XXIITI Cankt-IlerepOyprckas 2016

aCTpoHOMMNYECKasAd OJIMMIINaJda 14
TEOpEeTUYeCKUil Typ, pelleHus] dbespasis
7-8 Kaaccol

1. Yepe3 KaxKjple MIEeCTh JIET HEKOTOPBIN acTepou)i ¢ KpyroBoit opbutoit HabJIIoJaeTcsd B IIPO-
THUBOCTOSTHUE B co3Be3uu Kosepora. Yepes kakoe BpeMmsi 1mocjie nmpotuBocTosinus B Kozepore
aCTepOn] OKAYKeTCsd B CJIEIYIONEeM TpoTUBOCTOsTHUU?! B KakoM co3Be31uu OHO OyaeT HabJIro-
JaThea?

Pernenue:

Tax Kak TOJIBKO Yepes 6 JIeT MOJTHOCTHIO IMTOBTOPSIETCS B3aNMHOe paciooxkenne 3emn, CoaHIa
u acTeponjia, To 6 JieT — 9T0 HauMeHbllee 0bIee KPaTHOe CHJIEPUIECKOro (MCTHHHOIO) opOu-
TaJIbHOIO IIEPUOJIa ACTEPOUIa U CUIEPUIECKOT0 opouTaabHoro nepuosia 3emitu. CiieioBaTe/bHo,
CUJIepUYecKuil IepuoJ] acrtepounia paseH 1’y = 6 romam.

Y3HaeM, depes3 Kakoe BpeMs S Ipou3oiiier bimmKaiiiee mporuocrostaue. [lycts acrepon 1Bu-
ket BOKPYT CoJIHIIA B TY 2Ke CTOPOHY, UTO 1 3eMJisd. Tak Kak opouTaIbHbIN IIePHOJT ACTEPOU 1A
OOoJIbIIIE 3eMHOTO T0/1a, TO 3eMJIsI JIBUKETCsI 110 CBOei opbuTe ObICTpee Hero. 3a BpeMsl TOJTHOTO
obopora 3emsin Bokpyr Coutiia (rof), acrepous ycreeT mpoiiTu HEKOTOPOe PACCTOSIHIE IO CBO-
eit opobute n cmectutcsd ¢ auHun «3emysd — CoJtHIey, Tak 9To 3eMJie PUJIETCA er0 «IOTOHATHY.
B urore, Kk ToMy BpeMeHM, KaK TPHU TeJjia ONATH BCTaHYT B ojHYy JmHHIO «CosHIle — 3eMJs
— acTepou», acTepou/I moBepHeTcs oTHocuTe/IbHO CoJTHITA 110 OpOUTe HAa HEKOTOPBIH Yros o,
a 3eMJIsI 3a 3TO 2Ke BpeMs S ¢aIeiaeT MOJIHbBI 000poT B 360° U JOMOJHUTEIHHO IIOBEPHETCS EITe
Ha TOT K€ caMblil yrosu a:

910 BpeMs S, depe3 KOTOpOe ITOBTOPSAIOTCS OJMHAKOBBIE B3aHMMHBIE PACIIOJIOXKEHUS 3EMJIN,
CoJiHIIa 1 KaKOIO-TO TPETHEro TeJia, HA3BIBAETCs CHUHOAMYIECKUM IIEePHOIOM. Bbramcimm ero.
C o/1HO#T CTOPOHBI, ITO BpPEMs PABHO
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caeoBaresibio S = 6/5 3emuoro roga. Crano 6bITh, Yepe3 TaKoe BpeMsl aCTePOUT] U OKAZKETCsT
B CJIeJIyIoleM mpoTuBocTogHun. Takum ob6pa3oM cpeju 3Be3J oH mpoiiger 1/6 cBoeii opbuThI
(ron), T.e. 2 co3Be3nus, wioc emme 1/5 ot 1/6, T.e. 1/30 opbursl, ciremosarensbro, 12/30 wim 2/5
e1e OJHOr0 CO3Be3AMA. TaK KaK aCTepOU/I IBUKETCA IPOTUB 4acoBOiil crpesku, To g Coinna
OH OKaykeTcst B 3-M 10 Xojy rojudanoro jsmzkenusi Couana co3sesaun or Kosepora (6), T.e.
B Osre (V). CousHIle JJIsi HETO HAXOJUTCSI B MPOTHBOIOJIOXKHOM CO3Be3/wu, T.e. B Becax (Q).
Tak Kak 3TO MPOTUBOCTOSIHKE, TO 1 3eMJist jisa Hero B Becax. ITo HenpepbiBHOCTH, 11t 3eMJin
Counnie Toxke B Becax, a acreponji B OBHe.

[TpoBepuM 510. 3a 3T0 )Ke BpeMst 3eMJist IPOIIET 1o cBoeii opbuTe 1eibiit obopor mwitoc 1/5 06o-
pora. T.e. ona gy CostHia cmectuTes Ha Bee 12 co3Besnuii u eme Ha 12/5, T.e. ToxKe Ha 2 ILTIOC
2/5, 1.e. okaxkercs st CostHiia Toxke B 3-M or Kosepora co3esnuu, T.e. B OBHe.

AnajiorngHeIM 00pa30M MOXKHO PACCMOTPETh MMIOTETHIECKUl CIydaii, KOrja acTepoul JIBU-
xkercsg BOKpyr CoJiHIIA HE B Ty Ke CTOPOHY, UTO U 3eMJjs, a B oOparHyi. B sTom ciyuae
IPOTUBOCTOsTHUE CorydnTcst depe3 S = 6/7 roma B co3se3auu 3meenocna. Ho cieayer 3ameTuts,
9TO aCTEPOUJIOB, IIPUHAICKAINX [JITABHOMY IOSICY, ¢ KPYTOBBIMU OPOUTAME, OOPAIIAIOIITIXCS
B oOpaTHyi0 cTopony, B CoJIHETHOI cucTemMe Her.

b.B.9cxun, M.B.Kocmuna

Aromapnblit Bojiopo B ['astakTuke pacipejiesieH B JIMCKe PanycoM 0Koj10 20 KITK ¥ TOJIIHHOMN
nopsiika 50 K, Macca BCEro aToOMapHOIo BOjopoja cocTasisgeT okoso 7 - 109 mace Connra.
3Has, 9TO Macca OJHOrO aToMa Bojopoja pasHa 2 - 1072 1, olneHHTe KOHIIEHTPAIMIO aTOMOB
BOJIOPOJIa (KOJIMYECTBO ATOMOB B eJMHUIE 00beMa) B JIUCKe ['aJIaKTUKU, €CJIU U3BECTHO, ITO
macca Cosmana cocrasiser 2 - 1030 k.

Pentenne:
Ornpesiesium 00beM, 3aHUMaeMblit BOgopoioM B [aakTtuke. O0beM jncKa MOXKHO TPUOJIU3UTH
00bEMOM IUJINHIPA, BBITUCIIEMBIM 10 (PpOpMYyJIe
V =nR*h = 7(2-10%)?%. 50 nx® =~ 6.3 - 10'° x>
C yuerom Toro, uto B oHoM Hapceke 3 - 100 m, o6bem B Kybuueckux Merpax OyeT paBeH

V =6.3-10"(3-10'%)% = 1.7 10% »®.

Macca aromapnoro sogopoa s cucteme CU pasna M = 7-10%-2-10%° kr = 1.4-10° xr. Torzna
B 1 M® Gyzer comepKaThcs Macca BOJOPO/a, paBHas
M
=—~0.8-107% kr.
P=y
BHas Maccy aToMa BOIOPOJa 1M, OIPe/Ie/ MM KOHIIEHTPAINIO KaK KOJIMIeCTBO aTOMOB BOJIOPOIA

B KyOM4YeCKOM MeTpe:
p 081072 kr/m® 6 3
T T 210 % ke /u

A.B.Beceaosa



3.

Hekoropoe nebecHoe Tesio ¢ Mmaccoit, paBHoit ogHoit Macce CoJtHIta, 00/1a1aeT CJIELyIOIUM CBOT-
CTBOM: BEC MYXH, TIOMEIEHHON Ha €0 TIOBEPXHOCTH, COBIa A I ObI ¢ BecoM cjioHa Ha 3emie. Ote-
HUTE IJIOTHOCTD JIAHHOT0 HebecHOoro Tea. K KakoMy Tuiy o0beKTOB MOYKET IPUHAIeXKaTh 9TO
Tesao0?

Pemnienne:

n CJIOH, 1 MyXa — 2KHBbI€ OPI'aHU3MbI, TaK 9TO UX CpeJaHAd IIJIOTHOCTDb JTOJIZKHA OBITH OJIM3KOI
K IIJIOTHOCTHU BOJbI. HOSTOMy X MacCCy MO2KHO 6y,ZLeT OLICHUTDH, €CJIM OIEHUTH Pa3MEPDLI.

O6bruHast MyXa — 9TO MUJIMHJPHUK JTHHON B 4-5 MUJIIMMETPOB ¥ TOJIIUHON OKOJIO 2 MM (HOT'H
U KpbLIbsi Mbl YUUTBIBATL He OyjieM, X Macca sBHO HeBejnka). CjiegoBaTesibHO, ee 0O6beM
cocraser okojo 20 mm3. Tlockosbky 1 Mm® umeer maccy 1 Musiurpamm (Mr), To Maccy MyXu
MOXKHO OIIeHUTh Kak m ~2 20 MT.

OcHoBHast 9acTh CJOHA (TakKe 6€3 HOI U IMPOYMX BBICTYMAONINX YacTell Teja) — TaKyKe Iih-
JIMHJP JJIMHOM OKOJIO 3 M M TOJIIIMHON HEecKoJbLKO Oojiee Merpa. CirenoBaTesibHO, 00bEM OC-
HOBHOI YacTH CJIOHA OKOJIO 3 KyOmueckux MeTpoB. [lockoJsibKy HOTM, ymiu u XO00OT y CJIOHA
OTHOCUTEJILHO TOJIIIIE, YeM KPbLIbs U HOTH y MyXH, JJ0OABUM 3a UX CUET eIle OJIuH KyOboMeTp.
Torma cpemHIOI Maccy CJIOHA MOXKHO OIEeHUTb Kak M = 4 TOHHHI.

Bec Tesa omnpenesnsgercs Kak 1pouW3BeJleHIEe MACChI TeJla Ha YCKOPEHHe CBOOOJHOIO Ia/ICHU.
B ciiyuae pacnosioxkenud Tejia Ha o0bekTe pajuyca R u Macchl 9T BbIpaKeHue JIjisi YCKOPEHU s
CBODOJTHOTO TaJICHUST UMEET BU/T

G
R% -

g:

HOCKO.Hbe N3BECTHO, YTO BE€C MYXH OKa3aJICd PaBHBIM BeCy CJIOHa Ha BeM.He, TO MOXKHO 3alll-
CaTb paB€HCTBO JaHHbLIX BECOB B BUJC

GIM G Mg,
mR2 =M R% .

Torma paanyc HEGECHOTO TejIa MOXKET OBITH BhIPaykKeH (hOPMYJIOit

~3-10° M.

m 2.10- 106 xr - 2- 10%0
R= Ry |2 :6.4-106M\/ K =

M Mg 4-10% kr- 6 - 10%* kr
Cunrast HEOECHOE TeJIO MapOOOPA3HBIM, OIPEIEIMM ILJIOTHOCTh KaK

m 2103
p=7 = T 9.10% Kr/M°.

s B s (4.1-105 m)3

Ten ¢ Takoit moTHOCTHIO BO Beenennoit ue cyiecTtByer. Y HEHTPOHHON 3Be3Jbl ILIOTHOCTD
3 3

Gosbie: 1017 kr/m”; a 'y Gesioro kapiuka — menbie: okosio 10 kr/m”. Tak uTo, K coskasIeHuIo,

ClIeJIaTh U3 MYXHU CJIOHA HE MOJIYIUTCH.

A.B.Beceaosa

Onennre, MpU KAKOM MaKCHMaJIbHOM yTJIe HaKJIOHA OpOUTHI BeHephl K SKJIUITUKE MbI MOTJIN
OBl JIFOO0BATHCA ITpoXOXK AeHneM Berneps! 1o aucky CosHIIa Kark10e HIKHee coeauHeHne?

Pentenne:

MakcuMaJibHBII yroJ1 HakJIoHa opOuThbl BeHepbl K SK/IUNTHUKE ¢, IPU KOTOPOM KarKJ10€ HUZK-
Hee coeJmHeHNe Oy/IyT HADIIOMAThCs ee TPOoxXoXkKaeHns 1o aucky CosHia, Oymer Toraa, Koraa
B caMOM Kpaiiem ciydae Bernepa npocro xkocuercst Kpas CostHIla (CM. PUCYHOK):



U5 Tpeyronbrukos Ok® n ©OkQ nomyuaem: Zk© @ = 90° — g, Lk © @ = 90° — do, a
Lk ©Q— Lk ©® = i, cieosarenpHo, i = dg — 0g. Kak Jlerko 3amMerurs, 9T0 pasHOCTH 110-
JIYHOIIEPEIHUKOB (yTI0BbIX pasumycoB) CosHia, B IUMbIX ¢ Bereps u ¢ Semitm.

[Ipu yBenmuenun paccTOAHHUSA JIO OOBEKTA €ro YIJIOBOW pa3Mep yMEHBIAeTCsd, MPUIeM, €CJIh
yTOJT HeOOJIBIIOI, TO BO CTOJIBKO Pa3, BO CKOJIBKO YBEJIMIIIOCH PACCTOTHAE. DTO MOYKHO ITOHSATD,
IIOCTPOUB COOTBETCTBYIONINIT PUCYHOK M TIOMEPUB YTJIbl TPAHCIIOPTUPOM.

Yruosoii paguyc ColHIla, BUAMMOIO ¢ 3eMJIM, paBeH YeTBepTH rpajyca, i 15, Paanyc opou-
bl Benepor pasen 0.7 a.e., T.e.Benepa maxomurcs k Cosniyy 6smzke, wem 3emist B 1/0.7 pasa,
cJieToBaTeNIbHO, yriioBoil paaunyc CostHia, BuauMblii ¢ vHee, Oyier B 1/0.7 pasza Gosblie, Yem Bu-
mumblit ¢ 3emumn. ClieoBaTebHO,

i =05/0.7— 6 = (0.3/0.7) - 15" ~ 6.4

B peasibnocTn yros nakjaona opobutbl Benepnl K sxunTuke pasen 3°.4, T.e. moutu B 2000 pa3
MIPEBBIIIAET YTOJI i, TIO9TOMY TIPOX0KieHust Benepor no jaucky CostHIla — OUYeHb pejKue coObI-
THS.

M.B.Kocmumna

[Ipencrasbre cebe, aTo ceromus yrpoMm, 14 dbespassa 2016 roga, Hesaoro 10 Bocxoga CosHIa
BBl 3aXOTeJIN MMOCMOTPETh Ha Napa/] Bcex Apkux mianer CosrHeunoit cucreMsl u JIyny. B kakom
nopsiyike (¢ BOCTOKa Ha 3alaj]) 3T 00bEeKThl pacrosiarajnch Ha uebe? Bam u3BecTHO, 4TO:
9 mapra Ha 3emJjie IIPOU3OUJIET MOJTHOE COTHEYHOE 3aTMEeHHue; Hejeso Haza Mepkypuit ObL1
B HaMOOJIBbINEN 3amaHoi 3j0HTamu; Benepa maxomurcs Ha paccrosnum 28°.5 K 3amajy oT
Comnna; Mape mHaxomguTes B co3Besaun Becos; 8 maprta FOmmrep Oymer B MpOTHBOCTOSIHUN;
CaTypH He HAXOJIUTCHA HU B OJHOM U3 30/IMaKaIbHBIX CO3BE3/INI.

Pemnienne:

Haunem ¢ mianer. PasymMHO 1Iperio/oXKuTh, 9T0 OJIM3KO K BOCTOYHON YaCTU TOPU30HTA OyIyT
pacriosiaraTbCst BHyTpeHHHue 1aneTs! (Berepa n Mepkypuit), KoTopble He MOTYT HaOJIIOIATHCS
Brasn or Comana. Hambosbinee paccrosiine Mepkypust or CoJHIa, KOTOpOE OH JIOCTHUTAET
B MaKCUMaJIbHOHN JIOHTAINH, COCTaBJIAET OKOJIO 28°, KpOoMe TOro, 3a TMOCJEIHIO HEJIEeTI0 OH
TosbKO npubsmkaica K Comnity. [lostomy on naxomures 6imzxke Kk Counity, yem Benepa.

Coutrrie 14 deBpaiist HaxoauTcs B co3Be3nn Kozepora, 6/1u3Ko K rpaHuiie ¢ co3pesaneM Boo-
jgesd. A CarypH, 04eBHIHO, HAXOAUTCSI B 3MEEHOCIE — B €IMHCTBEHHOM CO3BE3JIUHU, YepPe3 KO-
TOpOE MPOXOJIUT IKJIUITHKA (& 3HAYUT, ¥ BUIUMBbIE IIYTH IJIAHET) U IIPU ITOM He OTHOCSIITIMCS
K 30/IMaKaJbHBIM. 3MeeHocer Osmke K Kosepory, 1em Becor, mosromy CatypH pacrosiaraercs
Ha Hebe Boctounee Mapca. Kpome Toro, mex iy Koseporom n 3meeHoCIEM HAXOIUTCS J1OCTa-
TouHO GoJibiioe cos3pesjne Crpesbiia, Tak uto Oimke 28.5° (T.e. Gimxke Benepnr) k Cosnity
CarypH ObITH HE MOIKET.

FOnurep 6,iM30K K TPOTUBOCTOSIHUIO 1 1T09TOMY HaxouTcst 0T CoJTHIIA JIaJIbIine BeeX (Ha caMoM
Jiesie oH B co3esnnu JIbBa). Tak, ¢ mopsikoM miaHeT Mbl onpeenninch: Mepkypwuii, Benepa,
Carypn, Mapc, FOmurep.



Ocrasocs pazobparbest ¢ Jlynoit. CosHednoe 3armenue TpOUCXoAuT B HoBosyHEe. [losTomy
9 mapra — HoBoJyHue. [Ipepiayiiee HOBOJIyHIE TIPOU3OILIO HA Mecsr (Tounee, Ha 29.5 jHs)
panbiie — 8 despassg. CoOTBETCTBEHHO, Uepe3 HeJEJII0 MMocje HOBoIyHudA, 14 despadis, Jlyna
6imska K daze [ verBepru (Koropasi Ha caMoMm jiejie HacTynuT 15 dreBpasisi), HAXOIUTCS PH-
MepHO B 90° BocTouHee COJTHIIA 1 HIKAK YTPOM HE MOYKET ObITh BUHA, TAK KAK HAXOIUTCS O
ropu3oHTOM. Tak 4To HaO/0eHus JIYHBI BaM MPHUIILIOCH ObI OTJIOXKUTh.

M. U. Boaobyesa

http://school.astro.spbu.ru



