON CKOPOCTH.

Bbruncienue BpeMeHHU YNPOIICHHBIM METOIOM OIleHHMBaeTcsi B 1 Oamn (cymmapHas oleHka — 10 6
0aioB).



10 kaace

1. YcnoBue. 13 kakux oOyiacTeil 3eMHOM MOBEPXHOCTH BO3MOYKHO OJTHOBpEMEHHOE HaOoneHne Apkrypa (o
Bomonaca) u Xanapa (B LlenraBpa)? Koopauaatsl 3THUX 3Be3/1 cuuTath paBHBIMU o.1=14.04, §;=+19°; a,=14.04,
8,=60° cooTBeTCTBEHHO. ATMOC(hEepHON pedpakiiel U MOTIoLUIeHHeM CBeTa peHeOpeyb.

1. Pemienune. Cum. 9 kitacc.

2. YcaoBue. Ilocnegnee nmpotuBocTosiHue CaTypHa coctosioch 15 mronst 2017 roga. B xakom Ommkaiimem
KaJIeHAapHOM TOAY MPOTUBOCTOSIHUA 3TOH TutaneTsl ¢ ConniieM He Oyaer? Opoutsl 3emnu u CaTypHa CUUTATH
KpPYTOBBIMH.

2. Pemrenne. CMm. 9 xmacc.

3. YcaoBue. Onruueckas 3Be3/1a BXOJIUT B JBOMHYIO CHCTEMY C TEMHBIM KOMIAKTHBIM 00BEKTOM. Macca
TeMHOro oObekTa paBHa 1.4 maccel ConHia. [[BmkeHHe BOKpPYr IIEHTpa MacCc MPOUCXOAUT TakK, YTO ¥y
OTITUYECKOM 3BE3/Ibl MCUE3aET rO0BOE MapaIaKTHUeCcKoe cMelieHrne B Hebe 3emun. Onpenenute Maccy 3Tou
3Be37bl. OpOuTHI 3eMITH U 3Be3]1 B cUCTeMe cuuTath KpyroBeIMH. (O.C. VeonbHukog)

3. Pemenne. 300pa3uM omucaHHYIO B YCIOBHH 33/1adyll CHCTEMY W3 CBETIION M TeMHOW 3Be3npl. OO oHU
JBIDKYTCSl 10 KPYTOBBIM OpOWMTaM BOKPYT IieHTpa macc. Koib ckopo y cBeTsol 3Be3abl ¢ Maccod M Her
MapaIaKTHYECKOT0 CMEIeHus, TUHUS "3eMist — 3Be31a" BCe BpeMs COXpaHseT (PUKCUPOBAHHOE HAIPaBIICHUE
B IpocTpaHcTBe. B ciyyae KpyroBbIx OpOUT 3TO MOXKET OBITH TOJBKO B TOM CIy4yae, €ClU 3B€3/1a OMHCHIBAET
Kpyr' OKOJIO LIEHTpa Macc ¢ paauycoMm R, paBHbIM 1 a.e. ¢ mepuonoM 1 roa B IUIOCKOCTH, MapauieIbHON
TJIOCKOCTH BPAIICHUsI 3eMJTH (TUTOCKOCTH KITUTITHKH ).
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Bripaxkas paguyckl opOUT B aCTpPOHOMHUYECKUX €AMHMIIAX, Macchl — B Maccax ComHIla, a Iepuoa oOpaleHus —
B rojiax, 3amuiineM BeipakeHue o6oomennoro I11 3akona Kemnnepa:

(M +m)T? 4
(R+r)y

@DakTU4ECKH, MBI CpaBHMBAeM 3Ty cucTeMy ¢ cuctemon "ConHue-3emiss", rie Bce TPU BEIUYMHBI PaBHBI
enuaAIe. [l ABOWHOM cucTeMbl Takke 7=1, a 1y panycoB OpOUT CIIPaBeTMBO COOTHOIIICHUE:

MR=mr.

Otrcrona r = R (M/m), u nanee:



(1+Mj =(M +m).
m

O6e BenmuuHbI M 1 m Oe3pa3MepHbI, TaK KaK MPEACTaBISIOT cO00i OTHOIIEHHE Macc 3Be3 kK Macce ComHIa.
YMHO)ast 00e 9acTH ypaBHEHUS Ha m°, TIOJydaeM:

(M +m)* =m® (M + m).
N3 3TOr0 MBI MOXKEM OTIpeAeIuTh Maccy 3Be3nbl M (B maccax CouHIA):
M =m’?—m=0.26,

OnTudeckasi 3Be3/1a, BEPOSATHO, IMPEACTABIACT COOOW KPACHBIM KapiiMK M SBISACTCSA, MO CYTH, CITyTHUKOM
TEMHOI'0 MAaCCUBHOI'O OOBEKTA.

3. Cucrema ouneHuBaHus. /[y penieHys 3a1a4l yYaCTHUKH OJMMIIMA/AbI JOJIKHBI CIEIaTh BBIBOJ O TOM, YTO
KpyToBasi TpaeKTOpHs ONTHUECKOM 3BE3/1bI 10 CBOMM XapaKTepUCTHUKaM HACHTUYHA OpOuTe 3eMiI. DTOT BHIBOJ
MO>KHO CJI€JaTh B JIPYTOM BHJIE: CMELICHUE PaBHO MapajllakCy, a Mapajulakc €CcTh yroJl, IoJ KOTOPBIM BUIEH
pamuyc opOuTHI 3eMiid, CJIeIOBAaTEIbHO, paanyc OpOUTHI 3Be3nbl paBeH 1 a.e. BuiBom B m1000# u3 dopm
ouieHuBaercs B 2 O6ayuta. Ecnu oH He BBIMCAH B SIBHOM BUJE, 3TH 2 0ajla He BBICTABIIAIOTCSA, HO JalbHeiiee
pelIeHre OLIEHUBAETCA B MOJIHOM Mepe.

[TpaBunbHOe ucnonb3oBanue 111 3akona Keruepa onenuBaercs B 2 6aniia, Mpu 3TOM €ro 3aluch MOXKET
OTJIMYATbCA OT TPUBEIEHHOW BbIIIE (MOXET HCIOJIb30BAThCA TMOJNHAS (QOPMYJIUPOBKA C CHUCTEMHBIM
BBIpQ)KEHUEM BcexX BenuuuH). [IpaBuibHOE COOTHOIIEHHE paJlycoB OpOMT 3BE3] OLleHHBaeTcs emie B 1 Oam.
Hakownen, 3 6ania BbICTaBiIsieTcs 3a MPaBUIIbHOE MAaTEMAaTUYECKOE UCIIOIHEHUE PELICHHS U 3alliCh OTBETA.

4. YcaoBue. Haxonsce B 3amagHoOi KBaaparype, IiaHeTa Mapc oka3anach Ha HeOe o4YeHb OJM3KO K 3BE3JIe
cnekrpanpHoro kinacca G. Jlunum B crekrpe Mapca M 3Be3[pl TOYHO COBHAIM IO JUIMHAM BosiH. Haittu
JYYEBYIO CKOPOCTh 3Be3nbl oTHOcuTenbHO ComHma. OpOuthl 3emiau W Mapca cuuTaTh KpPYTOBBIMH.
(0.C. YeonvHuxos)

4. Pemienne. Ilo cnexTpanpHOMY Kiaccy 3Be3fa noxoxa Ha CONHIE, TO €CTh, COACPKUT NMPUMEPHO TE XKe
CIEKTpajbHble JIMHUM. B crniektpe Mapca nMHMM TOXE, B OCHOBHOM, COJIHEYHBIE, TAK KaK IUIAHETa OTPaX,aeT
coiHeuyHbId cBeT. [laxke ecnu B criekTpe Mapca u OyayT cOOCTBEHHbIE CIIEKTpalibHbIE JMHUU, OHU HE OyayT
CMEIIIEHbl OTHOCUTEIFHO COJIHEYHBIX, TaK Kak opbuty Mapca 1o yclnoBHIO 3aJjaud Mbl CUYMTaeM KpyroBO, U
pacctossHue Mexay Mapcom u ConHueM He H3MEHseTcs. 3Be3na M Mapc IBUXKYTCS OTHOCHUTEIBHO
HaOmoaTenst Ha 3emJie C HEKOTOPhIMH CKOpoCTAMHU. OIMHAKOBOE CMEIIEHUE CIEKTPaIbHBIX JUHUN OT
STAJIOHHOTO TIOJIOXKEHHUSI 03HAYAET, YTO JyUEBBIC CKOPOCTHU 3BE3/Ibl U IUIAHETHI paBHbI. M300pa3umM monoxeHne
IIJIAHET, ONMCAHHOE B YCIOBUH 3aJa4H:

A

3gesga




B momeHT 3amagHoi kBagpatypsl Mapca miaHeta 3eMiisl JIETUT B MPOCTPAHCTBE CO CKOPOCTHIO Vi TOYHO IO
HampaBiieHHI0 K Mapcy, ckopocTs jxe Mapca v, oOpa3yetr HeKoTopbli yroa K JuHuu "3emisa-Mapce". Jlyueas
CKOpOCTh Mapca B MOMEHT HaOJII0JeHUi ¢ 3eMJIU COCTaBIIsAET

VR=up—vi=wvysiny—v; =v (ri/r2) —vi.

3nech | U r, — paanychl opouT 3emau u Mapca. KpyroBeie CKOpOCTH IUIaHET MpU OOpaIIeHUH 1O opOUTam
paBHEBI

Vip =
hi

3nece M — macca ConHua. [ToaToMy 1151 KpyroBbIX CKOPOCTEM CITPaBEIJIMBO COOTHOLICHHUE:

_ A
Y r
B utore,

3/2

7

1

Ve=v || — -1
r

OOpaTtuM BHHMaHHE, YTO 3Ta CKOPOCTb OTpPHUIIATEIbHA, TO €CTh 3eMis npubmmwkaerca k Mapcy. Konb ckopo
JVHUU B €r0 CIIEKTPE COBMECTWINCH C JIMHUSAMH B CHEKTpPE 3BE€3[Ibl, TCOLEHTPUYECKAs JIyueBasi CKOPOCTb y
3Be31bpl Takke paBHa Fr. Tak Kak 3Be3na pacrnonaraercss HecpaBHUMO naiblie CoNHIA, HalpaBiI€HUE OT
ConHna 1 3eMiIM K 3B€3/1€ OJJMHAKOBBI, U KCKOMasi IeIMOLIEHTpUYECKasl JIyueBasi CKOPOCTb 3BE3/1bl paBHA

3/2

Vo=u, =V, +v, =v, Nl — 4158wl
"

O6paTI/IM BHUMAHHEC, UYTO 3Ta CKOPOCTH IOJIOKUTECIJIbHA: 3B€31a YAAIISCTCS OT COJ'IHI_Ia.

4. Cucrema ouenuBaHusi. [l pemieHus 3aqayd yYaCTHUKHM OJMMIIMAIBI  JOJDKHBI yKa3aTh, YTO
TCOICHTPHUYECKUE JTyUeBbIE CKOPOCTH Mapca U 3Be3/bl COBIAIAIOT, YTO OleHnBaeTcs B 2 Oamna. [Tocne sToro
YYAaCTHUKH MOTYT BECTH PEIICHUE CIIOCOOOM, ONMCAHHBIM BBIIIE, 3aITMCAB BhIpKEHHUE (JIMOO0 HAWIS YUCIICHHO)
TEOIICHTPUUYECKYIO JIyuyeBYyl0 CKopocTh Mapca (3 Oaia), mpUpaBHATH €€ K TEOLEHTPUUYECKON JTydeBOM
CKOpoCTH 3Be37bl (1 6ai) U BHIYUCIUTH MEIMOICHTPUUYECKYIO CKOPOCTh 3Be3/bl (2 Oamna). OHU MOTYT Takike,
HaIpsIMyI0 CBSI3aTh KOMITOHEHTY TEIUOICHTPUUYECKOW CKOpocTH Mapca (v;), HampaBiIeHHYIO OT 3eMIld, C
TeITUOLEHTPUIECKON CKOPOCTBIO 3BE3/IbI, UTO TAKIKE SIBIISICTCSI TPABHIIBHBIM.

Ecnu y4aCcTHUK OIMMIIMA[bl IyTAaeT TEJIMOLEHTPUYECKYI0 M T'€OLICHTPUYECKYIO JIy4eBbIE CKOPOCTH,
MoJTy4asi B UTOTE OTBET OKOJIO —14 KM/C, MaKCHMallbHasl OLICHKA HE MOKET MPEBBINIATh 4 OAJUIOB.

Eciu YYaCTHUK OJIMMIIMA/JIbl IMyTacT BOCTOYHYIO O3JIOHTIallki0 C 3ana11H0171, 4TO MHOpH IMPaBUIBHBIX
BBIUMCJICHUSX JaeT OMIMOKY B 3HAKE UTOTOBOI CKOPOCTH, UTOTOBas OIICHKA COCTABIseT He OoJiee 6 OalioB.

5. Ycaosue. V 3Be3anl 12™ cniektpansroro kinacca G2V oOHapyxuiu Kojebanus 6iecka ¢ nepuoaom 10 Jer,
BbI3BaHHBIE NIPOXOXKJACHUEM IUIAHETHI IO €€ JUCKY — B nojioce V rirybouna cocrasuia 1.500% 1o spkocTu, a B
muHuu Hoo — 1.520% no sipkoctu. OneHuTe pasMepsl IUIaHEThl M BBICOTY €€ aTMoc(epbl, cuuTas aTMochepy
COCTOSAIIECH U3 aTOMAapHOI'0 BOIOPO/Ia U HEMpo3payHoil B iMHUU Hol, a opOUTY TU1aHEeTHl — KPYyTrOBOH, JIexKaIeH
Ha Jyde 3peHus. OnpenenuTe MaKCUMAJIbHOE YIJIOBOE PACCTOSHUE MEXIy IUIAHETOW U 3BE30MH.
(A.M. TamapHukos)
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5. Pemenne. Crnexrpanbnblii knacc G2V o3HayaeT, 4To 3Be€3[a MO CBOMM CBOWMcTBaM mnoxoxa Ha CoiHIe.
OpOutanbubiii epuoA TwiaHeThl coctabisger 10 mer, w3 dvero, mo Il 3akony Kemnepa, 3akimodaem, 4to
paccTosiHue MEXAy MJIAHETON U 3BE3/10M COCTaBISET 10*°=4.64 a.e.

Bynem cuurtarh, 4TO NMpU MPOXOXKIACHUU IUIAHETHI TEpes IUCKOM 3BE3/bl B IMOJOCE V CBET 3BE3JIbI
OIIOKMpyeTcsl TOJMBKO caMoil TuiaHeToil, a B muHuUM Ho — eme u ee BomopoaHoil atmocdepoii. O603HauMB
paaNyChI IJIAHETHI ¥ 3BE3/IbI KaK # U R, a BRICOTY aTMocephl Kak /1, 3amuiiem:

2 2
T 00150, ZUHM
TR TR

=0.0152.

Orcroma r=0.1225R = 85700 xm, r+h=0.1233R = 86300 km, & = 0.0008R = 600 xm. Haiimem Ttemepn
PaccTOSIHKUE JI0 3BE3IbI, HCXO/A U3 ee BUAMMOro Oiecka (12™) u abcomoTHOMN 3BE31HOM BennurHbI (5™):

lgrzf; r =250 nk.

Otpe3ok B 4.64 a.e. Oymer BUIEH C Takoro paccrosHus moxa yrioMm (4.64/250) = 0.02". Dto u ecthb
MaKCHMaJlbHas 3JIOHTalUs TUIAHETHI OT 3BE3/IbI IPU HAOIIOACHUU C 3eMITH.

5. Cucrema ouenuBanus. Pernienue 3aanus JOCTaTOYHO YETKO pa30MBaeTCs HA OCHOBHBIE JTallbl, KOTOPHIE
MO>KHO BBITIOJTHSITh B Pa3HOM TOPSIJIKE:

Omnpenenenue paccTOSHUS MKy 3BE3/I0M U TUIaHETOM — 2 Oaria.

Panuyc naners — 2 6anna.

Bricota atmocdeps! Ha rutanere — 2 Oasia.

MaxkcumanbHas doHTanms — 2 6ayia (1 6amn — BEIYMCICHHE PACCTOSHUS JI0 3BE3/bl, | 0ayT — MakcHMallbHas
3JIOHTAIINSA).

6. YcnoBue. CoOcTBeHHOE IBMkeHHE 3Be3lnbl bapHapna paBHo —0.8"/rom Mo NpSMOMY BOCXOXKIEHHUIO H
+10.3"/ron o cknonenuto. Jlydesasi ckopocTh paBaa —111 km/c, mapamnake — 0.547". Bam manHa 3Be3aHas KapTta
OKpeCcTHOCTEH 3Toii 3Be3/1pl. CaMa 3Be3/1a HaXOMUTCS B CepeArHe KapThl U ToMedeHa kpectoM. Onpeaenure:

1) B xakom co3Be3nuu Haxonutcs 3Be3na bapuapaa?

2) B xakom HampaBlieHUHU Ha KapTe IBHXKETCS 3Be31a’

3) B kakoe co3Be3nue 3Ta 3B€3/7a IepeMecTUTCs?

4) Korna sto mpousoiiner?

11
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6. Pemrenue. Cm. 9 kiacc.
11 kaace

1. YcaoBue. HazeMHO-KOCMHUECKHN HHTEPPEPOMETP COCTOUT M3 JIBYX PaTUOTEICCKOINOB: OJMH YCTAaHOBJICH
Ha TIOBEPXHOCTH 3eMIU, JIPYroll — Ha CIyTHHUKE, ABIDKYIIUMCA IO opbute BOKpyr 3emiu. B momeHT
HaOJIIO/IEHUsT CIYyTHUK Haxomwics Ha pacctosauu 10000 kM ot mentpa 3emum. JIjis HAa3eMHON aHTCHHBI
CIYTHUK HaxoJuics Ha BbicoTe 60°, a uccieayeMblil icTOUHUK Ha BbicoTe 30°, mpuueM 00a Ha OJJTHOM a3UMYTE.
Omnpenenure paspenicHue UHTepdepoMerpa B JAHHOM 3KCICPUMEHTE, €CJIM HAOIIONCHUS MPOBOIWINCH HA
JutiHE BOJIHBI 18 cM. (E.H. @aoees)

1. Pemtenne. Kak 1 17151 0IMHOYHOIO 3€pKaiia, yIrioBoe paspelieHue uarepdepomerpa pasHo 1.22-Ad, rae A -
JUIMHA BOJHBI, a d — JUIMHA TPoeKIHMu 0a3pl mHTEphepomerpa (T. €. PACCTOSHUS MEXKAYy aHTCHHAMH) Ha
HaIIpaBJICHUE, IEPIIEHANKYJIIPHOE HAIIPABJIECHUIO HA NICTOYHHUK.

Haiinem Benuuuny 6a3bl D. IIoCKONBKY MCTOYHMK M CIIyTHMK HaXOJSTCS HAa OJHOM a3UMYyTE, TO OHU
TaK)K€ HAXOAATCS B OJHOU IJIOCKOCTH C LIECHTPOM 3€MJIM U Ha3eMHOM aHTeHHOH. IIycTe Ry — panuyc 3emnu, a R
— paccTosiHUE OT LIEHTpa 3eMJIM /10 CIlyTHUKA. Torna u3 TpeyrojibHUKa "LEHTP 3eMJIM — aHTEHHA — CIIYTHUK'' Mbl
MO’KEM HaWTH pa3mep 6a3bl, BOCIOIb30BABIINCH TEOPEMON KOCUHYCOB:
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R>=R?+D*-2R,D cos(%+ h.)=R?+D?+2R,Dsinh,. .

OT0 KBaJpaTHOE YpaBHEHUE OTHOCUTENbHO D. KopHHU 3TOro ypaBHEeHUs paBHbI

D =R, sinh */R* — R? cos® h,..

@®u3MUECKUl CMBICI MMEET TOJIbKO PEIICHHE CO 3HAKOM «+». OTcrofa pacCTOSHHE MEXAY HAa3eMHbIM U
KOCMHYECKUM Teseckonamu paBHo nmpuMepHo 4000 km. Torma npoeknus 6a3bl paBHa

d = D sin(/¢ - hn)= 2000 kM.
Pazpemenne cocrapnser 0.02".

1. Cucrema ouneHuBaHus. Pemienue 3ajauM eCTECTBEHHBIM 00pa3oM pa3OMBaeTCsl HA HECKOJIBKO 3TaroB.
Brruncnenue BenmmunHbl 0a3pl HHTEpdepoMeTpa (pacCTOSIHUS MEXKIy TEJIeCKOIaMH) OLlCHMBAaeTCs B 4 Oasuia.
Ecnu B kauecTBe 6a3bl HHTEpHEPOMETPa UCIIONIB3YETCS PaANyC OPOUTHI CITyTHUKA, 33 3TOT dTall BBICTaBIAETCS
0 6amioB, HO OCTaJIbHBIE 3TAIBl OLIEHUBAIOTCA B MOJIHOM Mepe. Eciau yyacTHUK oMMMIIMAa/bl 32 BETUYUHY 0a3bl
IIPUHUMAET BBICOTY OpOUTHI CHyTHUKAa Oe3 00OCHOBaHW, 3a 3TO BhICTaBiigeTcs 1 Oami, HO B ciydae
MPaBWJIBHOTO OOOCHOBaHUSI MPUMEPHOIO PABEHCTBA BHICOTHI U 0a3bl, HAMpUMeEp, ¢ MOMOIIbIO MacIITaOHOTO
YyepTerka, BhICTaBIsieTcs 3 Gasia.

OnpeneneHre BEIUYMHBI MPOEKIMHU 0a3bl oleHuBaeTcs B 2 Oamna. Dopmyiy s omnpesesieHus
YIJIOBOTO pa3pelieHus JOMyCTHMO HCMOIb30BaTh 0e3 koadduuuenta 1.22, 370 HE CUUTAETCS OLIMOKOM.
Hcnonws3zoBanue 3toii popmyinbl oneHuBaercs B 1 Oamn. Ilocmegnuit 1 6anmn BhICTaBISETCS 3a BBIYHUCICHUE
MIPaBUIILHOTO OTBETA.

2. YcaoBue. Ha momoce cmytHuka lOnurepa EBpomna, Ha BBICOKOM OalHe, yCTAaHOBWJIM TEJIECKOM st
W3y4YeHUs JPYroro cnyTHuka — ['aHMMena — M MOoCTpoiiku ero kapThl. Kakyro dacTh moBepxHOCTH [aHMMena
yAacTCs M3YyYUTh C 3TUM TelieckonoM? CUuTath OpOUTHI CITyTHUKOB KPYTOBBIMU H JICKAIIMMH B INIOCKOCTH
skBaropa lOmurepa W caMHUX CIyTHHKOB, pa3Mephbl CIYTHUKOB — CYIIECTBEHHO MEHBIIMMHU PaIUYyCOB HX
op6ut. CunuTaTh Tak)Ke, 9YTO BECh MUCK ['aHUMeIa MOCTOSIHHO HAXOUTCS HaJl TOPU30HTOM C TOYKH IMTOJIOKCHHS
teneckona Ha Oamnne. (O.C. YeonvHukog)
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2. Pemienune. Kak u3BecTHO, 3a CUET MPWIMBHOTO BIUSHUS TUIAHET UX KPYIHBIE CITyTHHKH BCETAa 0OpaIieHbl K
I1aHeTe ofHoM cropoHoil. He sBisercs uckmouenuem JlyHa, a Takke Bce ranuieeBbl cyTHUKM HOmutepa.
Ecimn opOuta cryTHHMKa KpyroBas, a €ro JKBaTOp JIGKUT B IUIOCKOCTH 3TOH OpOWTHI, TO Y CIIyTHHKA
NpakTHYeCKu He Oyner nuoOpauuii, Takux, kak y JlyHsl. Majocte pa3MepoB CIyTHHKOB IO CPaBHEHHUIO C
paanycaMu OpOWT JaeT OCHOBAaHWE HE YYMTBHIBATh M MapautakThdeckue 3(pQeKTsl mpu HaOIIOIECHHH OJHOTO
CIlyTHUKA C JApyroro. B aToMm ciyyae Mbl CUMTaeM CIyTHHKH JKECTKO IOBEPHYTBHIMH OJHOH CTOPOHOH K
mwiaHere. byaem cuutarh MepuaAMaH CIyTHHMKA, OOpAIlEHHBIM K IUIAaHETE, HYJEBBIM (TaKk W JeNaeTcs Npu
KapTorpaMpoBaHUM CITyTHUKOB). Toraa ¢ caMoi IUIAaHETHI, €CIIM HE YYHUTHIBATh JMOPALUH, BUIHBI 00JacTH
CHyTHHKa ¢ goiaroramu ot —90° no +90°, To ecTh MoyIoBMHA MOBEPXHOCTU. PaccMOTpuM ycinoBUs HaOIIOAEHUS
OJTHOTO CIIyTHHKA C JPyTOro:

FaHnmen

I'anumen pacnonaraercs nanbiie ot Onurepa, yem EBpona, n moBEpHYT K He, o Oojbllel 4acTH, TEM Ke
nosymapuem, 4to u k fOnurepy. OnaHako, mpu 0JIaronpusiTHOM pacrojiokeHuu, ¢ EBpornbl OyaeT BUaHA YacTh
obparHoro mnonymapus ['anumena. DddexT Oyaer MakcuMalibHbIM, Korjna ['aHumen npu HaOMIOIEHUM C
EBporibl okaxkeTcs B kBaJpartype, a EBpona npu Habmonenuu ¢ ['annMena okaxercsi B HauOoble 3J1I0Hraluu
ot lOnurepa, paBHOM

T
y = arcsin - = 39¢.
o}

B stom cinywae ¢ EBpombl mMoxxkHO Oyner HaOmomaTe oOJacTH TMOBEpXHOCTH [aHMMena C JOJTOTOW 0
90°4+39°=129°. B mpOTHBOIOIOKHON KBaJpaType IOCTYMHbI OyayT o0nactu ¢ noarotoit 1o —129°. O6patum
BHHMaHueE, yTo ['anumen He OyAeT mokpeiBaThes HKOmuTepoM B 3TM MOMEHTHL. B TedeHHE HOMUTEPHAHCKOTO
roja KaKIbld y4acTOK BHAMMOI moBepxHocTH ['aHmMena OyneT XOTh Korjaa-HuOyas ocBemieH CoJHIIEM U
MOKET OBITh M3Y4eH. YUUTHIBAS, YTO CITyTHUKH MaJIbl, UX OCH MapaJUICIbHBI, & TUIOCKOCTh UX OPOUT COBMAaeT
C  IUIOCKOCTSIMH  JKBAaTOpOB, 1ol  HaOmomaeMoil — moBepxHoctu  [anmmena  Oymer — paBHa
100%-((129+129)/360) = 72%.

2. Cucrema oueHuBanus. /[ pemieHus 3a7aud YYaCTHUKH OJIMMITHAJIBI JTOJDKHBI yKa3aTh, YTO CITYTHUKH
noBepHyTHl K FOnuTepy onHoi# cToponoit. JlaHHbIN BBIBOA olieHHBaeTcs B 2 O6amna. [locne 3Toro oHM AOMKHBI
paccMoTpeTh KOH(PUTYypalnui0 ¢ MaKCUMaJIBHOW HAOMI0JaeMON JOJNTOTOW IOBEPXHOCTH [aHuUMena, d9To
OlleHHMBaeTcs emle B 2 Oamna. Beriuucinenue 3Toil AOATOTH U J0iM HabIrogaeMol moBepxHOcTH ['aHumena
OLIEHUBAETCA €ellle 110 2 0ajlia 3a KaXIoe€.

Ecnu yuacTHHK 3a0BIBaeT y4ecTh, YTO yJacTcs HaOmoAaTh obiaactu obpaTHoro nonymapus ['anumena
o 39° ¢ o0oux CTOpPOH, a OyAeT YYUTHIBATh TOJIBKO OAHY C OTBETOM 61%, TO Ka)XIblii M3 JIBYX IOCJIEIHHUX
ATarnoB orieHUBaeTcs 1o 1 6amry (uToroas oreHka — He Oosiee 6 6amnoB). Ecim BMecTo kBaapatypsl ['annmena
OepeTcst KOHPUTypalus, Ipu KOTopoit oH oTcTouT Ha 90° o nonrote ot EBpomnsl (¢ otBeToM 68%), TO B 3a1aue
HE 3aCYUTHIBACTCS] BTOPOM ITall, U MaKCUMaJIbHas OIlEHKA TaKXKe COCTaBJIsIeT 6 0auioB.
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3. YcaoBue. Ontuyeckas 3Be37a BXOJUT B JBOWHYIO CHCTEMY C TEMHBIM KOMIIAKTHBIM OOBEKTOM. Macca
TeMHOro oOwbekta paBHa 1.4 maccel ConHua. [IBrbkeHHE BOKPYT IIGHTpa Macc MPOHMCXOJHUT TaK, 4TO Yy
ONITUYECKOH 3BE3/IbI MCUE3aeT I'0JJ0BOE MapalakKTHIecKoe cMmeleHne B Hebe 3emin. Onpenennure Maccy 3TOi
3Be31bl. OpOUTHI 3eMJIM U 3BE3]] B CHCTEME CUUTATh KPYTOBBIMH.

3. Pemienne. CMm. 10 kiacc.

4. Ycaosue. 3Be3na, moxoxas Ha ComHie, obOpamiaercs BOKpyr IieHTpa ['amaktuku. CKOpoCTh 3Be3bI
otHocutenbHO CouHila paBHa 150 km/c. M3BecTHO, 4TO 00€ 3BE3/bl HAXOATCS HA OJMHAKOBOM PACCTOSIHUU OT
neHTtpa [anakTuku, paBHOM & KIIK, W JABIJKYTCS B OJIHOM HAIPaBICHHU IO OKPYXHOCTH C OJWHAKOBOMN
ckopocThio 220 kM/c. Cumras, 4To cpeaHee MEK3Be3aHOe nortomenne pasao 0.002"/mk, HaliiuTe BUIUMYIO
3BE3HYI0 Benu4nHy 3T0# 3Be31bl. (C.B. bopucos)

4. Pemenue. Ilo ycnoButo 3anaun, CosiHIE U 3Be3/1a ABMXKYTCS IO OJHOM KPYyroBOW OopOUTE C OJIMHAKOBBIMHU
ckopocTsMu V. I300pa3uM ux MOJI0KESHHUE HAa ITON OpOuTe:

LleHTp
[fanakTuku

ConHue V

O0603HaunM yroi Mexy HanpasieHusMu oT CoiHIa K 3Be3ze U HeHTpy ['amakTuku kak y. Cucrema u3 ABYX
3BE3JI BpAIaeTCsl KaKk €IWHOE IIeJI0e, TIOATOMY JIy4eBOH CKOpOCTH Yy 3Be3/bl oTHOcuTenbHO CoiHia HeT. EcTh
TaHTeHIMAJIbHASI CKOPOCTh, paBHAs

Vi =2u=2V cosy.

Orcrona

y = arccosﬁ =70°.
2V

Paccrosnue MCKAY 3BC31aMHU PABHO

L=2Rcosy=2R£=%=5.5 KHK.
2V v

K sromy ke 3HaueHHI0 MOKHO NpuiTH U npoie. Ecnu 1Be 3Be3apl BpauatoTess BOKpyr CollHLa Kak €IMHOe
nesnoe, 6€3 U3MEHEHHs B3aMMHOI'O0 PACCTOSHUSA, TO B CUCTEME OTcueTa, cBsizaHHOU ¢ ConHLeM, BTopas 3Be3/ia
OyZeT BpallaThCsl BOKPYT HEro €O CKOPOCTBIO V1 U TeM ke nepuojoM, yto CoJHLE BpalaeTcs BOKPYT LEHTpa
INanaxtuxu. Paguyc kpyra BpamieHus 3Be3bl L OyZeT OTHOCUTBCS K paaunycy opoutsl ConHua R Tak xke, Kak U
COOTBeTCTBYIOIUE cKopocTH (V1 K V).

AGconmoTHas 3Be3/IHAs BENIWMUYKMHA 3Be3/bl M Onmska K comHeuHoi (+4.7"). Torma BuauMas BEIUUYKMHA
COCTaBUT

m=M-5+5lgL+0.002 L=+29.5"
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4. Cucrema oueHuBanusi. OCHOBHAsI 4acTh PEIICHUS 3aJaHUs COCTOUT B BBIUUCICHUU PACCTOSIHUS MEXIY
ConHueM M 3Be3/10M, UCXOAS U3 TeIUOLEHTPUUECKOW CKOPOCTH 3BE3/Ibl. DTOT 3Tal PEUIeHUs OLleHUBaeTcs B 4
Oamna. B ciydae mcrnonb30BaHus 0oJiee CIIOKHOTO CIOco0a, ONMMCAHHOTO BhINIE, 2 0ajuia BBICTABISICTCS 3a
(hopMyIly OTHOCUTENBHO yIJia Y TUO0 HAXOXKJIEHUE ero 3HAaYeHUs, U elle 2 0asuia — 3a BRIYUCICHHUE PACCTOSHUSL.
Ecnu mpu BBIMONIHEHUU pEHICHHs] Y Y4YacTHHKA (UTYPHPYET HEHyJeBas JydeBasi CKOPOCTh 3BE3[IbI — 3TO
YKa3bIBa€T HA HEMPABWIBHOCTh BBIMOJHEHUs dTama, W JaHHble 4 Oamna He BbIcTaBIsIOTCA. [Ipsimoe
BBIYUCIICHUE PACCTOSIHUS YE€pPE3 OTHOCUTENIbHOE ABMKEHUE U MIPOIMOPIIUIO CO CKOPOCTAMHU TAKXKE OLIEHUBAETCS B
4 6anna.

Bropoil stan pemieHus COCTOMT B BBIYMCICHUM BUJIUMOW 3BE3THOM BEIMYMHBI 3BE3[bl. DTOT ATall
orieHuBaeTcsa B 4 O6ayuia. Eciiv mpu 3TOM HE yYHMTHIBA€TCs MOTJIONIEHNE CBETA B MCKe ['amakTuku (C OTBETOM
okoJ1o +18.5™), u3 4 GamIOB BHICTABIIAETCS TOJILKO 1 Gaiul.

5. Ycaosue. V 3Be3znl 12" cnekrpanbroro kiacca G2V oOHapysxunu konebanus Oiecka ¢ meprogom 10 jer,
BBI3BAHHBIE MTPOXOXKICHUEM IUIAHETHI [0 €€ IUCKY — B nosioce V riayOuna coctaBuia 1.500% no sipkocty, a B
muand Hoo — 1.520% mo sipkoctu. OueHuTe pa3Mepsl MIAHETHI U BBICOTY €€ aTMocdepsl, cuntas atMochepy
COCTOSIIIIEH U3 aTOMapHOI0 BOJOPO/ia U HENpo3payHoi B InHUU Hol, a opOUTY miiaHeThl — KpyroBOH, JiexKaliei
Ha Jiy4e 3peHusi. OnpeaennTe MaKCUMaJIbHOE YIII0BOE PACCTOSIHUE MEXKIY MUIAHETON U 3BE3I0M.

5. Pemienue. CM. 9 kiacc.

6. YcaoBue. Ha pucynke npeacrtasieH cnekTtp rajaktuku SMM J2135-0102, umeroiieil kpacHOEe CMEILIEHUE
z=2.33. Ilo ocu alcmucc OTIOXKEHA JIMHA BOJHBI B JOrapu(MUUYECKOM Macmitabe, Mo OCH OpJUHAT —
W3MEpEeHHas CIEeKTpalibHasl IUIOTHOCTh MOTOKAa M3JIy4YeHMsl Takxke B jorapudmuyueckom macurtade. [lannas
raJlakTUKa OTHOCUTCS K TaK HA3bIBAEMbIM CyOMUJUIMMETPOBBIM TaJaKTUKaM — B HHUX TMPAKTUYECKU BCE
W3NTydeHUue 3Be3]l MOIJIOIIAeTcss M MEepeusslydaercs MbUIbI0 B CyOMHJUIMMETPOBOM  JIMaria3oHe
AJEKTPOMAarHuTHOro crekrpa. OLeHNnTe XapakTEpHYIO TeMIEpaTypy NbuiM B rasiaktuke. (C.B. [lurunenxo)
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6. Pemnenne. byieMm cuntarh, 4TO M3Iy4y€HUE NN OJU3KO K YEPHOTEIBHOMY, U UCIIOJIB3YEM 3aKOH CMELICHMS
Buna, utoObI oueHUTH ee TeMnepatypy. 1o HuxkHeH ocu abcuuce rpaduka OTI0KeH JorapudM JUIMHBI BOJIHbI
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B MHUKpoMeTpax. MakCHMyM H3IIy4eHHUs TbUIM Ha rpaduke NpUXOTuTCcs Ha 3HavyeHue Jsorapudma 2.6,
CJIEI0BATEIILHO, JIMHA BOJIHBI PaBHA

M = 1076 = 400 MKM.

DTO AJIMHA BOJHBI MPUHATOTO M3Iy4YeHUs. VICTOUHMK M3iIyuyeHus yAalsercs OT Hac C BBICOKOW CKOPOCTBIO.
YuurteiBas KpaCHOE CMEUIECHHUE:

— ﬂ'H?M — ﬂ’COECTB

z

9
//LCOECTB

MOJIy4aeM JUTMHY BOJIHBI B CHCTEME OTCUETa CaMOM TalaKTUKH:
Acosers = M/ (1+2) = 120 MKM.
W3 3akoHa cMerieHnss BuHa HaxoauM TeMIieparypy:
T=2.9 MM/ Aeosers = 24 K.

6. Cucrema oueHuBaHus. [lepBbIM >TamoM pemieHUS 3aJaud SBISETCS ONPEICICHHUE JIWHBI BOJHEI,
COOTBETCTBYIOIIEH MaKCUMyMy U3JIy4YeHUs] TajlakTHKW, 4YTO oOleHuBaeTcss B 2 Oamwia. Eciaum npu stom
JIOIyCKaeTCsl OIMOKa B MHTEpIpeTaluy JiorapupMuieckoil mkansl ¢ orBeToM 600 MKM MM APYTHUM, 3TH 2
OaJia He BBICTABIIAIOTCA, HO JAJbHEHIIEe pelIeHne OLICHUBAETCA B MTOJIHOM Mepe.

[lepeBon B COOCTBEHHYIO [UIMHY BOJIHBI C Y4YE€TOM KpPacHOIO CMEIIEHHUS OLeHUBaeTcs B 3 Oasia.
Hakonen, npumeHeHue 3akoHa cMmellleHuss BuHa v omnpeseseHne TemrepaTyphl IbUIM OLEHUBAETCs euie B 3
Oarmna. YYaCTHHKHU OJMMITHAIBI MOTYT BBIMIOJIHUTH MOCJICTHUE JBE ONEpalii B 00paTHOM MOPSIKE, OTPEICIIUB
"BuuMyr0" TeMmriepatypy ramaktuku (okojo 7K) m ymHOXHB ee nmanee Ha (1+z). Takoit momxonm cumtaetcs
Tak)Ke MpaBWIbHBIM. OHAKO, €CITU TIEPEBO]] B COOCTBEHHYIO CUCTEMY OTCUETa TaJIaKTUKHU HE MPOU3BOIUTCS, U
TeMIepaTypa ONnpenesaeTcs, UCXOAs U3 U3MEPEHHOM JIJTMHBI BOJHBI ¢ OTBETOM 7K, TO 3a BTOpOM U TPETHl ATall
BBICTaBIIsSIETCA HEe Oosee 2 OamioB (obOmias oneHka — He Oonee 4 OGamno). Ecam BMecto mMHOXuTens (1+z) B
petieHuu GUTypUpyeT MpocTo z ¢ oTBeToM 16K, To 006111ast oreHKa cocTaBisieT He Oosiee 6 OaJLIOB.
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