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aCTpoHOMMNYECKasAd OJIMMIINaJda 5
TEOpEeTUYeCKUil Typ, pelleHus dbespasis
11 xnacc

1.

Pa6orasimii B Poccnn ascrpuiickuit actponom V1. ¢bon JINTTPoB mpeyiaral st CBe31 ¢ Map-
cuaHamu BbIKoraTh B Caxape KaHaJIbl, 3aIl0JHUTh UX CMECHIO BOJBI C KEDOCUHOM U IO/KETb.
HomyctuMm, Takum 0b6pa3oM «Hammcanbl» OYKBbI pazmepom H00 kM Kaxkjad. OneHuTe MUHU-
MaJIbHO HEOOXO/MMBIH JuaMeTp OObEeKTHBa TeJIeCKOIa, YIJIOBOe pa3pelleHne KOTOPOro J0CTa-
TOYHO JIJIsI TOT'O, 9TOOBI IpoUnTaTh Takoit TekcT ¢ Mapca.

Penienne:

Kak wmsBectHo, 60sbImas moayock opoutbl Mapca coctapisier okosio 1.5 a.e. CooTBeTCTBEHHO,
MUHIMAJIbHOE paccTosiHue Mexk ity 3emeit 1 Mapcom cocrasut okosio 0.5 a.e. (eciu mpenedpedsb
SKCIeHTpUcuTeTOM O0pouThl Mapca), ojHako B 9TOT MOMeHT HabJiojaren ¢ Mapca 6yayT Bu-
Jerh 3emutio psiztiom ¢ CoJtHIIEM, 9TO sIBHO 3aTpYAHUT Habmrogenns. [losTomy it onenkn Oyaem
CYUTATh, YTO PACCTOSHKE, ¢ KOTOPOTro MapcuaHe Habiogaor 3emitio, paBHo r = 1 a.e. (win
1.5 10" m).

st Toro, 9TOOBI MPOYUTATH TEKCT, HEOOXOIMMO pa3jindaTh OyKBbI. Kak cejcTBue, TeIecKor
JIOJIZKEeH 00eCclednBaTh BO3MOXKHOCTD pa3peniaTh He OYKBBI MeJIMKOM, a dacTu Oyks. CooTBeT-
CTBYIOIILYO OIIEHKY MOKHO TIOJIy9UTh MHOIMMHU Criocobamul (HallpuMep, BCIIOMHUB pa3perieHne
KAKOTI0-/TN00 9KpaHa B MUKCEJISIX U MPUKUHYB KOJIMIECTBO YUTAEMBIX OyKB, KOTOPBIE TIPU ITOM
MOTYT HOMECTUTBCSI B OJJHON CTPOKE), JJIs OIPEJIETIEHHOCTH OyIeM CUNTaTh, UYTO YIJIOBOE pas-
pelleHne TeIecKora JOJKHO TTO3BOJINTh YBUJETD JIETAJIH, JTUHEHHBI pa3Mep KOTOPBIX paBeH
1/10 pasmepa 6ykBbI, T.€. [ = 50 KM.

Tora yryioBoit pasmep neraiu B pajmaHax paseH J = [/r 1 OH Ke mpuMepHO paseH [~ A/ D,
riae A — JIMHa BOJIHBI HaO/IoeHns (Jls ONTHYECKOro JUala3oHa 3To mpumMepHo 5 - 1077 M),
a D — uckoMmblii quamerp o0beKTuBa Teseckona. Orcoa

U, TI0JICTaBJIAS dncIa, nojaydaeM D = 1.5 M.

M.B.Kocmumna

[Ipeanonoxkum, aro B pedyibrare KatacTpodbl CosiHIle MITHOBEHHO CXKaJI0Ch HACTOJIBKO, 9TO
IIEPUOJ], er0 0OCEBOI0 BpallleHus cTaJl paBeH 3 cekyHaaMm. Onenure cpenion Temmeparypy CoiH-
1a cpasy rnocje karakan3ma. Cauraiite, ITO TEILIONOTEPU BO BPEMsI CXKATUs U B3aUMO,I€HICTBIE
¢ KaKUMH-JIKOO JIDYTUMU TEJIAMU OTCYTCTBOBAJIO.

Peurenne:
st magasa Haitmem HoBbIN pasguyc Comrna. [lo 3aKoHy coxpaHeHHsST MOMEHTa MMILY/IbCa IPO-

u3BeJenrue MOMeHTa MHePpIUn I na YIVIOBYIO CKOPOCTBb W IIOCTOAHHO, T.€.
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(3;[‘er n JaJiee BEJIMYMHBI C THICKCOM <<O>> OTHOCATCA K Ha‘{aJIbHOMy (T.e. peaHbHOMY) COCTO4-
a0 CoJTHIA, a BeJMYUHbI 03 WHJIEKCa — K TOMY, UTO HOJIyYUJIOCh B PE3YJIbTATE KATAKIN3MA).
Cuurast, 9TO B pacipe/ie/ieHus IJIOTHOCTH ¢ paguycoM B CoJIHIIE CYIIECTBEHHO HE U3MEHUJI-
csl, MOYKHO CYHTATh, YTO MOMEHT MHEPIUM IPOIOPIMOHAJIeH KBajpary pajmyca, I o< R2. To-
/1, MMOCKOJIBKY YIJIOBas CKOPOCTB BpAIeHHsT 0OPATHO MPOHOPIHOHAIBHA [IepUoLy, w X 1/P,
nostyaaeM, aro R o v/ P. Copemennsiii nepuos spamennst Cosaia Py — IPUMEPHO MeCHIL,
TUTe y106CTBa BOCTIONb3yeMcs onenkoit Py = 3 - 10° ¢. Torma B pesyabraTe KaTaKIn3Ma, PaIiyc
CoJtHIla JI0JI2KeH yMEeHBITNThLCA Ha TPH TOPsiJIKa | cOCTaBUThL 0KoJ1o 10% KM (peasibHoe 3HaUeHue
Ry =T7-10° km).

[Mockombky CouHIle IpH KaTak/n3Me He OOMEHUBAJIOCH SHEPIHUeil ¢ OKPYyzKaloleil cpefoil, cyM-
Ma MeXaHH4IecKoii u TerioBoii (U) sHepruit 1o/kHa O6blia coXpaHnTbesd. MexaHudeckast SHep-
I'Usl COCTOUT U3 KMHETUIECKOH sHeprun Bparienns W 1 rpaBUTAIIMOHHOI IOTEHIINAIBHOM SHEP-
run ®. OneHnIM COOTBETCTBYIOIIME BeJIMUUHbI, 3Hast, 4To Macca Conna My = 2-10%0 kr (31ech
U Jlajiee BCe BBIYHMCJICHUs MPoBoAATCs B equnuiiax CIT).

Haganbuasa I'paBUTallMOHHAadA IIOTEeHIUaJJIbHad SHEPrud

GMz? 71071 (2-10%0)?

Py ~ —
0 Ro 7108

=4-10*" JTx.

Haganpaasa kunermdeckast QHEPIr'usd BpallleHUAd

Towd  MRZ-472  2-10% . (T-10%)% - 40 »
Wy = ~20 - — 410 Jx.
0T P (3-10°)2 Hox

[TockoJibKy, HAIIpEMED, U3 TEOPEMbI BUPHAJIa, M3BECTHO, YTO CyMMa BHYTPEHHE! SHeprun u Ku-
HEeTU4YeCKOn 9QHEPI'MM BPallleHUd 110 ITOPAJAKY BEJIMIUHBI COBIIaJa€T C MOAYJIEM FpaBI/ITaHHOHHOﬁ
oTeHNua/IbHOM sueprun, 1o Uy ~ —®P(, a sueprueii Bpamenuss Wy MoKHO peHeOpedb.

[Tocsie cxkaTust TpaBUTAIMOHHAS TTOTEHIINAJIbHAST SHeprust (06paTHO MPOHOPIMOHATBHAS Da/Ii-
ycy) Bospacrer B 10° pas, T.e. ® = @ - 10°. TlockobKy KUHETHUECKas SHEPIUs BPAIICHUA
W o< R?/P? u, kak ye nosydeno Bbime, P oc R? nosyuaem, uro W oc R™2, T.e. KuHeTHde-
cKad sHeprus ppalenus BospacreT B 10° pas.

O,ILH&KO 1 II0CJIE KaTaKJ/IM3Ma KHHETHUYIECKad IHEPrud BpallleHUd OKaxKeTC:dA Ha JIBa IIOPAdIKa
MeHbIIe, 9eM I'paBUTallMOHHadAd IIOTEeHIUaJIbHad IHEPrud, OTKYy/da MOXKHO CAeJiaTb BBIBO, ITO
QHEPI'Us BpalllecHU A IMPAKTUYIECKU HE BJIMAECT Ha OLCHKY NUTOTr'OBOI BHyTpeHHeﬁ QHEPI'uu.

SaMeTnM TakKe, YTO W3MEHEHNe BHYTPEHHEH SHEPIUH P 9TOM JIOJIZKHO COBIIACTH C MOJLY/IEM
U3MEHEeHHUs TPABUTAIMOHHON MMOTEHITHAJILHO SHEPIUH, HO MMOCKOJIBKY HadasbHOe 3HadeHue P
Ha TPH MOpsIKa MeHbIne P, MOXKHO cKa3aTh, 910 U U ~ —®.

Ocrajioch oneHuTh cpegauion Temieparypy 1. Ilockoabky U = %%T, rje [ — MOoJIApHas

macca Bemecrsa Cosmnna (g ~ 1072 kr/mousb), R — yHuBepcasibHas ra3oBas IOCTOSIHHAS,
0JIy9aeM

4-10%-10%-1073
T ~ ~ 10" K.
2.1030.8

n./[. Maproszos

[Ipn 0b6paboTKe JAHHBIX O PETHCTPAIMM HEHTPUHO OT BCIIBIIIKK CBEPXHOBON B Bosbmom Ma-
rejutanoBoM obiiake (BMO) 23.02.1987 BO3HUKIIO TIPEJIITOIOKEHUE, UTO HEHTPUHO «OTIO3/[aJIH»
Ha 50 MHHYT OT OXKHMJAe€MOTO MOMEHTA M3-3a TOTrO, YTO CKOPOCTH JIBUKEHHs] HEHUTPUHO Oblia
9yTh MEHBIIE CKOPOCTHU cBeTa B BakyyMe. Orennre B paMKax 3TOr0 IPE/IITOIOKEHIA MACCy Hefl-
TPUHO, €CJI M3BECTHO, 9TO SHEPIUs KazK/IOTO U3 3apPErMCTPUPOBAHHBIX HEHTPHUHO COCTABJIATA
okosio 10712 JTxx. Paccrognue 10 BMO — 50 KiK.



Peurenne:
N3BecTHO, YTO TOJIHAST SHEPTUS YaCTUIIBI MACChI M, JBUKYIIEHCI cO CKOPOCTHIO U, paBHA

m62

N

r7le ¢ — CKOPOCTH cBeTa B BakyyMe. CjieioBaTe/IbHO, /s 0Ty YeHIsT OTBeTa He0OXOINMO HANTH
CKOPOCTD 0.

FE =

SaMeTI/IM, OJIHaKO, ITO HpHMOHHHeﬁHaﬂ IIOIIBITKa cAeJIaThb 9TO IIPUBE/JICT K Hey/Ta4de: OI€eBUIHO,
YTO ¥ TPAKTUIECKN COBIIQAET CO CKOPOCTHIO CBETA, W PACUET HEITOCPEICTBEHHO 10 MCXOHOM
dopmysie ¢ TpebyemMoil TOTHOCTBIO 63 KAJIbKYJIATOPa HEBO3MOXKEH.

[Ipeobpazyem Ko DUIMEHT B UCXOTHON (hOopMyIIe:
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Tenepb yureM, 9TO ecjid HeHTpUHO mpeonoiesn paccrogune or BMO 1o Hac 3a Bpems t, TO 3TO
paccrosiane pasHo ¢(t— At) = vt, rie At — Bpems, Ha KOTOpoe «0ro3/1ajm» HeidrpuHo. Orcroa

v t—At At
ot t’
[IO9TOMY
v At
1——=—.
c t
Taxum obpasom,
V2E [At
m = —
c? t

BMO naxoanrcs Ha paccrosiann 50 KIIK, 9TO COOTBETCTBYET puMepHO 160 ThIC. CBETOBBIX JIET.
Tak xax B Tojy puMepHo 3-107 cekyn, morydaem, uto t & 5-10'2 cexymm. At = 3 - 10® cexym,
IO3TOMY

14-1072 [3.103

_ _ —34
m = (3109 5102 4-10 KI.

OTMeTuM, 9YTO MPE/ITOIOKEHNE OKA3a/JI0Ch HEBEPHBIM: TOJIyYeHHAasT HAMU OI€HKa Ha TPU II0-
PAIIKa IPEBBIIIAECT COBPEMEHHYIO BEPXHIOIO OIIEHKY MacChl HEUTPUHO.

1. A. Tapaxanos

[Ipu Benbimke csepxnosoit SN1987A soiiesmnach sueprusg 1046 Ixk. OnennTe maccy 3Be3pl,
KOTOpPas M3JIYYUT CTOJILKO K€ SHEPIMH 3a BCIO CBOIO XKM3Hb Ha, CTa/uu [JIaBHOMN 1mocsie1oBa-
TEJILHOCTH.

Permnenue:

B 3Beznax [1aBHOIT moc/ie10BaTe/ILHOCTH TPOUCXOIUT CUHTES Te/Iis U3 BOJ0poIa. Keu mpeimo-
JIOXKUTD, 9TO B TeJIUil TIPEBPAIACTC B CPEIHEM IIPUMEPHO OJIHA U Ta, YKe JI0JIs MACChl HCXO/IHOM
3Be3Jibl (UTO OJIM3KO K JIEHCTBUTEILHOCTH), & TAK¥Ke UTO IPU CUHTe3e IeJiusd U3 BOJOPOJa B
SHEPTUIO TIEPEXOJIUT OIPeJIeJIeHHAasT JI0JISI MACChl «TOIUINBa» (YTO BEPHO € BECbMA BBICOKOI TOU-
HOCTBIO), TO 9TO O3HAYAET, YTO 3a BCE BPEMs YKU3HU Ha [JIaBHOI MOC/I€0BATEIBHOCTH 3BE3/1a
Macenl 9 BeipabaTbiBaeT o Mc? sneprum, re ¢ — CKOPOCTh CBETA, (v — HEKOTOPDII IOCTOAHHEIIT
JIJIs 3BE3]1, Pa3HBIX MacC KO DUITHEHT.

HOCKOHbe CBETUMOCTD 3B€3/1bl Ha CTaJINN FﬂaBHOﬁ II0CJICJOBATE/IbHOCT MEHAETCA JOCTATOY-
HO cnabo, To, sHasg ceerumocth Commna Lo = 4 - 10%° Br u ero maccy My = 2 - 1030 kr,



a TaKKe BpeMs ero KusHu To ~ 100 ger = 3 - 10'7 cexyns, MOXKHO ONpEIe/UTh BEJTMTHHY
Ko3d burmenTa o U3 COOTHOIIEHUST

L@ To = m®c2.

Torma mosiHast BEICBETUBINALACA 3Be310i1 Macchl I sHeprus

m
E:CtthQ :L®T®m_®7

OTKY/la JIETKO BbIpazKaeTCd MacCCa 3BE3/Ibl B MacCCax COJIHII&I

m E 10%6

= = ~ 80.
m@ L@ To 4 - 1026 -3 ].017

M.B.Kocmuna

«Tak crostim DubpBd u MenuaH, a Bpallaronuiics Ha  HUME 3BE3IHBIN HEOOCBOMI, OTCUNTHIBA
noarue roabl. U nepepbss Han DbMoTa cTajim BIE U TeMHee, Ipexk e deM Menmuman u DbBd
MTPOU3HECTIN XOTh OJHO CJOBOY.

[IpeanosioKuM, 9TO OHM CTOSJIU B IIEHTPE MOJITHBI JnaMeTpoM 30 M, CKOPOCTH POCTa JIEPEBHEB
Han Dabmora cocrasisia 0.5 M/Tof, a B MOMEHT BCTPEYH BBICOTA JIEPEBHEB HE IPEBbIIIATIA
15 M. Yepes kakoe BpeMmsi KOJIM4IECTBO cBeTa 3Be3j (Bpojge Obi Cosmne u Jlyna torma erre
He ObLIN CO3/IaHbl), JOCTUIAIONIEe MOJISTHBI, YMEHbIMUTCs BiBoe? MOXKHO cunTaTh, 9T0 3BE3bI
PaBHOMEPHO pacIipeiesieHbl 10 HebecHoit cdepe Apmb.

Penienne:

Heobxoaumo moHATH, Kak GyJeT MEHAThCs ILIONA/s BUAUMON dactu HebecHoit cdepsl. Ilmo-
ma b cepuiueckoro cermenta coctasiser 21 R%(1 — cos ), tne R — paguyc cdepsrt, § — yrou
MEeKJIy paJiyCc-BeKTopaMut ¢hepbl, IPOBEIEHHBIMI K TOYKE HA OCHOBAHWW CEIMEHTA U K Bep-
IIIHE cerMeHTa. B TaHHOM citydae yros 6 paBeH yIily MeK 1y HAIPABICHUEM U3 [EHTPA MOJIAHbI
Ha BEpIIMHBI JepeBbes U 3enut, tg6(t) = D /2H (t), rae pocr nepesbes H(t) = Ho + AH - t.

HYCTI) 90 — YTroJ1 MexKAy 'OPU30HTOM M HallpaBJIEHHUEM Ha BEPIINHLI J€PEBHEB B MOMEHT BCTPE-
9. OHpe,ﬂeJIHM, gepe3 KaKoe BpeM IJIOIIa/Jb CEIrMeHTa YMEHbIINUTCA BIABOC!:

21 R%(1 — cos )
2 R?(1 — cos 6(t))

=2,

1 —cosfy=2—2cosf(t),

1 0, 1 1
cos@(t):w:——l— ~ 0.85.
2 2 2\/14 D?/4H
D H - H,
Ht)= ——— =24m, t=-— 0 =18 er
"= 5500 M’ AH aer

A.B.Beceaosa
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