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I kpobr
Yuenuyu om 11-12 knac — pewenusn

1 3apgava. I'paBuTanMOHHM BBJHH. Moxxe Ou 3Haere, 4e €IHO OT HaW-BaKHUTE
OTKPUTHS Ha ChbBpEMEHHAaTa (pU3MKa € HaOII0AaTEIHOTO MOTBBPIK/IaBAaHE HA CHILECTBYBAHETO
Ha rpaBUTALMOHHM BBJIHM. TO € HampaBeHo Ha O6a3aTa Ha JaHHM, CbOpaHU OT oOcepBaTOpUATa
LIGO, npe3 mecen cenrempu 2015T.

e A) Onuiiere ¢ HAKOJIKO U3PEUEHUS KAaKBO IIPEICTABISABAT IPAaBUTALIMOHHUTE BBJIHH.
OT Koro ca TMpencKa3aHW TEOPETHUYHO W HPUOIM3UTENIHO KOJIKO BpeMe Ipeau
MNOTBBPKAABAHETO UM € CTaHaJIO TOBa?

e b) Onumere HakpaTko mpuHIMIa Ha paboTa Ha obcepBaTopusita LIGO u npyrure
rpaBUTAIMOHHU 00CepBaTOPUU. 3a1ll0 TO3H B 00cepBaTOpuM TPsiOBa Aa pabOTST 110 IBOUKHU?

Pemenue:

A) T'paBUTalMOHHKTE BBJIHM NPEICTABISABAT MEPUOJHMYHHM IMPOMEHH B KPHBHHATa Ha
[POCTPAaHCTBOTO W BPEMETO, KOUTO CE€ pa3lpOCTpaHsBaT B IPOCTpaHCcTBOTO. Te ca
[PEAU3BUKAaHU OT YCKOPUTEIHOTO JBHKEHHE HAa MACMBHU 00EKTH (HalpUMEpP TPaBUTAIIMOHHO
CBBP3aHM YEPHH JYIIKH WM HEYTPOHHHM 3Be3H). KakTo BCHYKM OCTAHAIM BUIOBE BBIIHH, TE
NPEHACST EHEPTHs , KATO CKOPOCTTA, C KOSATO CE JBHKAT, € paBHA HA CKOPOCTTa Ha CBETJIMHATA.
I'paBUTAIIMOHHHUTE BBJIHU CE€ XapakKTepH3HMpaT ¢ aMILIMTy/a (Oe3pasMepHa BEIMUYMHA, KOSTO
MOKa3Ba KakBa YacT OT pasMepa Ha o0eKkTa €  MakKcuMmaiHara jaedopMards, KOATO
NpeMHHABAIATa MPe3 HEro BhJIHA MPEAN3BUKBA) U yecToTa. CIMBAHUATA HA YEPHHU IYIIKU U
HEYTPOHHH 3BE3/IM TeHepHpaT I'PaBUTAIIMOHHH BBJIHU C TojsiMa yecToTa (OT Mopsabka Ha
10%Hz), Ho MHOTO Manka ammuTyAa (okomno 1022). Chio Taka, M3TOYHUK HA TAKHB BUJ BHIHH
C MO-ToJIIMa aMIUIATY/a, Ou TpsAOBaao aa ObJe PETMKTOBOTO JTbYEHHE, HO YEeCTOTa UM €
npekaneHo mManka (101° Hz).

To3u BUI BBJIHM ca OWIM HEIBYCMHUCICHO TpeackazaHu oT OOmiara Teopus Ha
OTHOCUTENTHOCTTa, MyOnukyBaHa oT Anbept AunmaiH npe3 1915r. Te mnpencraBisBar
pelieHusT Ha ypaBHEHHUsATa, KOWTO OINMUCBAT IOBEJECHHWETO Ha TPABUTAIIMOHHOTO TOJIE U
MpeACKa3BaT ChIIECTBYBAaHE HAa BBIHM Ha JAedopManusITa Ha MPOCTPAHCTBO-BPEMETO,
JIBIDKEITU C€ ChC CKOPOCTTA Ha cBeThuHata. [lpedu Auinwatin, u opyau yueHu ca nyonuxyeanu
HayuHu mpyoose, cnopeo KOUumo maxkuea blHu Cbecmayeam, Ho mexHume 00Ka3ameicmeda
He ca HanvIHO Mamemamudecku oO0CHOB8AHU. 3a npasuien omeo8op mpsabea oa ce npuema
camo 0adeHusm 8 OQPUYUATHOMO peuleHue.

ChIIECTBYBAHETO HA IPABUTALIMOHHU BBIIHU € MOTBBbPACHO npe3 2015-ta roguna, upe3
JaHHY TOJIYYeHH OT rpaBuTanmuoHHaTa oocepBatopus LIGO. OdunmanHo, pesyararure ot
TOBA U3CJIe/IBaHE ca IMyOJMKyBaHu mpe3 pepyapu 2016-Ta roguHa WM OKOJIO €MH BEK CIIS]T
TEOPETUIHOTO UM TPEJICKa3BaHE.

B) B rpaBuTanuoHHITE 06CEpBATOPHH HAMa Teneckond ().

Texuusr mnpuHIUMn Ha paboTa ce OCHOBaBa Ha YCTPOWCTBOTO HAapeyeHO
uHTephepomeTsp Ha Maiikencos. [IpuHiunHara My cxema e rnokaszaHa Ha (urypara.
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CHOIBT BYM, KOMTO JIa3epbT M3JIBYBA, JOCTHUra IMOIYNpO3payHaTa IUIACTUHKA IO
BI'BJ TOUHO 45°. EHa yacT oT Hero mpeMuHaBa Mpe3 MIacTUHKATa U IOCTUTA JSICHOTO Orjie/ial.
Jlpyra 4act OT IbY€BHsI CHOI C€ OTpa3siBa B HampaBlieHHE, CKItouBamio breia 90° cnpsamo
II'’bPBOHAYAJIHATA [TOCOKA U JIOCTHUTA JI0 OrJIeAaIOTo BisiBO. Orienanara ca IOCTaBEHU C MHOTO
BHCOKa CTCIICH HAa TOYHOCT U JBaTa JIb4a, KOUTO NaJaT BbPXY TAX, UMAT BI'bJI HA [TaJaHC TOYHO
paBen Ha (0°. BcrenctBue oT TOBa, T€ C€ OTpas3sBaT M C€ BPBIIAT MO OOpaTHUS BT KbM
noJiynpo3payHara miaactua. Ciel KaTto JBata jJbya OTHOBO JIOCTUTHAT A0 MOIYIpO3payHaTa
I1aCTuHA, 4aCTH OT TAX IOoIaJaT U B ACTCKTOPA Ha CBCTJIMHA (0Tpa3€HaTa OT OCCHUA JIbY U
npeMHUHaNaTa OT JieBus). JIeTeKTOphT perucrpupa KapTHUHATA, KOSTO CE MOojydaBa IpH
JByJTbU€BaTa MHTEp(dEpEeHIIUs] MEXy aBaTa cHoma. KoraTo 1suiata ycTaHOBKA C€ pa3TpenTH
(mo xakBaTo M Na OWJIO MpUYWHA) Ta3u UHTep(dEepeHYHa KapTHHA Ce MPOMEHS, 3aIl0TO CE
MPOMEHSAT Pa3CTOSHUSITA MEXKAY oOryienanaTta U JeTeKTopa. M3KIIYWTeNnHO MNpernu3HoTo
MOHTHpaHE Ha BCUYKU €JIEMEHTU OT MHTep(epoMeThpa MOo3BOJIABA J1a ObAAT pEerucTpUpaHu
TPEINTCHUA C MHOTO MaJIKa aMINUIMTyd, JOpPHU U TaKHMBa MPCAU3BUKAHN OT MPECMHUHABAHCTO Ha
IrPaBUTAIMOHHU BBJIHMU.

['paBuTarmoHHUTE 00CEPBATOPHH PAOOTAT MO ABOMKHU, 3al[OTO AETEKTOPHUTE, KOUTO TE
M3M0J3BaT, Ca M3KIIOYUTEIHO 4YyBCTBUTENHHU. [l0 Ta3u mpuymHa, T€ perucTpupar BCAKO
MEXaHUYHO CMYIICHHE, KaTo HampuMep KalaHe Ha caMoJIeT WM TNpeMHHABaHE Ha
TeXKOoTOBapeH aBToMoous. Ho, B ciydaif, ye 1Be o6cepBaTOpun perucTpupaT €IHO U ChIIO
CHOUTHE, C TOAXOAAIIOTO 3aKbCHEHHUE (OTYUTANKH, Y€ CKOPOCTTA HA TPAaBUTAIIMOHHUTE BBIHU
€ paBHa Ha Ta3W Ha CBETJIMHATA), BEPOSTHO TOBA € TPABUTAIIMOHHA BHJIHA, UABAIIA OT JAICUHUS
KOCMOC.

Kpumepuu 3a oyenssane (0owo 10 m.):

3a npasunno u uzuepnamenHo O0OACHEHUE 3a MOBA KAKBO NPEOCMABIABAM
epasumayuorHume 8biHu — 3m

3a npasunen omeosop Koea u om kK020 ca Ouu npeocKazanu — 2m

3a npasunno 0b6scHeHue OMHOCHO NPUHYUNA HA paboma Ha 2PASUMAYUOHHUME 6bIHU —

4m.
3a omeosop 3auo mpabea da pabomsam no 08otiku — Im.



2 3apavya. MKC. Heka na npuemem, ue MexayHapoanara kocmuuecka cranius (MKC)
ce IBMKHU 110 KphroBa OpOUTa OKOJI0 3eMsiTa, KaTo HeliHaTa BUCOUYMHA HaJl 3eMHATa TOBbPXHOCT
e 420 km.

e A) Hamepere opOoutanaus nepuon Ha MKC.

¢ b) Axo nakionsT Ha opburtata Ha MKC crnpsimo paBHMHAaTa Ha ekBartopa € 52°,
HamepeTe reorpadckaTa MHUpUHA HA Hail-ceBepHATa TOYKA OT 3€MHATa MOBBPXHOCT, OT KOSTO
CTaHIUATa MOKe J1a Obae HaOmronaBana. He otunraiiTe BAMSIHUETO Ha 3eMHAaTa aTMocdepa.

e B) Axo MKC ce nBuxeliie TO4YHO HaJl €KBATOPa, TO MPE3 KaKbB UHTEPBAJ OT BpeMe
T4 LIEIIE J1a IPEMUHAaBa HaJl €/IHa U ChIIla TOYKA OT 3eMHaTa NOBbPXHOCT? CTaHIUATA C€ ABUXKH
B [IOCOKATa, B KOSATO 3eMsTa ce BbPTHU OKOJIO OCTa CH.

Pemenne:

A) Hexka na o3naunm paauyca Ha 3emsta ¢ R =6 378 km, Bucounnara na MKC Han
3eMHaTa MOBBLPXHOCT ¢ h, @ Thpcenus nepuox ¢ P. Ako M = 6.10%* kg e macara Ha 3emsTa, TO
ceraacHo |11 3akon Ha Kenep:

(R+h)?® M
P2 4q?

CnenoBareiHo:

(R + h)3
Tl M
P =~ 92 min

P=2

Bb) O3nauaBame ¢ ¢ HakioHa Ha opboutara Ha MKC oTHOCHO ekBaropa Ha 3emsTa.
Hexka na pasriename rnosioXeHHETO Ha CTaHIUATA, KOraTo TS ce HAMHUpa B Hail-oTjajieyeHara
OT €KBaTOpUaIHAaTa paBHUHA TOYKA OT CBOsITa OpOUTA. B TO3M MOMEHT, TS ce HaMHpa TOYHO Ha
MaTeMaTHYECKHUsI XOPH30HT 3a HabroaaTen ¢ reorpad)cka MMUpHHA, KOSTO € C BI'BJI 3 O-ToJsIMa
OT €.

CeBepeH nontoc

D

MKC

R+h

O EkBaTtop

3emA

N3non3Baiiku yepTeka, MOKEM J1a 3aIUIIEM CIIETHOTO PABEHCTBO:
R

cos(B) = Rth

Otyk Hamupame, ge: B = 19.8°.
CrnenoBarenHo, MakcuManHata reorpadcka mmpuna, ot kosto MKC moxe ma ce
HaOmoaaBa, € pmax =€+ B = 71°.



B) Heka ¢ T3 = 23h 56m 4Ss na o3HauMM NPOXBIDKUTETHOCTTA HA 3BE3THOTO

JICHOHOIITHE.
Toii kato MKC ce nBmxu 1o cBosta opOuTa B ChIlaTa MOCOKA, B KOATO 3eMATa ce

BBPTHU OKOJIO OCTa CH, TO 3a TbPCCHUA HMHTEPBAI OT BPEMEC T, MOXXEM Ja 3aIlluIIeM:

1 _ 1 1
T Ty P
OTKBIETO:
P.T
T = 3B
P— T35
T =~ 99 min.

Kpumepuu 3a oyenasane (06wo 10 m.):

3a npasunen memoo 3a Hamupane Ha opoumannus nepuod Ha MKC — 2m.

3a npasunen uucnen omeogop — Im.

3a npasunna ceomempuuna nocmanoeka — 2m.

3a npasuinu mamemamuyecku npeoopazy8anuus U KpaeH YucieH omeogop — 2m.
3a npasunen memoo, no KOUMO ce HaAMUpa MvbPCEHUAM UHMEPBAL Om peme — 2m.

3a npasunen uucnen omeogop — Im.

3 3apauya. Kaaparsr Ha Ilerac. Spkure 3Be3nu Illear, Mapkab u AnreHu® ot
cb3Besnueto Ilerac, 3aenHo cbe 3Be3gara Cupax oT Anapomena (Hapuyana omie Amndepair),
oOpa3yBar JiecHO 3anoMHsIIa ce purypa B HeOeTO, HapuJaHa ,,kBajapara Ha [lerac*. CBpbX0Bp3
3BE37I0JIET MpaBU OOMKOIKAa Ha YETHpPUTE 3Be3aU OT kBajapaTta Ha llerac. Toil Tperea ot

OKOJIHOCTUTE Ha 3Be3/1aTa Mapkald v Hakpas ce Bpblia I1aK KbM Hesl.
Janenu ca cieHUTe BUJUMHU BIJIOBU PA3CTOSIHUS MEKIY 3BE3/IUTE:

Mapxka6 - [leat 12°55" | Anrenu6 - Cupax 13°57'
Mapka0 - Anrean6 | 16°34’ | Cupax - lllear 14°14'
Mapxa0 - Cupax 20°14’ | Anrenu6 - lllear 20°40’

Hawmepere nndopmarus 3a pa3cTosIHUATA OT HAC 10 3Be3AUTE. B KakbB pell 3Be370JEThT
TpsiOBa Jja T OOMKOJIH, TaKa Y€ U3MUHATHUAT OT HETO ITBT JIa € Hall-KpaThK?

Cupax
|mm—— lear .
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ll L L .
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i " L ]
!
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I
I
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- - LMapKaG
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Penrenne:
[TspBO HamMupame HHPOPMAIIHS 33 PA3CTOSTHUATA OT HAC JI0 YETUPUTE 3BE3/IH:

3Be3na

Cupax

[leat

Mapkab

Anrenuno

97

199

Pascrosinue, ly

140

333

AXoO ca HU U3BECTHH pascrosgHusTa 1 U 2 OT CJIT:HL[GTO J0 OBC 3BC314 1 BUAUMOTO

BIJIOBO PA3CTOSIHUE ¥ MEXKIY 3BE3JIUTE, TO HHUE MOKEM Jia HAMEPUM JIMHEHHOTO Pa3CTOsSHUE
d mexny aBere 3Be3nu. M3noia3Bame KOCHHyCOBaTa Teopema:

d =12 +12—2rrcosy
Taka onpezensMe pa3CTOSHUATA MEXKIY BCEKH JIBE 3B€3/IM OT KBajipara Ha Ilerac B CBETIMHHU
FOJJMHH:

3Be3au Pascrosaue, ly 3Be3au Pascrosame, ly
Mapka6 - [lleat 69,92 Anrenn6 Cupax 240,0
Mapkab - Anrenu6 202,77 Cupax - lllear 107,65
Mapka6 - Cupax 59,36 Anrenu0 - Illear 162,71
Cupax 107,65
(o=l Wear . :
® °
. .
©
69,92 )
_ A Mapkab
. Y
B
lMezac .

Bu3moxHm ca CJICOIHUTEC BapUaHTH 3a 00UKOJIKA Ha YCTHUPUTEC 3BC3 U

Omnwucanune OO6r eT, ly
I Mapxka6-1lleat-Cupax-Anrean6-Mapkad 620.34
(unu B oOpatHa nocoka Mapka6-Anrenun6-Cupax-Illear-Mapka0)
I Mapxka6-1lleat-Anrenun6-Cupax-Mapkad 531,99
(unu B oOpatHa nocoka Mapka0-Cupax-Anrenun6-1llear-Mapka0)
i Mapxka6-Anrenun6-llear-Cupax-Mapkad 532,49
(unu B oOpatHa nocoka Mapka0-Cupax-Illeat-Anrenn6-Mapka6)

HpeCMHTaHI/IHTa HHU yGemnaBaT, 4YC BApHAHT |, KOMTO npeacTraBisiBa 00MKOJIKa IO
KOHTYpa Ha KBaJApaTra OT 3BC3/1U, TaAKa KAKTO I'O BUKIAAME OT 3CM}ITa, HC € Haﬁ-KpaTKHHT IOBT.



3a ma ce HaMmepu TOHM, TpAOBa Ja OTYETEM pAa3IOJIOKEHHETO Ha 3BE3IUTE B TPHUMEPHOTO
npocTtpaHcTBO. Hail-kpaThk IbT 1€ ObJe M3MUHAT IIPU OCBILECTBSIBAHE OOMKOJIKATa CIOPEN
BapuaHT Il.

3abenesicka: BvsmodicHo e yuacmuuyume 8 OIUMRUAOAMA 0A HAMEPAM PATUYHU OAHHU
3a pazcmoanuama om CivHyemo 00 36e30ume 6 pasiuyHu USMOYHUYYU U 04 NOJYYAM YUCTEHU
pesynmamu, paziuyasawu ce om npugedenume myk. Creosa oa ce oyeHasa Memoovm Ha
PAa3CLACOEHUs U NPABUTHOCIMMA HA USYUCTICHUAMA C HAMEPEeHUme Om yyeHuyume OaHHU.

Kpumepuu 3a oyenssane (0owo 10 m.):

3a namupane na ungpopmayus 3a pazcmosnusima 00 3eezoume — 2 m.

3a 06w mamemamuyecku Memoo 3a NpecMAmaHne Ha Pa3cMOoIHUIMA MeAHCOY 0BOUKUME
36e30u — 1 m.

3a uucnenu npecmamanus na pazcmosnuama — 3 m.

3a npecmamanus ha 06wus NbM RO BcuuKU sapuarnmu — 3 m.

3a uzbop na naii-kpamkus sapuarm — I m.

4 3agaya. MUledHMST O'bT NorjaeaHar ot M51.

Enna oT Haif-kpacHBUTE ralakTUKH, KOUTO MOTaT Jia C€ BUIAT C JTFOOUTEICKU TEIECKOTI,
e ramaktukata MS1 — | BomoBwprex. Tsa e
M3KITIOYUTETHO BIICUATIISIBAIA,  3al[0TO €
pasmoiiokeHa B aHpac, OTHOCHO HAC, KOETO ITO3BOJISIBA
Jla ce BUJIU SICHO HElfHaTa CIMpaliHa CTPYKTYpa.

e A) Cera cu mpejacraBeTe, 4e€ aCTPOHOMHTE OT
Ta3W TaJlaKTUKa HaOIrojaBaT Hammata | amakThka c
teneckon. Kak mie s BMKAar Te — B aHdac WIH B
npopun (T.e. peOpoM), WIM B HAKAKBA MEXIMHHA
opuentanusa? HapucyBaiite Hamara ["anaktuka Taka,
KaKTo ce BWkaa oT M51, karo cro0paszurte mocokara
Ha 3aBHBAaHE M PAa3IMOJIOKEHUETO Ha CHUPATHUTE
pPBKaBH.

e b) Pascrossauero ot Hac g0 M51 e 9.76 Mpc
(meranapceka). KakBu mie ObaaT BUIUMHUTE BIIIOBH
pa3Mepu Ha Hamarta ["anaktuka?

e B) Kbume, OTHOCHO BHIUMHS IIEHTBP Ha
lanaktukara, me ce Buwxaa CabHuero. O3HadeTe
MPUOIU3UTEIHO HETOBOTO MOJIOXKEHHE.

o[') Ilpe3 1987 r. B 'oiemus marenaHoB oOsak M30yXHa CBpPBXHOBA 3BE€3/1a, KOSATO B
MaKCHUMAJHUsI CH OJISICHK JOCTUTHA JI0 BUIUMA 3Be3Ha BeandrHa 2.9™ 1 e Moriia Jia ce BIKIa
JIOpU C HEBBOPHKEHO OKO OT 3emsta. 3Be3nara Oemie o6o3HaueHa karo SN 1987A. Koraro
eNEKTPOMarHUTHOTO M3ITbYBAHE, MOPOJICHO OT TOBAa CHOMTHE, JOCTHIHE A0 rajakThukara M51,
KaKBa IIIe 6’1))16 BUJUMaTa 3BC3HA BCJIMUWMHA Ha CBPHbXHOBATa B MaKCUMAJTHUA M OJACHK 3a
HaOmoaTen OT Ta3W TanakTuka? MekIy3Be3THOTO IMOTNIbINAHE Ha CBETJIMHATA Ja HE Ce
OT4YHTAa.

Pemenue: 3a na Bwkaa Hamara ["amakTuka B npodui, HaOIOgATENSAT TPsOBa 1a ce
Hamupa OnM30 10 paBHMHATa Ha ['amaktukara. ToraBa Hue Ouxme Buxkaanmu MS51 ma ce
MIPOEKTHPA HAKBJIE B palioHa Ha Mueunus ieT. T 06ade € qaned or MiieyHus IbT BbB BCHUKH
nocoku. CrnenoBarenHo M51 6u TpsOBano na ce Hamupa Henaned oT CeBepHUS TralakTHYEeH
noroc. M HancTuHa, cie1 KaTo MoThpPCuM KbJie ce Hamupa CeBepHUST nmojtoc Ha ["aakTukara,
ce Oka3Ba, 4ye Tou € Ha okoiyio 20° ot MSI1. [lo-mouno, M51 ce namupa na oxono 22° om



Cesepnus nonioc Ha I anakmuxama. Ao npremMeMm, 4ye TUCKBT Ha ["aakTHKara € Kpbrbi, TO
TOH 11e ce BWkaa or M51 karo enurica ¢ otHomenue Ha ocure b/a = cos 20° = 0.94. Karo
B3eMEM MpeABU] HeAoOpe AeGUHUpPAHUTE TPAHUIM HA TATAKTUKHUTE, TO Pa3juKaTa MEXKIy
JIBETE OCH e Obc Hezabenexxuma. Habmomarenure or M51 mie BukaaT HamnaTta ['alakTuka B
an(ac. [Tourn Taka, KaKTO HUE BIDKJaMe TAXHATA TaJJaKTHKA.

[Ipu mo-BHUMATENEH MOTIEA KbM B3aUMHOTO Pa3loJIOKEHHE BEPXy HeOecHara cdepa
Ha CeBepHus rasaktudeH noitoc (CI'TI), M51 u BuguMoTo mosiokeHue Ha IISHThpa Ha HalllaTa
lNanakTuka Bmxkaame, ue MS1 ce Hamupa Ha okosio 90° (no-mouno na 105 no nue ne ce
HyocOaem om nodobrna mournocm) Ha 3anan ot nocokara ot CI'TI kbM eHThpa Ha ["anmakTrkara
(ko¥TO € ;o 3amajHaTa rpaHuia Ha ch3e3auero Crpenerr). Ha 90° Ha H3TOK OT mocokara KbM
neHThpa Ha ['anmakTukara, T.e. KbM Cbh3Be3nuero Jleben, € mocokarta, B KOSATO C€ JBHXKU
CrnpHYeBaTa CHCTEMa TPH BBPTEHETO CH OKOJIO TalakKTH4HHSA [EeHTbp. CiemnoBarelHo,
nornennato ot CI'TI, a cnegoBatenno u ot M51, Hamata ["anakTuka ce BbPTH 10 MOCOKA Ha
yacoBHHMKOBaTa ctpenika. OCBEH TOBa, MOHEke mocokata kbM MS51 e otkionena ot CI'TI B
oOpaTHa Ha BBPTEHETO IIOCOKA, TO BUTUMOTO ,,CIUICCKBaHE * Ha JUcKa Ha [anmakTukara me Ob/e
0 HalpaBJIeHHE Ha JBHKeHHeTo Ha CrpbHUEBaTa CUCTEMa, KaKToO € TI0Ka3aHo Ha (urypara mo-
JI0ITy.

Ha durypara e mnokazano u mnonoxenuero Ha CupHuetro B [amaktukara u
KOH(UTYypaIruaTa Ha ClIUpaTHATE PhKaBu. CIBHIIETO IIIe Ce BIDKIA JICXKAIIO Ha JbJITaTa OC Ha
BUIUMHS JMCK Ha ['amakTWkara, OT CTpaHaTa, B KOSATO 3BE3JAWTE C€ OTJajedyaBaT OT
HaOmonatenst B M51. Ha pucynkara CIIbHIIETO € B HAUAIOTO HAa CTpPEJIKaTa.

e e
> 5 .
e K
A .

e
~ Ilocoka Ha BbpTeHe
Ha [ayrakTHkara

Ha Ta3um pucyHKa CIIJISCKBAaHETO Ha JIMCKa € TTOKa3aHO BHB BEPTHKAIHA MOCOKA. Taka
11e u3raexa Hamara ['anaktuka nornenHata ot M51. C mounocm do 3aevpmatre Ha 360°.

‘brioBute pasMepu ce ompenensT OT OTHOIICHWETO Ha (U3MYECKUTE pa3Mepd Ha
lanaktukara u pascrossHueTo 10 M51. Hsama oOmonpueTo To4HO 3HaYSHHE Ha pa3MepUTe Ha
I"amakTviKaTa, HO TIOBEYETO OIIEHKH Ca 3a JHaMeThp oT okoji0 30KpcC.

OmnpenensiMe BrIIOBUTE pa3MepH:

_ Deai  30kpc
" rysy 9760 kpc

B =3.07-10"3rad



180 - 60’
B' = PBrad - — = 10.6’

CepbxnoBara SN 1987A wu36yxsa B 'onemus MarenanoB o6nak. Toil ce Hamupa Ha
50 kpc pa3crosinue ot Hac. OTHOIIEHUETO HA OCBETCHOCTUTE € 0OPATHO MPOIOPLUOHATIHO Ha
OTHOIICHHETO Ha KBaJpaTUTe Ha pascTosHusATa. CienoBaTeNHO pa3jiuKara B 3BE3JHHUTE
BEJIMYMHU L1€e Oble:
2
TLmc

2
Tms1

Mpys51 — Mear = —251g = 11.45™

mM51 ES 2.9m + 11.4‘5m == 14.357}’1

TakaBa 1ie ObJe BUAMMATa 3BC3JHA BEIMYMHA HA CBPBXHOBATa, KOraTto Ime ObJe
BB3MOXKHO J1a ce HaOmronasa ot M51.

Kpumepuu 3a oyensieane (0b6wo 10 m.):
3a npasunnu pazcvocoenus omuocHo mosa, ue I anakmuxama wie ce uxcoa 6 anghac

— I m.

3a npasuninu pascvacoeHuss OMHOCHO OPUEHMAYUAMA HA CRUPATHUME PbKABU,
nocokama Ha gbpmeHe U 3a npasuiHa pucyuka Ha I arakmuxama — 4 m.

3a nocousane na macmomo Cnvhyemo 6 cxemama Ha I anaxmukama — 1 m.

3a npasunno Hamupane Ha HeoOXOOUMAMa UHPOPMAYUA U NPABUTHO NPeCMAMAHe Ha
venosume pasmepu na I anakmuxama, noeneonama om M51 — 2 m.

3a npasunno Hamupane Ha HeoOX0OUMama UHGOPMAYUS U NPABUTHO NPECMAMAHe Ha
36e30Hama eeauyuHa Ha cepvxnosama om 1987 coouna, kaxkmo we ce susxcoa om M51 — 2 m.



