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1.

O6wbekT, npunaexkamuit CoOTHETHON crcTeMe, HaXOIUTC B MOJIOCE IKJIUIITHKH, W IIPA 9TOM
HU3BECTHO, 9TO y 9TOr0 00beKTa BeJIUINHA IOJMIHOTO apaJsiakca i NOJIUIHON abeppaliun CoBIa-
nmaior. Onennre paccrosgaue 10 oobekTa. Kakoit Oyaer BuauMast ¢ 3eMJId TPACKTOPHS JIBUKCHUS
9TOro 0O6bekTa Ha HebecHO# cdepe B TedeHne OJHOrO0 3eMHOIro rojaa’

Penienne:

Tak KakK 00BEKT HAXOJUTCH B IOJIIOCE SKJIMIITUKU, TO B TeUeHue roja 3a cder abeppaiuud oH
OIMCHIBAET Ha HEDeCHOI chepe OKPYKHOCTH € PAJIMYCOM, PABHBIM BEJIUYIUHE TOJUYIHON abeppa-
i — 20”. Ecu 9Ta BeJinyrHa HeM3BeCTHA, €6 MOXKHO TOJIYYUTh U3 BhIPazKeHUsl /i abeppaliui

V.
o= — sinb,
c
rjae V' — cKopocTb JIBUZKeHHs HaDJII0[aTelisi OTHOCHTEIbHO 00beKTa (B JaHHOM Ciydae opOu-
TaJbHAsI CKOPOCTh 3eMJr, 0K0J10 30 KM/C), ¢ — CKOPOCTH CBeTa, ) — yroJ1 MexK 1y HAIPaBJIeHHeM
JIBUPKEHUsT HAOJIIO/IATE I U HAIIPABJIEHUEM Ha OOBeKT (Tak Kak OObEKT B MOJIIOCE IKJIUITUKH,
0 = 90°), 0 — abeppallMOHHBIN YIOJI B paliaHax.

[TockosbKy paccrosinue 70 00beKTa B napcekax r = 1/, rje m — TOJUYHBINA apaljIakC B ce-
KyH/IaX, [IOJIy4aeM, 9TO paccTosHue j0 obbekTa cocrasiser 1/20 nk. Cpaldy ke 3aMeTuM, ITO
00bekT, nmpunayiexkaiuit CoJinevdHoil cucreme, JIOJIKEH UMETh Ha TAKOM PacCTOSHUU HEOOJIb-
Iy TPOCTPAHCTBEHHYIO CKOPOCTD (€€ MAKCHMAIHHO BO3MOXKHYIO BEJIMIMHY MOXKHO OIEHUTDb 1
KOJIMYECTBEHHO KaK 1Mapabo/ImIecKyio CKOPOCTh Ha COOTBETCTBYIOIIEM paccrognun ot CoJHna,
KoTopast cocrapysier 0.4 KM/c), TO9TOMY COOCTBEHHBIM JIBUYKEHHEM OObEKTa B TeUeHHe Tojia
0e3yCJIOBHO MOXKHO IIpeHeOpetb, BUJ U pa3Mepbl TPACKTOPUH JIBU2KEHUsT 00bEeKTa 10 HeOeCHOM
cepe onpesiesIaioTes TOIBKO MAapasIakcoM U abeppariueii.

W1 3a cuer rogudHOil abeppaluu, U 3a CYeT IOAMUHOIO IapalIakca 00beKT OyIeT CMelaTbhes
na nebecuoii cdepe Ha 20" 10 OTHOIIEHUIO K MCTHMHHOMY HoJ0xKenuio. OQHAKO CMeIleHue 3a
CUeT mapaJlakca HAIPABJICHO B CTOPOHY, IPOTUBOIOJIOXKHYIO IOJOKEHUIO 3eMJIM Ha opoute,
a CMeINEeHMe 3a cueT abeppaluu — B CTOPOHY, COBIAIAIONIYIO C HAIIPABJICHHEM OPOUTAILHOI
ckopoctu 3emim. [losTomy 06a cMemennst Beeraa MeplueHInKyIapHbl IPYT JIPYTy, U CyMMap-
HOE CMeIIeHne 00beKTa Gyter cocrasiars /2 - 20”7 = 28”7 ~ (/.5. Tak Kak OHO MOCTOSIHHO B
TEUEHHE T'0JIa, 4 €r0 HAIPABJICHUE MEHSETCs ¢ HPAKTHYECKH IIOCTOSHHON yIJIOBOM CKOPOCTBHIO
(oTKJIOHEHUST OOYCIOBJIEHBI TEM, YTO OpOUTa 3eMIH 00/1a/1aeT HEHGOJIBIIIM SKCIEHTPUCUTETOM ),
TO OOBEKT B TE€UYEHUE I'0JIa ONHUINET Ha HeGecHOi cdepe OKpyKHOCTD ¢ pajumycom 0.5.

[Ipu pajsmonabIIIoIeHIAX BHETAJIAKTHIECCKOT'O BOJIOPOIHOIO 00J1aKa ObLIO 0OHAPYKEHO, ITO OHO
U3JIydaeT Ha JJIMHE BOJIHBI 28 CM, NpUYeM IIUPUHA JIMHUA u3jaydeHus cocrasiserT 0.1 M.
M3BecTHO Tak:Ke, 4TO yIJIOBbIE pa3Mephl objiaka Ha Hebe cocraBisaior 4”. Ouenure Maccy 9Toro
obJraka.

Penienne:

I/ISBGCTHO, q9TO HeﬁTpaJIbeIfI BOJOPO/A U3JIyda€T Ha JJJIMHE BOJIHBI 21 cM. Bee ocranbhble BO3-
MO2KHbI€ JIMHUX U3JIYy9EHNA BOJOPOAa HAXOJATCA B HAaMHOI'O boJtee KOPOTKOBOJIHOBBIX O6HaCTHX,



[I0O9TOMY JIPYTUX Pa3yMHBIX BAapUAHTOB OTOXKJIECTBJICHUS HAOJIOMAEMON JIMHUU HE MMEETCH.
OObeKT, 10 YCJIOBUIO, SBJISETCH BHETAJAKTUIECKUM, IIO9TOMY PA3HUIA MEXK1y HabJII0/1aeMoi
1 J1aDOPATOPHON JIJIMHAMY BOJIH U3JIy9CHUS JIOJIZKHA 00bACHATHCA KOCMOJIOTTIECKUM KPACHBIM
cMerreHreM (BTOPO BO3BMOKHBIN BAPUAHT — yJlaJleHne CPABHUTEIHHO OJIM3KOTO 00JIaKa OT HAC
CO CKOPOCTBIO, CPABHUMOIi CO CKOPOCTHIO CBETA — HEPEATHCTHYEH ).

Bocrnionbsyemest 3akonom Xab0Jsa Jijid OIEHKHU paccTosinusd j1o0 obsaka. Kak m3BecTno, cz =
Hr, tne — ckopocth cBeta, 2 = AMN/\ — KpacHoe CMeIleHne, r — pacCTosHne J0 00beKTa,
H — nocrosnnas Xab6sa (npumvem ee 3uadenue pasabiv 70 kM/c/Muk). Torma paccrosiame 10
obbekTa cocTapsdger r & 1.4 - 103 Muk.

13 onpesesnenns napceka cieyer, uTo Ha paccrognuu 1.4 - 107 nk mox yrotom 17 Bujmo pac-
crosmme 1.4 - 10% a.e. CreoBaTenbno, XapaKTepHbIi pajmyc obsaka coctasider 3 - 107 a.e.

H_[I/IpI/IHa CHeKTpaJIbHOfI JIMHUM 1103BOJIIeT HAUTH XapaKTEPpHYIO CKOPOCTbL U JABHU2KEHUA aTOMOB
B obutake. JIunnsa pacHinpdeTcd n3-3a JOHIIEPOBCKOI'O CMEIIEHUA, IIO9TOMY

rjge A = 28 cM (Kpas JUHUH TOXKE MEHSIOT JUIMHY BOJIHBI U3-33 KOCMOJIOTHYECKOTO KPACHO-
IO CMEIeHNs], [I09TOMY CPABHUBATDH IUPHUHY JIMHUK HY?KHO HMEHHO C HabJIIOaeMOil JJIHHOMN
BoJtbl), AX = 0.05 Mmm (mostoBuna nupunsl Juarn). OTciona moaydaeM v & 50 KM/c.

Haiitu cBsi3b Mexkly XapakKTepHOil CKOPOCTBIO M Maccoil obJiaka MOXKHO JIByMs CIIOCODaMU.
HauboJtee KOppeKTHBII — BOCIIOIb30BaThHCA TeOpeMoil BupuaJia. M3BecTHO, UTO Jj1s1 yCTORYINBOI
CaMOI'PABATUPYIOIIEH CUCTEMBbl CYMMa Y/ABOCHHON CpeHell KUHETUYCCKON SHepIruu U CpeaHein
[IOTEHINAJILHOI SHeprun paBHa HyJ/io. [Ipe/mnoaras, 94To Bce aToMbl 00J1aKa UMEIOT CKOPOCTh U,
U 3Has, YTO NOTEHINAIbHAS SHEPTIUS I'PABUTHUPYIONIETo mapa Macchl M u pajmyca R mpuMepHO
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MozKHO BOCIIOJIb30BATLCA U 00JIee TTPOCTBIMEA COOOpazKeHuAMU. Bee gacTuibl oo1aKa JIBUXKYT-
cs1 TI0 HEKOTOPBIM OpOUTaM BOKPYT ImeHTpa objaka. O4UeBHUIHO, ITO MaKCHUMaJIbHYI CKOPOCTH
Oy/IyT UMeTh YaCTHUIIbI, HAXOJSIIUECTd Ha IpaHUIle 00JaKa, IPUIeM UX CKOPOCTb MOXKHO IIPHU-

OJIMKEHHO OIEHUTH KaK KPYTOBYIO CKOPOCTDb JBUXKEHUsI BOKPYT Macchbl M Ha opbuTe pagmyca
R. Torna

Janbheiinme BLIMUCICHNS YI00Hee IPOBOAUTL B cucTeMe enunnl «Mmacca CosHia, acTpOHOMH-

Jeckas eJMHUIA, rof». B sroil cucreme epunun G = 472 v &~ 10 (1 a.e./rox ~ 4.74 xm/c), a

pajuyc obJIaKa B aCTPOHOMUYCCKUX €AMHUIAX HAM YK€ M3BECTEH.

Torma

v?- R 10%-3-10°
G 4-10

M = ~ 10*° macc Cosmna.

Ornennre BeJIMYMHY PA3HOCTH MEXKJIY SKBATOPUAJILHBIM U IMOJIAPHBIM pajimycamu FOmmrepa.
Pammnyc Onurepa npumeprno B 11 pas Gosbite pajmyca 3emn, repuojt Bpamenus: FOmmrepa
BOKDPYT cBoeil ocu cocrasiisger 10 qacos.

Peuienne:



FOuwurep npu Bpamenun Jo/KeH UMeTh (hOPMY, COOTBETCTBYIOILYI0 HEKOTOPON SKBUIIOTEHII-
aJIbHOM MMOBEPXHOCTH, OIIPEIe/IsieMOli TPABUTAIIMOHHBIM OTEHIIMAIOM U OTEHIUAIOM IEHTPO-
6exxHOi cubl. Ky obo3HaunTh skBaTOpuaibHbiil pagnyc FOmurepa R, a monspubiit R — AR,
TO YCJIOBHE PaBEHCTBA MOTEHIMAIOB B HEKOTOPOI TOUKe 9KBATOpa M Ha IMOJIFOCE MOYKHO 3allu-
caTb Kak
GM GM  WR?

R—AR R 2’
rjie G — rpaBuTalmonHas nocrostaaas, M — macca FOnurepa, w — yrioBast CKOPOCTb BPAIIEHWS
FOmnurepa (mockosbky cxkarue FOnmrepa HEBEJMKO, P BHIYUCICHIN MPABUTAIIMOHHOTO TOTEH-
yaJja MOXKHO CYMTaTh, 9TO OH OJIM30K K MOTEHIMAJy Teja €O CheprudecKu-CUMMETPUIHBIM
pacipejiesieHieM TIOTHOCTH ).

I[Ipeobpasyen 9TO BLIPAsKEHHE K BILILY
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u, yautbiBas, 910 AR < R, nperebpexkem AR B 3HAMeHATE e B JIEBOI YaCTU PaBeHCTBA. Loria
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Jlnsg ynobersa Beipasum maccy FOmmrepa wepes ero pajuyc u CpeaHIOn IJIOTHOCTH p:
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a yIJIOBYIO CKOPOCTh — depes mepuoy P = 2w /w. B pesyiabrare mosaydnm

AR_ 3T
R 2GpP2

BHas, 4To cpeaHsas IIOTHOCTH FOnmrepa HeMHOro OOJIbIIE IJIOTHOCTH BOJBI, BBIYHC/ISEM
AR/R =~ 0.05. Takum obpazom, AR cocrasiser okoso 11/20 pajamycoB 3emuin, T.e. OKOJIO
3.5 ThIC.KM (peasibHOe 3HaUeHHE OKOJIO 4.6 THIC.KM).

JIBoiinasg cucremMa COCTOUT M3 JBYX O€JIbIX KAaPJIUKOB, BPAIIAIONINXCA BOKPYT OOIIEro IMeHTpa
Macc 110 KpyroBbIM opouTam. I3BecTHO, UTO TaKasi CHCTEMa UCITYCKAeT I'PABUTAIMOHHBIC BOJTHBI
¢ 9aCTOTOM, PABHOI yIBOCHHON OpOUTaIbHON YacToTe crucTeMbl. OIeHITe MUHIMAJILHO BO3MOXK-
HYIO JIJTUHY BOJIHBI TPABUTAITMOHHOTO MU3JIyUEeHUs TAKON JIBOWHON CHCTEMBI.

Penienne:

MunuMaIbHON JJTMHA BOJIHBI IIOJIyIUTCA TOTJIA, KOIJIa 9acTOTa BOJIHLI OY/JeT MaKCHMAJILHOIM,
CJIeJIOBATEILHO, HAM HY?KHO OIEHUTH MAKCUMAJIHLHO BO3MOXKHYIO OPOUTAJILHYIO YACTOTY CHCTE-
Mbl. Q4eBu/IHO, YTO OHA OYIET JIOCTUTHYTA B TOM CJIydae, eCJid MacChl 000UX OeJIbIX KapJIUKOB
OY/IlyT MaKCUMAaJIbHO BO3MOXKHBIMU, a PACCTOAHHUE MEXKJIy HUMU — MUHUMAJIHLHO BO3MOXKHBIM.
MakcrmMabHO BO3MOXKHasE Macca 6estoro Kapsmka (T.H. nmpejen JaHgapacekapa) coCTaBsieT OKo-
J0 1.4 maccer CoJHita, a XapakKTepHbI pazMep 0eJIoro KapJnka CPABHUM C PA3MEpPOM 3eMJIH,
[IpUYeM PAaCCTOTHUE MEXKTy IeHTPaMH KapJ/IMKOB B JIBOWHON crucTeMe, OYeBHIHO, OTPAHUYEHO
CHU3Y CYMMO#l Pa/inycoB KapJ/IMKOB.

Sanuriiem Tpetuit 3akon Keriepa Jijis Takoil 9KCTPEMaJIbHOM CUCTEMBI:

P? 472

@ G(M + M)

e 6oJIbINas MOJIYOCh @ CyMMa PaJIiycoB Kapiaukos, a ~ 10* kur, a M, u M, coBnasaior ¢ Mak-
CUMaJIbHO BO3MOKHOI Maccoll Kapsuka. Beraucisgsa nepuos P, mosydaeM, 9TO OH COCTaBJIAET



okosio P ~ 10! ¢, cieosaTenbio, opburaibHas 4acToTa UMeeT Beaunanny nopsaka 1071 T, M-
3a Tpy0OCTH OIEHKHU Pajinyca KapJjimka (M PACCTOsTHUSI MEXK/Iy HUME B CUCTEME) y4IeT TOrO, ITO
JacTOTa U3JIyUeHUs B JIBa pa3a 00JIbIlle, MIPAKTHYCCKHU JIUIIEH CMBICTIA, TO9TOMY Ta YK€ TOpsi/I-
KOBas OIEHKA MOYKET OBbITh MCIIOJIb30BaHa U KaK OINEHKA YaCTOThI U3JIyUYeHUsA IPABUTAIINOHHBIX
BOJTH.

N3BecTHo, YTO T'paBUTAIMOHHBIC BOJHBI PACIPOCTPAHSIOTCA CO CKOPOCTbIO cBeTa. llosTomy
A = ¢/v, TIe ¢ — CKOPOCTb CBETa, OTCIO/IA MOJIYIAeM OIEHKY MUHUMAJIHLHO BO3MOXKHOM JIJTHHBI
BoJIHBL — Topsaka 107 M.

[ToBepxHOCTHAsT SIPKOCTH COJIHEYHOI'O IIITHA B D pa3 MeHbIIE ITOBEPXHOCTHON APKOCTH (POTO-
cdepor Cosana. OreHUTEe MHAYKIMIO MATHUTHOIO IOJISI B IIITHE, €CJIM HU3BECTHO, YTO IIOJIE C
unjyknueit B cosjaer MarnuTHoe Jasienue p = B2 kosbduiment x &~ 4 - 10° ITa/Tn?.
[LnorHocTs BemecTsa dorocdepnl cocTassger okoao 1074 kr/m3.

Penienne:

CyHJ‘eCTBOBaHI/IG 1 CTabUJILHOCTD COJIHEYHDIX IATEH B TEUYCHUE JA0CTaTOYHO JAJIMTEJIbHOI'O BpEeMeE-
H1 ()10 MGCHH&) obecreunBaeTcs TEeM, 9TO I'paHUIla IIATHa HAXOAUTCA B MEXaHNYI€CKOM PaBHOBE-
CUn: JaBJICHUE CHaPYy2KU IIOJIHOCTbHIO YPAaBHOBEIIEHO JaBJICHUEM HU3HYTPHU. KpOMe 9TOI'0, IIJIOT-
HOCTDb BeHIeCTBa BHYTPU ITATEH IPAKTUICCKU HE OTIMIACTCA OT IIJIOTHOCTU CHapPYy2KU (I/IHa‘{e TO
2K€ paBHOBECHE TaKzKe HapyHIINJIOCH 6bI, HO y2K€ 3a CHET IIOABJICHUA CHUJIbL ApXI/IMe,Ha).

OHako, TaK KaK IMOBEPXHOCTHAA SIPKOCTb BHYTPH IITHA CYIIECTBEHHO MEHBIIIE, 9TO O3Hada-
€T, YTO W TeMIlepaTypa BEIecTBa BHYTPH IsITHA TaKxKe MeHbIe. [Ipu onHaKoBOI IJIOTHOCTH
BEIECTBA 9TO O3HAYAET, UTO T'a30BOE JIABJIEHNE BHYTPHU MHATHA MEHBIE, YeM CHAPYKU, ITOITO-
My JIjIs ODecIieYeHns MEXaHMYeCKOTI'0 PaBHOBECUsT HEOOXOIMMO JI06ABOYHOE JIaB/IEHIE U3HYTPH,
KOTOpPOE U obecreanBaeTcss MarHnTHBIM ojieM. Cre1oBaTeIbHO, Mbl MOXKEM HAWTH MATHUTHOE
JIaBJIEHNE P, BHIYUCINB PA3HOCTH BHEITHETO P, U BHYTPEHHETO P; Ta30BBIX JIABJIEHUIA.

BOCHO.HEBOB&BH_H/ICB ypaBHeHI/IeM COCTOAHUA I/I;[‘eaﬂbHOFO Fasa, HOJIqu/IM, qTo
R
D=DPe—Di= ;p(Te - T)),

e R — yHuBepcajibHasg ra30Bas IOCTOAHHAs, [, — MOJIsIpHasg Macca BerecTBa (hoTocdepbl
(KOTOPYIO MOKHO MPUHATH PABHOM 1 I'/MOJIb, MOCKOJIBKY OHO B OCHOBHOM COCTOUT U3 aToMap-
HOTO BOJIOPOJIA), p — IIOTHOCTEL dbortocdepsr, T, u T; — TeMuepaTypbl CHADYXKH U BHYTPU
narna. Temueparypa T, usBectHa u coctapiger okoso 6-10% K, a remneparypy 7T} oneHum, uc-
XOJId U3 JIAHHBIX O COOTHOIIEHUAX MOBEPXHOCTHBIX sdApKocTeil. Tak Kak OHM ITPONOPITMOHAJHHBI
geTBepToil crenenu Temmneparypsl, To 1, /T; = Vv/5 ~ 1.5. Ilosromy

R R
p=—pl.(1=-T;/T,) = —pT./3.
. ( /Te) . /

[ToncraBisist duc/ieHHbIE 3HAYCHUS, MMOJyYaeM, YTO MAUCHUTHOE JIABJICHUE B IIATHE COCTABJIS-
et oxosio 1.6 - 10® Ila, a oTcioga WHIYKIMS MArHUTHOTO IOJIS HOJTyYaeTCs PABHOM HPUMEPHO
0.06 Tu.
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