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YciioBue

Bamada 1. (20 6ansoB) B ganHoii 3aja4e paccMaTpuBaeTcst psjl 9(dEKTOB, CBA3AHHBIX € UCCTIe-
JIOBAHUEM COBMECTHOI'O JIBUKEHHUsI DOJIBIIIONO YUC/Ia 9acThll. Bo Bcex IMyHKTax 3a/[a9u yCKOPEHUe

CBOOOJIHOTO TIAJICHUsS CUUTATH U3BECTHBIM U PABHBIM ¢ = 9,873, CONPOTHBICHUEM BO3/1yXa MOZKHO
nperebpedb (MoXKeTe CINTATh, YTO ONUCHIBAEMBbIE HUKe COOBITHS IIPOMCXOJISIT Ha JIPYTOil IIaHeTe).
[ToBepXHOCTD 3eMJIH CJIeyeT CIUTATh II0CKOH. OfpaTuTe BHIMAHWE Ha YUCJIEHHBbIE PACIeTHI (BCe
OHU OIEHUBAIOTCS ), JIOIYCKAETCsI TIPOBOJUTD IPOMEXKYTOUHbBIE BHIUUCJIEHUS U 32T€M UCIIOJIb30BATh
[IOJIyYCHHBIE YUCJICHHBIC JIaHHBIE.

CaepxmMoIabIii cHapsia Maccoit m = 600 Kr BBIIYIIEH U3 MYIMIKH ¢ HAYaJbHOW CKOPOCTBIO Uy =
6,2-102% o, yriioM o = 45° K ropusonTy. Yepes Bpems ty = 30 ¢ 11ocjie BeICTpesia OH pa3opBaJiCs Ha
OY€eHb OOJIBITIOE YUCJIO MEJTKUX OCKOJKOB. CKOPOCTH OCKOJTKOB OTHOCUTEILHO CHAPSIIA HAIIPABJICHBI
MpUMEPHO PAaBHOMEPHO BO BCE CTOPOHBI, & BEJIMIUHBI THX CKOPOCTEl JiexkaT B auamnasone oT () 10
MaKCUMaJIbHOTO 3HadYeHns u = 1,2 - 103%.

1.1 3a kakoe BpeMd 3ByK OT Pa3pbIBa JIOIICT 10 ApTHJIJIEPUCTOB, BRITYCTUBIHX cHaps1! CKOpocTh
3ByKa B BO3JYXe Uy, = 3,3 - 107,

1.2 Omnmurmmure hopMmy, pa3Mepsl U MOJIOXKeHne «0bj1aKa» OCKOJIKOB 1depe3 BpeMmsi 7 = 20 ¢ mociie
paspbIBa.

1.3 OrnennTe Maccy OCKOJKOB, KOTOPBIE elle Oy/IyT HAaXOJIUTCA B BO3/yxe depe3 Bpems 7o = 60 ¢
11ocJie pa3pbIBa.

1.4 ITokazxure, 4T0 Yepe3 JI00O0H IIPOMEXKYTOK BPEMEHH T TIOCJIe PA3PhIBa JBa OCKOJIKA, HAXO/ AN~
ecsi B BO3JLyXe, JIBUKYTCS JIPYT OTHOCUTEIBHO JIPYTa CO CKOPOCTBHIO ITPOITOPITUOHATBHOM PACCTOSTHUTO
MeKJIy HUMW, TPUIEM UX OTHOCHUTEIbHAs CKOPOCTH Vi HAIPABJIEHA BJIOJIb [IPSIMOH, COEHHSIO-
1Ieit 9TH OCKOJIKH, T.e Vouy = af, (rpe 7 - BEKTOD COeMUMHSIIONINI JaHHbIE OCKOJIKH). deMy paBHa
Besinunna Kodddurmenta a B 31oit popmye?

1.5 CortacHO KocMOJIOTHYecKoil rumore3e «Boibioro B3pbiBay, Korma-To Bes Bceenennasi Oblita
cxkata B Touky. Ilociie «Bosbiioro B3pbhiBa» OHa Havdasa pacCHIUPATHCH, HPUYEM 3TO pPacCIIdpe-
HIE MPOJIOJIZKAETCSI JI0 HACTOSIIIEro BpeMeHH. ACTPOHOMHUYECKNe HaOJIIOIeHNsT CBUIETE/IHCTBYIOT,
YTO BCE TAJAaKTUKH YIAJIAIOTCSI OT HAc, IPUYEM CKOPOCTb yOeraHusl rajakTUK BO3pPacTaeT IPo-
HMOPIMOHAJBHO PACCTOSHUIO 0 UX. JKCIIEPUMEHTAJIbHBIN 3aKOoH Xab0ja TOBOPHUT, UTO CKOPOCTH
«yberarusi» V' IpsiMO TIPOTIIOPIMOHAIBHA PACCTOSHUIO JI0 TAJaKTUKNA R

V = HR,

rie H - mocrosinHasi BeJIMIMHA, Has3blBaeMasi IocTossHHoi Xabbira. Eciu ckopocTh «yberanusi» ra-
JAKTUKA V' U3MepsITh B =, a paccTostiue [ B CBETOBBIX TOjIaX (KaK 9TO IPUHSITO B ACTPOHOMUM ), TO

nocrosiiias Xab0/1a OIeHNBACTCS BEJIMINHON, Jiexkarteii B quanasone H = (15+30) - 10_6ﬁ.

Cunrast, 9To nocrossHHas Xab0/1a He M3MeHslIach ¢ TeUeHneM BPeMeHH, OIleHIuTe Bo3pacT BceereH-

o

HOMH.

CBeToBOI TOJI - pacCTOAHIE, KOTOPOE MPOXOUT cBeT 3a roja. CkopocTh cBera ¢ = 3,0 - 108%.
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Pemenune

3amaua 9.1.

1.1 3ammuirem 3aKoH ABU2KEHNA CHapdla B CUCTEME OTCHYETa, OCb X KOTOpOfI I'OpHU30HTaJIbHA, & OCb

Y BepruKa/bHA, HAYAJIO0 OTCUYETa COBIAIAET C TOYKOW BBLIETA

T = vpt cos

. gt? (1)
Y = yptSin o — >

Boranciamm mipexkiie Bcero Bpems nosieta cHapsgiaa 1. Ilomaras y = 0, 3 BTOporo ypaBHEHUs CH-
CTEMBI HAXOJ M

T_ 2ypsina 26,2~ 10? - sin 45°
g 9,8

~895¢ (2)

Nrak, Bo BpeMsi pa3pbiBa CHapsiJ OyJeT HaXoJuTbcs B Bosiayxe. [losroMmy paccrostHue ;10 HEro u
BpeMsl pacrpocTpanenus 38yKa At MOXKHO BBIYUC/IUTH C IOMOIIbIO 3aKOHa JBrzKeHus (1)

£2\°
)? + ( votosin o — 9%

\/ﬁ \/(voto cos o 5
At=YETY ~ 48c. (3)
Vss

Usp

Mo2KHO T10/ICYUTATH BBICOTY U PACCTOSHUE, HA KOTOPOW MPOU30IIE Pa3PhiB

2
. q . .
Yo = Vplp sina — 70 ~874-10°M; xo=wvptpcosa ~ 13,2-10°m
U Jlajiee UCIOJIb30BaTh 3TU 3HAYCHUA.

1.2 CKOpOCTI) Ka2KJI0I'o0 OCKOJIKa MO2KHO IIPEACTaBUTL KaK CyMMY CKOPO-
CTHU CHapsdda U B MOMEHT pa3pbiBa U CKOPOCTU OCKOJIK&a OTHOCHUTEJILHO

=)

cHapsa u. Hanpasiienust STux cKopocTeil yJ00HO ONpeJIesIATh 10 yIjIaM
OTKJIOHEHUs OT TOPU30HTA.

)
=

BarnmriemM KoOpAuHaThI (B TOM yKe CHCTeMe) OCKOJIKA Yepe3 BpeMsl T [OCJIe ¥
pas3pbiBa

T =m0+ (vy +ucosy) T
: gr?
Yy =1yo+ (vy +usiny) 1 — 5
TI0/ICTABHUB 3HAYCHNS KOODJWHAT ¥ KOMIIOHEHT CKODOCTH CHApS/a B MOMEHT Da3pbIBa, MOJTYUHM

3aKOH JIBU>KCHMA
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x = vgtgcos a + (vg cosa + ucosy) T
2 2

3 T
Yy = volpsina — % + (vosina — gto + usiny) 7 — 97
KOTODPBIl MOYKHO IIPUBECTU K BUJLY
r =wgcosa(ty+ 7) + ur cosy
g (to + T)2 (4)

y=uvgsina (to+7) — + uT siny

2

Ot YpaBHEHUA AOITYCKAIOT IIPOCTYIO UHTEPIIPETATUIO: IBU2KEHNE OCKOJIKOB MO2KHO IIPEJICTaBUThL KaK CyMMY (

Taxum obpa3om, 00JIAKO OCKOJIKOB B JIIOOOW MOMEHT BPEMEHU OyJIeT IPEJCTaB/IATh co0O0i Imap,
IEHTP KOTOPOrO HAaXOJUTCs Ha napabosie, omuchiBaeMoii cucremoii (1), a pajnyc onpemessiThest
CKOPOCTBIO CaMbIX OBICTPBIX OCKOJIKOB R = uT.

Yepes Bpemsi 71 110C/I€ pa3pbiBa KOOPJIUHATHI IEHTPa «0bjaKay OyIyT paBHbI

x =1vgcosa(ty+ 1) ~ 22 KM

2 5
MQQ,SKM ©)

y =vosina(ty + 1) —
Pamuyc obmaka R = ur ~ 24 kM. Takum obpasoMm, 910 00JIaKO IaCTUIHO OYJIET <«IIOIJIOIIEHO»
ITOBEPXHOCTBIO 3€MJIN.

1.3 Bpewms (tg + 72) = 90 ¢ IpuUMepHO COOTBETCTBYET BPEMEHHU JIBUXKEHUs HEPA30PBABIIEroCs CHa-
psiZia, IMOTOMY B 3TOT MOMEHT IEHTP obJjaka KOocHeTcs moBepxHocTu 3emin. ClieioBaTesibHO, B

m
IIoJiere 6y,ZL€T HaXOJUTCA IIPUMEPHO IIOJIOBMHA OCKOJIKOB, X MacCa MmMj; ~ E = 300 xr.

1.4 Jlnsg ompenesieHusl OTHOCUTEIHHBIX CKOPOCTEM
OCKOJIKOB yJIOOHO MTepeifiTh B CUCTEMY OTCUETA, CBS-
3aHHYIO ¢ IeHTpoM obsiaka O. (dra cucrema oOT-
cdeTa, KOHEYHO, HENHEpIMaJIbHasd, HO TaK HaC WH-
TEPECYIOT TOJLKO KHUHEMaTUYECKUe IIPOBJIEMBI, TO
HEMHEPINAJIbHOCTh CHCTEMbI HUKAKON POJIM He WI-
paer). B aroii cucreme orcuera CKOpPOCTH OCKOJI-
KOB IIOCTOAdHHBI M HallIpaBJIEHBI pPaJuaJIbHO. EC.HI/I
32 BPEMA T OCKOIIOK IPOJIETeN PAacCTOAHME T, TO

€ro CKOPOCTb PaBHA U = —. YUYUTBIBasg HAITPaBJIC-
T
HIEe CKOPOCTH, 9TO COOTHOIIIEHNE MOXKHO 3allicaTb

L, T
B BekTOpHON hopme 4 = —. Toryma orHOCUTEIbHAST CKOPOCTH OJJHOIO OCKOJIKA ([IEPBOr0) OTHOCH-
T

TEJIbHO BTOPOT'O paBHA PAa3HOCTH UX CKOPOCTE

5 - - 5 5 T
Uors = Ul — U2 = _(Tl - TQ) = ﬁ7 (6>

9TO U TpebOoBaJIOCh JoKa3aTh. Kak cieyer u3 mannoit popmysibl, TpedbyeMblii KO3 PUITHEHT TTPO-
HMOPIMOHAJILHOCTH PaBeH
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a=—. (7)
T

1.5 Bakon Xab6Ja cOBIAIAET C MOy I€HHBIM 3aKOHOM pasJiera 0CKOJIKOB (6), HOITOMY OCTOSTHHAS
Xabbsa ecTb BeJIM4nHA OOPATHO IIPOIIOPINOHAJIBHAA BPEMEHH CyIIeCTBOBaHUA BeesaeHHOM. [Toaro-

My BpeMs KU3HU BcesleHHON MOXKHO OIEHWTD,

KaK BeJIMINHY OOpPATHYIO 9TOM mocTossHHoi 1’ ~ % JL1s 9ucIeHHbIX PACYETOB MMOCTOAHHYIO Xab01a

HeoOxouMo tepesect B cucremy CU. Boraucesmm jyimnay ¢BeToBOro rojia (J0cTaTovHast TOYHOCTh
- TOPSIIOK BEJINIHUHEI)

1 e, rox ~ 3,0 1082 . 365 - 24 - 3600c ~ 9,5 - 1015 m ~ 106 u
&
Torma
KM 103 m

— = (15+30)- 10— =~
c- (cB. ron) ( ) c-10% m

H=(15+30)-107°

~ (15 +30)-10""9¢!

OrneHka MakCHMAaJILHOTO BpEMEHH YKU3HU BcesleHHOI nMeer BT

1 1 7.10'7
~7-10cng ——MM ~ 2.10%°
“™~ 365243600 7" et

~

o7 1510 91

Bropas rpanuna B jaBa pasa meHbIe. TakuMm oOpa3oM, BpeMs >KU3HU BceseHHo#l oneHnBaeTcs: B
10-20 MuLmap/ioB Jer.

Cxema olleHUBaHUAI.

Tysxr | O Bauubt | punesianist

1.1 Pactier BpeMeini PaclpocTpaneHus 3ByKa - 3K JBIZKCII CHADAIA - PABHOMCDIOCTI, PACIPOCTDANICHITA 3By KA - THCICHIbI pacieT 5 212

12 Popma «obIaKay - 3aKON BILKCHIS OCKOIKOB - PASIOKeHIC ABIZKCHI 1A COCTABISIONNIC - OBAKO - WIAp - ‘HC/ICHGLI PACIeT KoOpIHAT IeHTpA i pailyCa. 5 1211

1.3 Macca 0CKOJIKOB B BO3JyXe 1

14 OTHoCHTEIIb AR CKOPOCTE - HCHIONL30BANIC CHCTCND OTCHETa - CKODOCTh b pa 710 1eTpa - Bhipa U1 OTHOCHTCILIION CROPOCTI - IPARIIBIOE SHateliie KoypimieTa npolopiuoabiocTn | 4 T211

15 Bpenist skusin BCe/ICHHOT - HCHOML30BAMIC AHAIONII ¢ PAICTOM 0CKOKOE - BpeNs KIS HIL OGPATHO HOCTOAMHOM XaB0/1a - TICICHIbL pacier 5 122
WTOTO 20
3a 1CBEpHOC G0 SHANANIX WIdD 2
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