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TymaHHocTb AHOpomeabl no katanory Meccbe ob6o3HadeHa M31.

B «HoBbIn obwwun katanor» (New General Catalog), koTopbii cooepXxnT ceeaeHns
06 obbekTax garnékoro Kocmoca, B TOM 4yumcrie o bonee 4yem 13 TbIC. ranakTuk, oHa
BKNMtodeHa kak NGC 224.

TymaHHOCTb AHOQpOMe bl



B cocTaB Bcex
ranakTuk BXogaaT
3BE€30bl, MEXX3BE3OHbLIU
ra3 n TeMHas maTtepu4.

Ho nx otHocuTenbHoe
coaepXxaHue B
ranakTukax
pPasfMYHoOro Tuna
CYLLLECTBEHHO
OTNINYaETCH.

KeuHteT CtedpaHa — rpynna
N3 NATU ranakTuK B CO3BE3AUMN
[Neraca.

UeTbipe N3 NATU ranakTuk B
KeuHTeTe CTedpaHa
HaxoasTCs B MOCTOAHHOM
B3aUMOOEeNCcTBUn




ns OOnbLUNMHCTBA ranakTuk onpeanennTb pacctodaHmne no CnekTp ranaktukum
HabnogeHnam Ll,erel/ID, OKa3blBaeTCA HEBO3MOXXHbIM.

B aTux crnyyasix nonb3ylTcs ApYriMyM MEeToAamMm, Cpeam
KOTOPbIX Havbonee HaAEXHbLIM CYMTAETCS onpeaeneHme
PACCTOSIHWSA MO 3aKOHY «KPACHOro CMeLLeHUsi», oTkpbiTomy 16 Mnk 1200 km/c

B 1929 . amepurKaHCKMM aCTPOHOMOM JABUHOM Xabbnowm.

1, Cnvewesus Her -
FaNaKTUKa CTOMT Ha mecTe

200 Mnk 15 000 km/c

v ‘]
2. KpacHoe CMeleHme —
ranaxTuka yaannercs o1 3esmnn

290 Mnk 21 500 km/c

OH 0BHapyXun, 4YTo B CneKkTpax
BCEX ranakTuK (3a UCKMYEHNneM
TyMaHHOCTN AHApomMeabl 1 Opyrnx
SnBrH Xabor BrvKkanmnx ranakTuk) JTIMHUK
(1883-1953) CMELLIEHbI K KPaCHOMY KOHLLY.

525 Mnk 39 300 km/c

OTO «KpaCcHOE CMeLLeHnE»
03Ha4yano, YTo OHM yaanswTcs oT

Hawen [[anakTuku., 810 Mnk 60 900 km/c

«KpacHoe cmelleHne»
B CMeKTpax ranakTuk




CpaBHMB paccTosiHME [0 ranakTuK CO CKOPOCTAMU UX yaaneHusi, 3aBuH Xabbn
YCTaHOBWI, YTO MexXay 3TUMUN BENUYMHAMK CYLLLECTBYET BECbMa NpocTas
3aBUCUMMOCTb (3akoH Xabbna):

v=HR,
rae v — CKOPOCTb ranakTukm, R — pacctosiHue Ao Hee, a H — Ko puumeHT
NpPONOpPLMOHANbHOCTU, Ha3blBaeMbI TENEPb NOCTOAHHON Xabbna.

[To coBpeMEHHbIM AaHHbIM, BenndnHa H coctaBnseTt 69 km/(ceMnk).

Yem panbLie oT Hac
HaxXoOUTCA ranakTuka,
Tem ObICTpee OHa
yaoansercs.

3a cuéet adbpekTa

| [lonnepa anvHa BOSHbI

NPUHATOro Ha 3emrie eé
N3y4YEHUS1 CTaHOBUTCS

Tem bonblue, YeMm BblLLe
€€ CKOpPOCTb.

BuaHo, 4To D-NnHKUA
HaTPUSA CMELLAeTCH 13

. XEnTom obrnacTtu cnekTpa
KpacHoe cmelleHne B CnekTpax Aanéknx ranakTuk. B KPaCHyto, B 061acTb

OO6nbLWMX ONVH BOJSH.



3akoH Xabbna gan Bo3MOXHOCTb onpeaennTb pacCcTodHme Ao Hanbornee ganéknx
o6bekToB BO BceneHHoW, Korga HenNpurogHbl Bce Apyrne crnocobbl, NpMMeEHsIEMbIe
B aCTPOHOMUMN.

OnpenennB CKOPOCTb ranakTUKN NO CMELLEHMUIO NIUHUIA B €€ CNEKTPE, MOXHO
BbIYUCINUTb PACCTOSIHME A0 Heé no dopmyne:

R=v/H.

Distant Galaxies in HST Spectroscopic Survey K HacToswemy

BPEMEHN N3MEPEHDI
«KpacHble CMEeLLEHUS»
N onpeneneHsbi
pPacCTOSAHUA 00
HECKOIbKUX
MUINJIMOHOB ranakTuK.

OT cambIx ganékmx mna
HUX CBET MOET OKOS0
13 mnpg ner.

NASA, ESA and S. Malhotra (STScI)




[To BHELWHEMY BMAOY U CTPYKTYPE ranakTtukm BecbMa pasHoobpasHbl, 0qHaKo
OONbLLUIMHCTBO U3 HUX XOPOLUO YKNaablBaeTcs B NpeasioxXeHHyo Xabbnom eLlé B
1923 I. NPOCTYIO U CTPOUHYIO Knaccudumkaumio.

Bce ranaktuku 6binm pasbutsl Ha Tpy TMNa:
annunTuyeckune - E, cnupanesHble - S 1 HeNnpaBunbHble (MPPErynsipHble) - 1.

CnupanbHBIe ranakTuku

INNUNTHUNECKWE FaNaKTHKK
WpperynapHele
TanakTHKK
.
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CnupankHeIe ranakTuku
C nepemelNKon (bapom)




dopma INNUNTUYECKUX ranakTuK pasnuyHa: oOT NoYTu KPYyrnom 4o O4eHb CUIBbHO
CMNIIOCHYTOWN.

CnupanbHBIe ranakTuku

-

3J'IJ'JVII'ITI/I‘-IeCI<.a$I 'f'aﬂaKTMKa
¥ ESO 325-G004 .

3NNUNTHMECKUE ranakTMKK

i ’ : WpperynapHele
- TanakTMKku

-
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TMHZ0BMOHBIE I
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CnupankHeIe ranakTuku
C nepemelNKon (bapom)




B cnupanbHbIX ranakTukax BblAesieHbl ABa nogTmna:

*HOpMarbHble Crimparsnm, y KOTOpbIX CnnparnbHble pyKkaBa Ha4MHalOTCH
HenocpeacTBEHHO N3 LieHTpanbHOM 0bnacTu;

*rlepeceyEeHHbIE Cnupanu, y KOTOpbIX pyKaBa BbIXOOAT HE N3 sApa, a CBA3aHbl C
NnepeMbIYKON, NPOXOASLLEN YepPe3 LIEHTP rarakTUKN.

Cm-1p'an bHBIE ranakT KK

NGC 4414

INNUNTHUNECKWE FaNaKTHKK
WpperynapHele
TanakTHKK

-

=0 : I
JIMHZ0BUAHbIE !
ranaKkTMKu

=Bb

CnupankHeIe ranakTuku
C nepemelNKon (bapom)




Brnivvkanwmmm n cambiMy APKUMU OKasanuchb ABe rariakTMKM HenpaBUIlbHOro TUnNa,
KOTOpble nony4unnun HassaHma bonbloe n Manoe Marennanosel Obnaka.

OHM XOpOoLUO BUOHbLI HEBOOPYXEHHLIM rnasom B KOXXHOM nonywapum Henoganeky ot
MneuHoro Nytn. Marennanosbl Obnaka siBNAKTCS CNyTHUKaMM Hawen [anakTuku,
pacctosaHme go bonbworo okono 200 Teic. ¢cB. neT, 4o Manoro - 170 TbIC. CB. ner.

CnupanbHBIe ranakTuku

INNUNTHUNECKWE FaNaKTHKK
WpperynapHele
TanakTHKK
.
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CnupankHeIe ranakTuku
C nepemelNKon (bapom)

MarennaHoBbl



Oﬂpeﬂ,eJ'II/ITb TOYHYIO MacCcCy raJiakTukK rnpaktn4eCckm HEBO3MOXHO.

CornacHo nccnegoBaHuUsIM, MOYTU Y KaXKA0M U3 ranakTuk (B TOM YUCIE U Yy Hallen
[anakTnkn) obHapy>KeHO CyLLEeCTBOBAHMUE OBOLLUMPHBIX KOPOH N3 TEMHOIO BELLECTBA,
Tak Ha3blBAEMOW CKPbITON Macchkl Unn TeMHon matepuu. I'lo pacyétam, e€ macca B
HEeCKOmbKO pa3 npesbiaeT obLyo Maccy Bcex HabnogaemMblX 0OBbLEKTOB ranakTUKK

Dark matter
.

o NASA/ESA/MASSEY

Kaxxgomy 3HaunMTerIlbHOMY CKOMSIEHUIO rafiakTUK COOTBETCTBYET 60SbLLON CryCTOK TEMHOW MaTepun.
CoBMeCTUB KpYyMNHOE CKOMJeHne Ha NeBon KapTUHKE C COOTBETCTBYIOLLMM rasio TEMHOM MaTepun Ha NpaBou
KapTUHKE, Mbl OBHaPYX1M, YTO OHM COBNaZalT N YTO 0ObIYHAs MaTepus CITIOBHO HaXOAUTCS B Kapkace 13
TEMHOWN MaTepumn.




BbISICHMIOCH TakXe, YTO MeXAy ranakTMkamu B UX CKOMMEeHNAX HaxoauTcs ras,
pasorpeTbin oo Temnepatypbl 6onee 10 mnH K. Ero nonHas macca cpaBHMMa C
CYMMapHOM MacCcou BCeX rasiakTUK CKonneHud. Takyto Maccy O4eHb ropsyero rasa
rpaBUTaLMNOHHbIE CUSbl FafiakTUK MOTYT yaepXaTb JIMLb B TOM Crly4yae, ecnv B
CKOMJIEHMN TaKkXKe CyLLeCTBYeT TEMHas MaTepu4.

. A_-f7. NASA/ESA/MASSEY
3d KapTa TeMHOW MaTepuu, paspaboTaHHasas acTpoOHOMOM Puyapaom
Maccu



YcTaHOBMEHO, YTO Ha pPorib TEMHOM MaTtepun He NOAXOAAT HU ras, Hu
cnabocBeTsaLmecs 3B8€3bl, HM ApYrne oObeKTbl, COCTOSILLNE U3 OOLIYHOIO BellecTBa
(NPOTOHOB, HENTPOHOB U 3NIEKTPOHOB).

Bo3MOXXHO, TEMHass MaTepuss COCTOUT U3 3NEeMEHTapHbIX YacTuL, NogoOHO HEUTPUHO,
cnabo B3aMoaencTBYOLLMX C OObIYHBIM BELLECTBOM.

Mopenb kKocmMmnyeckom nayTuHbl TEMHOW MaTepun




CnunpanbHble ranakTukmi ABnsaTCA Hanbonee pacnpocTpaHEHHbIMU —
NPUMEPHO NOMNOBUHA HabNgaeMbIX ranakTMK OTHOCUTCS K 3TOMY TUny.

CnunpanbHas ranakTuka «BepTyLuka»

CnunparbHble ranakTuKu
OTNMNYaEeT Hann4ymne
HEeCKOMbKMUX CcnnparnbHbIX
PYKaBOB, B KOTOPbIX
COCPeaOTO4EHO MHOIO
MOJ100bIX SPKUX 38€30,
ceemMsUXCS 2a308bIX
mymMaHHocmeu, a Takke
XOJ1I00HbIX 2a30/bl1e8bIX
obriakos.

B cnnpanbHbIX pykaBax
nponcxoanT
dopmupoBaHune 3B€3M U3
MEXX3BE3OHOro BeLlecTBa.



Mo coBpeMEHHbIM MnpeacrtaBleHndam, CrimparibHble BETBU - 3TO BOJIHA NOBbILLEHHOW
NIOTHOCTU 3BE3 U rasa, KOTOpasd BpallaeTCAa BOKPYr LeHTpa raJiakTukm Kak
TBép,El,Oe Teno, - yrnoBaad CKOPOCTb NOCTOAHHA, a NMHENHas yBENMNYNBAETCA C
yBEINMN4YeHneM pacCtoAaHnA OT OCU BpaLlEeHUs .

B BeTBAX HET NOCTOSAHHOIO
COCTaBa 3BE3[ 1 rasa, oHU
nepuoanyeckn BCTynaroT B
obnacTb pykasa.

[Mpoxoasa 4epes HMX, BOrHa
YNSIOTHEHUS OKa3blBaeT
3Ha4YUTENbLHOE BNUSHME Ha ras -
yBEeNM4eHne ero nioTHOCTU B
HECKOSbKO pa3 CTUMYNnpyeT
Ha4Yano npouecca
3B8E€30006pa3oBaHuUA.

CnupanbHaga ranaktuka M74 B co3e3anmn Pbib



CnunparnbHble ranakTuki, KOTopble Mbl BUAMM «C pebpay», HanoMuUHatoT no
BHELLHEMY BMAOY YE€4YEBULYY UNU ANCK C YTOMLEHNEM B CEPEAVHE.

CnnpanbHasa ranaktnka M102

OTO yTOSILLEHNE
npeacTaBnsieT cobou
LeHTpanbHyto, Hanbonee
NNOTHYO YacTb rarno,
KOTOPOE MPUHATO
Ha3bIBaTb «Oarnmk»
(QHrMUUCKUA CUHOHUM
PYyCCKOro crnosa
«yTOSLEHMEY).

OueBunaHO, Tak BbIrMAAUT
N Hawa [[anaktuka.



BTopbiM NO pacnpocTpaHEHHOCTM TUMNOM ranakTuk (npumMmepHo 25% oT nx obLuero
4yucrna) aBnsTCAa ANUNTUYECKUe.

annuntunyeckaa ranaktmka ESO 325-G004

Y annunTuyecknx ranakTmk
HET HW AucKa, HU crmparbHbIX
BETBEWN, a UMEETCH TOSNbKO
cdepunyeckasi coctasnaroLas,
KOTOpasi COCTOUT
NPENMYLLECTBEHHO U3 CTapbIX
3BE€3[ KpaCHOro LBeTa 1 NoyTn
HEe COOepPXUT XONoaHOro rasa.

BepoaTHO, BCE MEX3BE3OHOE
BELLECTBO YLUMNO Ha
obpasoBaHue 3TUX 3BE3A.



INvH3oBuaHble ranakTukm (Tmn SO) NOXoXM Ha cnuparbHble TEM, YTO Y HUX €CTb U
OWCK, U rano, HO OHW, Kak U aNNUNTUYECKNE, He MMEKOT CnMpanbHbIX BETBEW.

N3 obuwero uncna ranaktnk npumepHo 20% OTHOCUTCS K 3TOMY TUNY.

JInHzoBuaHaga ranaktmka NGC 5078




[AanakTUKM OAHOrO N TOTO Ke TUMa 3HAYUTENbHO OTNMYAKOTCA APYr OT Apyra no
pasmepam, Yncny 3B€3a U APYrMM XapaKTepucTuKam.
Camble ManeHbKkue cpeaun HUX Ha3blBaloT KapriMKOBbLIMNA,

HecCKorbKo Takmx KaprnKoBbIX ranakTuk
BXOOSAT B YNCIO CNYTHUKOB Hallen [anakTuku

Merac
»

MnedHbld MyTe

a ApakoH

Meye » * Manaa Meneeguua

CEYNBENTOR * o

* - Knneb
MMO EBMO » » Neell
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BonbLUMHCTBO ranakTuK rpynnMpyeTcst B CKOMMNEHUs1, KOTopble AeNATcsa Ha ABa Tvna:
npaBuUIibHbIE N HEMpPAaBUSbHbIE.
[MpaBunbHbIE CKOMMEHNS ranakTUk BO MHOFOM HanoMWHaT LapoBble 3BE3AHble
CKOMMEeHUs, ANs KOTOPbIX XapakTepHa cdepudeckas CUMMETPUS C CUNbHOM
KOHLIEHTpaLUMen ranakTuk K LeHTpY.

MpaBunbHbIe CKOMMNEHUS ranakTuk paamepom okoro 4 Mnk, koTopoe HabnogaeTcs B
co3Be3ann Bonocbkl BepoHukK, HacUNTbIBAET HECKONBbKO JECATKOB ThICAY ranakTuk .



BonbLUMHCTBO ranakTuK rpynnMpyeTcst B CKOMMNEHUs1, KOTopble AeNATcsa Ha ABa Tvna:
npaBuUIibHbIE N HEMpPAaBUSbHbIE.
[MpaBunbHbIE CKOMMEHNS ranakTUk BO MHOFOM HanoMWHaT LapoBble 3BE3AHble
CKOMMEeHUs, ANs KOTOPbIX XapakTepHa cdepudeckas CUMMETPUS C CUNbHOM
KOHLIEHTpaLUMen ranakTuk K LeHTpY.

MpaBunbHbIe CKOMMNEHUS ranakTuk paamepom okoro 4 Mnk, koTopoe HabnogaeTcs B
co3Be3ann Bonocbkl BepoHukK, HacUNTbIBAET HECKONBbKO JECATKOB ThICAY ranakTuk .



KoHLUEeHTpaunsa ranakTuk B CKONNeHusX bbiBaeT Tak BeNuka, YTo OHM
pacnonaratTcs o4eHb Onm3ko apyr k Apyry. VIx rpaButaumoHHoe
B3aMMOAENCTBNE BbI3bIBAET 3HAYNTENBHOE U3MEHEHNE DOPMbI ranakTuK.

YacTto HabntogaTcs coeanHsaoLLmMe nxX nepemMbldkn, KOTOpble COCTOAT U3 3BE3.
UNW rasa, a Takke yxoasiine ganeko B CTOPOHY NPOTSKEHHbIE «XBOCTbI».

BBaVIMO,EI,eVICTBy}OLLI,I/Ie ranakTukm « AHTEHHbI»



Cpeau B3aMoaenCTBYOLMX ranakTuK U ranakTuk, MMeoLLnX Ormskmx
CMYTHWKOB, YacTO HabnoaarTCs ranakTUKN ¢ akTUBHLIMW SapaMu.

Hebonbluoe yncno ranaktuk (okono 1%) nmeetr ocobeHHO Apkue sapa, B
KOTOPbIX MPONCXOAUT KOSloccarbHOE BblAENEHNE SHEPTUN.

[TposiBrieHME aKTUBHOCTMU:

1)oyeHb bonbLasa MOWHOCTb U3NYyYeHns
(CBETUMOCTb) HE TOSIbKO B ONTUYECKOW,
HO U B PEHTITEHOBCKOMN UMK
NHJpakKpacHOW YacTu CNeKTpa;
)B ape NPoONCXoanT ABMKEHME rasa co
CKOPOCTSIMM ThICAYN KUITOMETPOB B
CEKYHAY, YTO NPUBOAUT K NOABIIEHUIO
ONTMHHBIX BbIOPOCOB - AXKETOB;

3)MOLLHbIE MOTOKM 9NEKTPOHOB U
NPOTOHOB BbICOKOM SHEPIUN, nayLime
N3 aapa B ABYX MPOTMBOMOSTOXKHbIX
HanpaBneHusix, NopoxaarT
CUHXPOTPOHHOE pagnoun3sriyyeHue.

AKTMBHAZA ruraHTckasa annuntudeckaa ranaktmka M87.
3 LueHTpa ranakTuKn BblpbIBAETCH PENATUBUCTCKAsA
CTpyS (oxer)



[anakTUKK C aKTUBHbIMU SApaMin, ABNSAOLLNECS NCTOYHUKaMN paamnon3ny4yeHuns
OOnbLLOM MOLLIHOCTW, Ha3bIBalOT paguoranakTukamu.

Paguoranaktuka KeHtaBp A. KombuHnpoBaHHoe nsobpaxeHue (1) n nsobpaxeHuns B
PEHTIreHOBCKOM (2), paguno- (3) n ontnudeckom (4) onanasoHax.




KBasapbl (kea3u38€30HbIe paduoucmoYHUKU) - CaMble€ MOLLHbIE U3 BCEX U3BECTHbIX
BO BceneHHOW NCTOYHUKN BUOMMOIO U MHPpaKpaCHOro U3ryyeHums.

[axe Hanbonee 6nm3kmMe KBaszapbl pacnonoXeHbl Aanblie 00nbLUNHCTBA N3BECTHbIX
ranakTuk, Ha paccToaHusax nopaaka 1 mnpa cB. net. Camble ganekne KBasapsbl
HabngaTCcs Ha paccToaAHuAX Ao 13 mnpa cB. NeT.

BeposiTHO, kBa3apbl NpeacTaBnsAloT cobon sapa Aanéknx ranakTuk,
NPOSABASIOLLNE OYEHb BbICOKYO aKTUBHOCTb.

Keasap 3C275 KBasap B npeacraBreHnm XygoXHMKa
(camMblit ApKUIA OBBEKT BONM3M LleHTpa CHUMKA).
PaccTosiHne oo Hero — 7
Mpg CB. 1.



OKoH4aTesfibHOro OTBETAa Ha BOMpPOC 006 MCTOYHMKAX BbICOKON aKTUBHOCTU A0ep
raflakKTuK rnokKa Her.

OOHOM N3 BO3MOXHbIX MOAENen, onucbiBalOLWMX BECb HAbNaaeMblii KOMMIEKC
SIBMEHUNN, CYNTAETCS HanNMune B aapax YEPHbIX AblPp MacCon B AECATKU N COTHU
MunanoHoB macc ConHua.

B pesynsrate nageHud
BELLECTBA Ha YEPHYIO
ObIpY OOSTKHO
BblAENATHLCA OrPOMHOE
KOSIN4ECTBO 3HEPrun,
npeobpasyemon B
9NIeKTpOMarHUTHoe
N3nyyeHue.




KpynHenwmne Ha3eMHble TENECKONbI M KOCMUYECKUI Teneckon «Xabbn» no3BonsawoT
Nosy4nTb poTorpadmnu, Ha KOTOPbIX MOXHO HacYMTaTb MHOIME MUSJNOHBLI ranakTuk.

B nx npocTpaHCTBEHHOM pacnpeaeneHnn HabnoaaeTcs onpeaenéHHas
3aKOHOMEPHOCTb - AYENCTO-COTOBAsH CTPYKTYpa.

o g N
" aine oo A
AL

CKonNneHns n cBepxcKonmneHus
ranakTuK pacnonaratTcs Tak,
YTO HEe 3anonHSAT BCE
NPOCTPaHCTBO, a 0bpasytoT
NULLIb KCTEHKW», KOTOpble
OTAENSAT APYr OT Apyra
FMraHTCKMe MycToThl, B KOTOPbIX
ranakTUKuU NPakTU4EeCcKn He
BCTPEeYatoTCs.

Pa3mep aTux ga4eek oKkoro
100 MnK, a CTEHKU UMetoT
ToNnwunHy Bcero 3-4 M.




Bonpoctl

1. Kak onpenensaiT paccTodHns 40 ranakTuk?

2. Ha kakme oCHOBHbIE TUMbl MOXXHO pasaennTb rafiakTuku
No UX BHELUHEMY BUay n doopme?

3. Hem pasnunyaloTca no cocraBy U CTPYKTYpE cnuparsibHble
N aNnunTudeckune ranakTukn?

4. YeM 00BbACHSIETCA «KpacHOE CMeLLeHNeE» B cnekTpax
ranakTuk?

5. Kakne BHeranaktnyeckme NCTOYHUKN pagmonanyyeHuns
N3BECTHbLI B HAcTosLlee Bpemsa?

6. UTO ABNSAETCA MCTOYHUKOM PagnNon3nyyveHms B
paguoranakTukax?



