CyMcbKH 0071aCHUN IHCTUTYT MICISIUIUIOMHOT MeAaroriyHoi OCBITH
2024-2025 HaByanbHUM piK
Bignogiai qo 3aBnans 111 etanmy BeeykpaiHehbKoi yUHIBCHKOT OJTIMITIAIN 3 aCTPOHOMIT
11 xnac

Ilpaxmuunuit myp

Cmyru Ha 300pakenHsax lOmitepa po3TamioBaHi TakMM YHUHOM, IO MOKa3yIOTh
poO3TallyBaHHs IUIOIIMHMA MOro ekBaTopa B3IOBX HOpoMeHs 30py. Lle mo3Boiisie
BU3HaunTH mupoty Yll.

Jiis 300paskenns 2 a=b, romy mepumian BUII y npoexiiii € mpsiMoro.
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Puc. 1. BuznaueHHs mupotu Puc. 2. BuzHaueHHs KyTa
UII. Ctpinkoro mokazaHo smimenns BUII. [Tepetun
IIPOMIHB 30pYy IOmitepy Ha mupoti BUII

a) Busnauenns mupotu BUIL. Paaiyc 300paxenns FOmitepa: R= Y4(c+d)= 14,5
MM.
3 tpukytHuka OPUYII Buznauaemo kyT Ull, saxuii nopiBHioe mmpoti YIT
TobTo:

g=arcsin((R—d)/R)= 22.3"=~22"

0) Busnauenns nepiony oobepranus BUIL.
Mu 6aunmo nonoxxenus BUII Ha BuaMoMy TUCKY y TIPOEKIIiT KyJIl Ha KApTUHHY
iomuHy. [[ns Bu3HaueHnHs kyrta, Ha skuit BUII 3micTunacs 3a yac cocrepexeHb
noTpiOHO po3rsiHyTH niepeTuH FOmitepy Ha mupoti BUIL.

Paniyc nepetuny Bianosigae mupoti BUII Ta gopiBHIOE:
R,= Ya(a1t61)= Va(astes) =14 mm.
Jns 1 kanpy kyroBa Binctanb BUII Bij nieHTpy 300paskeHHS:

6,=arcsin((R,—a,)/R,)= 21°
Bs=arcsin((R,—bs)/R,)= 40°

3a 112.5 xBunua BUII 3mictunacs Ha 61° . IToBHMIT 00epT BoHa poOHTH 3a:
11 rogun. Bigomo, mo BYII IOniTepa pyxaeTscs MOBUIBHIIIE, HIXK OTOUYIOUHH MIap
razy, TOMy Tepiog ii oOepTaHHS HE BKJIQJAEThCS B CTAHIAPTHUN 3aKOH
TuepeHLIHHOTO 00epTaHHs TUIaHETH.

Teopemuunuit myp

1. 3rignHo 3 TpetiMm 3akoHOM Kerepa



a=T3*3=~152a.0.
OckiIbKM MakCHMaJlbHA BijicTaHb Mapca Bijg COHIIS cKiTaiae a, To
MaKCHUMaJlbHa BIJICTaHb 10 31p Oy/ie CKIajaTu:

r[HK] — ala.O.l

n

~15nK

2. Ilpu mamiHHI MeTeopuUTa Ha TMOBEpPXHIO Micsls MBUAKICTh TLJIa Maike
MUTTEBO CHAJa€ BiJl SKOTOCh 3HAYEHHS Vo JO HYJS, OTKE Mail’ke MUTTEBO
3MEHIIYEThCS W KiHETHYHA eHepris Tijna. Ll eHepris ije Ha HarpiBaHHSA Ta
pyWHYBaHHS TIOBepXHI Micsis, HarpiBaHHsS Ta pyWHYBaHHS CaMOIo TiJa,
NePEeXOAUTh B KIHETUUHY €HEPrilo YJIaMKiB, [0 PO3JTITAIOTHCS.

SIKIo MBUAKICTh MAJIHHS HEBEJIHMKA, TO YTBOPIOETHCS HEBEIMKUN KpaTep (i3
po3MipoM, OJM3BKUM JI0 po3Mipy Mereoputa). Taki KpaTepu Ha3UBAIOThCS
ynapuumu. Popma Kparepa 3aJeKHUTh Bif KyTa majiHHs. [Ipu BepTUKaIbHOMY
najaiHHl gopma Kparepa Haraaye ¢opmy Tuta. [Ipym Benukux KyTax MaJiHHS Ha
MOBEPXHI MOXE YTBOPUTHCS KaHaBKa. KiHeTH4Ha eHeprisi MeTeopuTa JOCTaTHS
mumie i mporo. OmnucaHe SBUINE MOKHA BiITBOPUTH, KHJIAIOYHM KaMiHEIb Ha
IMICOK IT1JT PI3HUMH KYTaMH.

OpHak, MBUAKOCTI MaJiHHS METCOPUTIB Ha MOBEPXHIO Micslsl TyXKe BEIHKI.
Cepennst wBUAKICTH cTaHOBUTH O11s1 20 km/c. IIpouecu pyitHyBaHHS i HArpiBaHHS
B OKOJI pO3MIpy Tila HEOOCTAaTHI JiJIi BUYEPITyBaHHS KIHETUYHOI eHeprii. Y
TakoMy pa3si, Bi0yBaeThcsi BHOyX. BuOyxoBa XBuis pylHYy€e TUIO W TOBEPXHIO
Micsiisi, yTBoproroun BUOyxoBuit kparep. Po3mipu BuOyxoBux kpatepiB Ha Micsiri
B 10-20 pa3ziB mepeBUINYIOTh PO3MIPH METEOPUTIB, IO iX YTBOPIOIOTH. BuOyx
BiIOYBAaETHCS B MOMEHT 3yNHUHKA METEOpUTa HAa HEBENUKiM THMOWHI Tij
noBepxHero Micsia. OcKiIbKY yaapHa XBWIS #Jle PIBHOMIPHO Y BCl CTOPOHH, TO
YTBOPIOETHCS KpaTep, hopma sIKoro OJIM3bKa 10 KoJia.

3BUYailHO, yAapHa XBWUJIS K€ 1 B IMIMOMHY. AJie, Yy TOMY HampsMKy OMip
pPEYOBHHM Habarato OUIBIINKA, HIK B TOBEPXHEBUX Mapax. Tomy, IIMpUHA KpaTepa
B K1JIbKa pa3iB MEPEBULLYE HOTO TIIUOUHY.

Kpim Toro, BapTo mam’siTatv 1 nMpo 1HIIMK MOXIMBUN cueHapii. [lpu maninHi
Mereoputa Ha Micsllb BHACHIJOK BEIMKOI IIBHIKOCTI KIHETUYHA EHEPTis
METEOPHTa IOCTATHS A posirpiBy i posmmaBy B 103-10* Gimbmoi macu (Tomy i
pO3Mip Kparepa B JIECATKH pa3iB OUIBIN po3Mipy MeTeopuTa). MeTeopuT pi3ko
TaIBMY€EThCS TIPU 31TKHEHHI 3 MOBEPXHEI0, MEePealoun MOBEPXHI KOHTAKTY CBOIO
eHepriro Ta iMmynbc. Beepenuny Micsisl pyxaeTbes CUiIbHA yAapHa XBUWIIS, 3@
dbpoHTOM  sfKOi  MICSYHMI  MaTepiall  pO3ITPIBAETBCA  JO  PO3ILIABY
(Ta, 4acTKOBO, BUMapoByBaHHs). Po3miaBieHa mopojaa Mae BIACTUBOCTI PIAMHU —
30Kpema, mpaitoe 3akoH Ilackans mpo 130TPOMHICTH THUCKY — 1€ OCHOBHUU
apTyMEHT, YOMY PO3ILIaB 3aiiMae mpubInu3HO chepruyHUil 00'eM, CyTTEBOTO BUKUIY
pO3IUIaBy BiJl OBEPXHI MICSISI HEMAE, 00 po3IUiaB 3a GpOHTOM Y X Ma€e CyTTEBY
NpUOJM3HO pajiaibHy MBUAKICTE B Timl Micsaug. Ilo mipi 3aryxanHa YX



BcepennHi Micslis TIaBJIeHHs NMPUITMHAETHCA. ajle Ie Aeskuil yac YX pyHHye
CTPYKTYPY MICSIUHOT KOPH.

OpnHouacHO, Ha MI3HIX CTAAISX PO3IUIAB CXJIIOMYETHCS JO IEHTPY Ta YTBOPIOE
IEHTPaIBHIUI TOPOUK — SK Ha BOJII BUKUAAIOTHCS KAIEIbKH TTICIIS TIaiHHSI KaMEHS.

3. Ilepma 1 apyra 30pi DpOMIUIM MEpHUIIaH OJHOYACHO (OCKIJIBKH Yac
3aTPUMKH M1 CXOJIOM Ta 3aX0JIOM OJIHAKOBUHM — MO 3 TOJIMHU), 3HAYUTB, 111 30pi
MarOTh MPUOIM3HO OJTHAKOBI MPSIMI1 T1THECCHHS.

Ockisibku 30pst 1 3aifma B Todlll 3aX0y, TO BOHA HA HEOECHOMY €KBaTopi, 1
mae cxuieHHs 0. ToO6to BoHa Oyna Ham TOpH30HTOM 12 roawH (SKIIO HE
BpaxoByBaTH pedpaxiiito). 3Ha4UTh, 30ps 2 Oylia HaJ TOPU30OHTOM 6 TOAMH, 3T1THO
YMOB 3a/iaul: TpU TOAMHHU B1J CXOAY /10 BEPXHBOI KyJbMIHALII Ta TPU TOJIMHU
HiCIsl BEPXHBOI KYJbMIHALIT 10 MOMEHTY 3aXOYy.

Bapianm 1
3rimHo 3 (opmynior 3B’S3Ky TOAMHHOTO KyTa, CXWJICHHS Ta IIMPOTH Ha
MOMEHT 3axofy: COst =1g d tge. YV Hac roaMHHUIN KyT Ha MOMCHT 3aXxoay
t = 3rogq = 45° .
d=arctg iStz arctg Cos45 = arctgiz 35°
tgo tg45° J2

OcCKUIbKY 30ps 2 3HAXOAUTHCS HIDKUE €KBATOpa, CXWICHHS Bil’€eMHe: 0=-35°.

Bapianm 2
PosrasiueMo Mane koo, 1o sikomy «pyxaerbesi» 30ps 2. [Ipoekitis nporo komia
Ha TUIOIIMHY HEOECHOTo MepHiaHy HaBeleHa Ha pucyHKy 3iiBa (mpsma AC). A

caM¢€ MaJIC KOJIO CIIpaBa.
Ze

Ma

YactuHa manoro kona (o sIKOMy BHACHIIOK OOepTaHHS 3eMil pyXaeThes
CBITWJIO), sika Buauma Haja ropuzoHToM — KCL, noexwuHa miei ayru ckiamae 90°
(ockinmbku 30psi 2 Haj ropu3oHToM 6 roauwH). Tomy kytr KAL mpsmuii. 3Bijcu,



MO’KHA JIETKO OTPMMATH CITIBBIIHOMIEHHsT MiX Bimpiskamu AB:AC=1: v 2
3 niBoro pucyHka kyT cxusieHHss QOC=0CA, 1 MOHa 3HAUTH CXUJICHHS:

3 inmoi croporu kyT AOB — 11e mmpoTa MiCIIeBOCTI, TOMY 3 IPSMOKYTHOTO
TpUKyTHUKA BpaxoByroun OAB, BpaxoBytoun, mo ¢p=45°: OA=AB, Tomy mmpora:

. 5_AB_ 1
9°=ac~ 2
3BiaKu O =—arctg . —35°
- \/EN

4. Kytu 3mimennas CoHIls mo HeOy BIAHOCHO 31p Taki X, SK 1 KyTH 3MIIIEHHS
3emuti mo opOiti. 3a apyruM 3akoHoM Kerepa, mioiii, omucaHi pajiyc-BEKTOpPOM
3emuti 3a ofgHaKoBUi Yac (3a m00y) B mepurednii 1 B adenii ogHakoBi. OCKUIBKY 111
KyTH Malll, IUJIONIl MOYXHA HaOJMKEHO MPEACTaBUTH y BUIIIAL PiBHOOEIPEHUX
TPUKYTHHKIB.
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Ha pucynky C — Conne, 3 — 3emust, Toai C3 — nepureniiina abo adeniitHa
Bificradb. Kyt npu BepummHi C (LACB=0) — xyT 3MmimeHHss 3emu no opoOiti. 3
piBHOOenpeHoro A ACB 3HaxoauMmo:

AB =2A3=2-63-tgg2.

[Tnoma Tpuxkytauka ABC
—1AB-(C3=(C3%2.¢g2
S . tg 5.
Toni nyis mepureniro MaeMo:
— 4
S, =q°tg g
1151 aderiro
— %2
s, = Q% tg g
[TpupiBHIOIOYH 111 TIIOIIII, 3HAXOUMO:
2 Y4 _ N2 %2
q*-tg— =Q*-tg—.
2 2
Bupaszumo nepureniiiHy 1 adeniiiHy BiACTaHI 4yepe3 BEJIMKY MIBBICH OpOITH 1
eKCIICHTPUCHUTET:



q =a(l—e),
Q=a(l+e).
Toni, BpaxoBYIO4H, 1110 SISl MAJTUX KyTiB TAHT€HC MPUOJIU3HO PIBHUHN KYTY (Y

pamiaHax), 0JIepKHMO:
a’(1 — e)? = a(1 + e)? -2
2 2

(1-e)? _ «

(1+e)?  af
l-e_ @
1+e (xl

BigHomeHHs KyTiB OJTHAKOBE 110 B pajiaHax, 0 B TPaIyCHIi Mipi, TOII
e = ~ 0,967,
1+e 61’
1—e=0967(1+¢e) =0,967 + 0,967¢,
1—-0,967 =e + 0,967¢,

0,033 = 1,967e,

0,033
-~ 0017
€= 1967~ OV

S
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5.

IBUAKICTH 30p1 MOKHA PO3KJIACTH Ha JIBl CKJIAJIOBI: B3I0BXK MpOMEHs 30py Vi
(mpoMeHeBa MIBUAKICTB) 1 MepeHIuKyYIsipHy oMy V. Ilepina 3 HuX 3a1aHa B yMOBI:
V,=—26 xM/c (3HaKk "-" BKa3ye, 10 BOHA HaMNpaBJIeHA 0 HAC). [[pyra ckiamoBa MOxke

OyTv BU3HAYCHA 32 BJIACHUM PYXOM 30pIi.
3a piyHMM MapajakcoM (BUPAKEHUM y KyTOBHX CEKYHJaX) MOKHA BU3HAYUTH

BIJICTaHb 0 30pi:

r= i— 1 ~ 5,05nc .
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[TepemiteHHs 30pi 3a piK y IPOCTOPi




S=upr,
Ie KyT U y pamiaHaXx. OCKUIBKM B yMOBI KyT 3aJlaHMH B KYTOBHUX CEKyHHaX,
OJICP>KUMO:

1)

_
206265
CKJIaIOBYy MIBHIKOCTI IMOMEpPEK MPOMEHS 30py BH3HAYMMO, YPaxXyBaBIIIH, IO
11e TIEPEeMIIIICHHS 30ps 3A1CHIOE 3a yac tr=1 pik:
V _ i M”r
t — 206265t -
[ 0

Bpaxoyroun, o 1 nc=206265 a.o., 01ep>KUMO:
0,658-5,05-206265-1,496-108x»  0,658-5,05-1,496 -10%xu
V= = ~158xm /¢
206265-3,156-107 ¢ 3,156-107¢

, K
(MOxHa Bifipasy ckopucratucs popmyioro: Vi =4 74— xu /¢ ).
T

[ToBHa MIBUAKICTH 30p1 HANpPaBJIE€Ha i KyTOM JI0 POMEHS 30py 1 MOXke OyTH
3HaiieHa 3a reopemotro [lidaropa:

V = V2 +V2 =|[(-26)* +15,8> ~30,4xn/ c.
MinimManbHa BiJanb, HA Ky HAOJIU3UTHCS 30ps, IOPIBHIOE JOBXKHUHI BIIpi3Ka
BC. OckinbKkd TpPUKYTHHK, MMOOYJOBaHMM Ha BEKTOpax UIBUAKOCTEH, MOAIOHMIA

TpukyTHUKY ABC (BoHM 00OMJBa NPSIMOKYTHI 3 OJHAKOBUM TOCTPUM KYTOM), 3
10110HOCTI TPUKYTHHUKIB OJEPKUMO:

B_C iy
r =BC _Veoac Ve 1% Bl e 5 05 ~ 2,6nc
mn Vv \Y 30,4;014/ c

AHAJIOTIYHO 3HAXOAUMO IUISAX, SIKUHA MPOXOIUTH 30psS A0 MaKCHMAaJIbHOIO
30nvxeHaa AB=L:

AB_V,
v v AC V'
L=AB="".AC= "' .r= 26rulc -5,05n¢ ~ 4,3nc.
Vv Vv 30,4xm [ ¢
Yac pyxy 10 36J1H>1<eH ;1
£7"4:3°3,086 1 2 :
t=_= ~4,37-10 c¢=1,4-10 poxie =140muc.poxie
vV 30,4xm/ ¢
3anuiiemMo BUpa3 Jjis 30PSHOT BETUYMHU Y 1[I MOMEHTH 4acy:
m=M —-5+5Igr,

Mmax = =M- 5+5|g Fmin s

ne M — abconroTHa 30psiHA BEJTMYMHA 30Pi.
Bignimatouu i piBHOCTI, OJIEP>KUMO:



m -m=5lgr —5Igr:5lgrml,

max min
r

~—0"55.

r.
m_ =M+5lg™ _ g gg 4 5lg 2O

r 5,05

6. BuxopucroBytoun dopMmynu mis ciTHOCTI L = 1004Mo~M) 13 agcomoTHOT
30psiHOi BenmmunHM M = m + 5 — 5lgr, BU3HAaYuMO BUIUMY 30pSHY BEIMYUHY
[Nanaktukn m = Mg — 5 — 2,5Igl + 5lgr, ne cBiTHICTH Mae OyTH 3ajJaHa B
ceitHocTax Comna (4x10%), Bimmane B mapcekax, csitaicts CoHuA Mg = 4,8™
OOGYuCICHHSM OJIEP)KUMO M = 2,6™.

KyroBuit posmip I'anaktuku npu croctepexeHHi 3 TymanHocTi AHapomenu
100000

3HANIEMO 3 GpopMyIH p = % 206265" = 7732'20600 206265 = 8196"" = 2,3°.

Takum uwmHOM, Oymck ['amakThku npH crHoctepexeHHl 3 TyMaHHOCTI
AHJIpoMeIH 3HAYHO MEPEBULLYE MPOHUKHY 3[1aTHICTh, & KYTOBUI PO3MIP — PO3AUIbHY
3/IaTHICTh OKa. JlocTymHa a1 HE030pOEHOr0 OKa, OJJHAK Yepe3 HU3bKY MOBEPXHEBY
SCKpaBICTh Kpaile 0yJio O CKOPUCTATUCh OIHOKJIEM.

Hama I'anaktuka Burnsinana 0 3 TymanHOCTI AHApOMEAH SIK MPOTSHKHUM, X0U
1 cmaOKuil (TyMaHHUI) 00’ €KT, JOCTYIHUMN IJIs1 CIIOCTEPEKEHHS HE030POEHUM OKOM.

Typ eizyanvHux cnocmepeicendb

max

1. VYHikanbHe 300pakKeHHS raJJaKTUKA AHJIPOME/aA;

Cysip's: Argpomena. Bincranb 10 3emiti: 320 MUTBHOHIB CBITIOBUX POKIB.

3. YcraHoBieHO, IO YOpHA Jipa, po3TamoBaHa Ha BijactaHi 230 MIiTbHOHIB
CBITJIOBUX DPOKIB BiJ 3emii, B 1eHTpi ramaktuku J0437+2456 1 npubnusHo B
TpU MUIBHOHM pa3iB Ouibiia 3a Hame CoHue, pyxaerbes 31 mBHAKICTIO 110
TUCAY MUJIb HAa TOAUHY.

4. Ilnanerapna tymanHicTb «Metenuka» y cy3ip'i Ckopmiona. 4000 cBiTIIOBUX
POKIB PO3AUISIIOTH HAITY MJIAHETY 1 TYMAHHICTb.

5. Xwmapu 3opsiHOrO mwity. [Ipoxonsars maibke Ha 2 Tpaaycu MO MOJICKYJISPHIN
xmapi Ilepcest Ha Bigctani 850 CBITIIOBUX POKIB.

6. 300pa’keHHS YOPHOT JIpH.

7. 3o0paxenHns 3iTkHeHHs nBoX ramaktuk, NGC 6872 ta IC 4970.

8. Anapomena;

9. IlnanerapHa TymanHicTh Memy3a HST.

10. 3opsawmii mun y MonekymnspHiit xmapi [lepcest.
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