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KpaTHaa cucrtema

[[anakTukn, nogodbHo 3Be3aam, peako bbiBaroT
OAMHOYHbIMU. OHU TArOTET K 0ObEANHEHUIO.
90% ranakTuk HaxoOuUTCA B CKOMIEHUNAX,
HacUYUTbIBAOLWMX OT OECATKOB A0 ThICAY
ranaktuk. CpegHun anameTp ckonneHmnst 5 Mrik,
cpeaHee 4Yncrno ranakTuk B HUX He meHee 130.

a) NanakTuka (Mne4yHbIn NyTh) - UMeeT
cnyTHUKM = ranaktukn bMO n MMO,
N3BECTHLI elle 3 crnmparnbHbIX, bonee
10 annunTmnyeckux n donee 20
HEeOOMNbLLUMX KapfMKOBbLIX ranakTuK.

6) M31 (TymaHHOCTL AHOpOMEbI) -
OKpPY>XeHa KpynHbIMW cnyTHUKamn M32
n M110 n He meHee 20 HeboNbLUNX
KaprMKOBbIX ranakTuK.

MneyHbI NyTb U €ro CNyTHUKK



MecTHagq rpynna

CoBOKYMHOCTb cnvpanbHbiX ranaktuk MneyHbin MyTb,
TymaHHocTb AHgpomeabl (M31) u M33 B TpeyronbHuke co
cBoMMM cnyTHUKamu (Bcero 6onee 60 ranakTuk) obpasyroT
MecTHyto rpynny.

MHorue HacTonbko cnabbl, YTO Ha BOMBLUMX PACCTOAHUSX
OOHapyXUTb UX OYMEeHb TPYAHO, a NO3TOMY 0bLlee KONMMYecTBO nX
HEen3BeCTHO.

MecTHaga rpynna He UMeeT LEeHTPanbHOro ynmnoTHEHUS, COCTOUT
N3 OBYX MNOArpynn coCcpenoTOYEHHbIX BOKPYr ABYX Hanboree
MacCCUBHbIX €€ YJieHOB — JoMuHupyrowero M31 1 Manaktunku.

MecTHas rpynna 3aHMmaeT o6bem NPOCTpaHCTBa C pagnycom
okono 3 MIH. ceeToBbIX NneT (1 Mnc). OHa gBuxeTcs co
CKOPOCTbI0 635 KM/C OTHOCUTENBHO PEMMUKTOBOIO U3My4YEHUS.

dSph

Sculptor - % s ‘. ~WLM

B npenenax 16 Mnk nmeetcsa okono 50 MeCcTHbIX rpynn. BoT HEKOTOPbIE U3 HUX:

IC342/Maffei — B = 3,0 Mnik Npynna M96 - rpynna Jles /

Npynna M81 - B = 3.5 Mnk Mpynna M66 - Tpunner B co3eaanm Jlbea
Mpynna NGC 5128 (LJeHmasp A) —B=~ 3,4 Mnk  T'pynna NGC 5236 — B ~ 4,2 Mnk
Npynna B FoH4yux lNcax — B = 4,3 Mnk Npynna M101 — B = 7,3 Mnk
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MecCcTHbLIN KOMMNNekKc

MecTHOe cBepXxcKonsieHue (cBepxckonneHue [eBbl,

boratoe ckonneHue) - CKOMnsieHne CKONSIeHNN ranakTuk
anametpom okono 30 Mnk pasgensietcs Ha: MecCTHbIN

Komnnekc ranaktuk u ckonneHue B [leBe.

MecTtHasa Npynna, Haxoasck Ha nepudepun NPUMEpPHO B
10 MK OT ueHTpa cBepXCUCTEMbI, BXOAUT B MecmHbIU
Komnnekc, BknovaloLwmnn Takke 6nmskme rpynnbl ranakTuk -
IC342/Maffei, M 81, loH4me lNcbl, M 101, NGC 5128 n
apyrue, umeroLme rnydesble CKOpocTn MeHee Yyem 500 km/c
(4TO cooTBETCTBYET NpUMepPHO 7 Mnk). MecmHbIu
Komnnekc copepxut nopsigka 280 ranaktuk (Ha 1980r,
SIBHO HE MOMHbIN CANCOK), BKItovaa 255 ranakTuk ¢

V_ <500 km/c 1 25 chepomnaarnbHbiX KaprMKOBbIX ranakTuk
C HEM3BECTHbLIMN JTy4EBbLIMU CKOPOCTAMMW.

50 | .
| MB2 [MoHatne Mecmtbit Komrinekc 6b1510 BBeAeHO B paboTe
® 5w Kraan-Korteweg n Tammann (1979r). W13 Bcex ranaktuk

@ ncczisa @ BKEN

o) o @) MB1 MecTHoro Komnnekca 6 umetot maccbl 6onbiie 310" M.
' N3077 anakTmnka, M31, M81, NGC 5128, NGC 5236 n M101.

® Ko

! P— PacnpeneneHne ranaktvk no Moponorniyecknm Tunam
' . —— NMEET aCCUMETPUI0 C MUMHUMYMOM Ha Tunax S0-Sa, a
Bonee NoMoBUHbLI - MPPETYIISIPHLIE KAPSIMKOBLIE FranakTUKK.

-100 ® FED1
P - Ha cHumke M81 u M82, a Huxe cxema epyrrsi M81
100 50 0 -50 <100
RA offset (' from 9:51:30)



Uepes 1ieHTp ckoruieHus B JleBe npoxoauT renouyka MapkapsiHa
- BBEpXY CIpaBa JiBe OOJIbIINE JMH30BHUIHbIC TATaKTUKU - M84
u M86, BHH3Y ciieBa Oomblias crivpaibHas M88, B HIDKHEM
IIPaBOM YIUIy TMTaHTCKasl JUIMITHYECKas rajlakTuka M87.

CkonneHue B [leBe

CkonneHue ranaktuk B [Jese (Virgo Cluster) - ckonneHve
6onee 2000 ranakTuk, pacnosfioXXeHHOe Ha paccToaHum oT 15
00 22 meranapcek, oxsatbiBaeT 120 kBagpaTHbIX rpagycoB
Heba n nmetowee anametp donee 6 Mnk (okono 8° ¢ LeHTPOM
B co3Be3aun [leBbl) - bnvkanwee kK MecTHon rpynne KpynHoe
ckonneHune. CkonneHne B [Jese ABNAeTCA JOMUHUPYHOLLMM U
onpenensieT 6apuueHTp Hawero MecmHozo
CeepxckornneHus. BapuueHtp MecTtHom pynnbl ABUraeTca B
HanpasneHuu ueHTpa Mecm+rozao CeepxcKoriieHuUsi Co
ckopocTbto okono 300 km/c ("NOToK B HanpaBreHue

Ha [lesy"). Hanbonee maccmBHas B CKOMMIEHUN - TUFAHTCKas
annuntnyeckas ranaktnka M87 cpaBHUMasi no pasmepam c
MecTtHou pynnon. LecTHaguate Hanbonee Spkux YrneHoB
ckonneHna BknoyeHo B Katanor Meccebe.

anakTnkm B CKONMeHnn MMerT Anana3oH COOCTBEHHbIX
ckopocTten oT -200 go +2000 km/c. [iBumxkeHne ranakTumk
BHYTPW N OKOSO CKOMSIEHNSA NOKa3bIBalOT, YTO OHWU cogepxaT
Oonblle TEMHOro BelecTBa, YemM Habnogaemoro. B
CKOMMEeHNM HaxXoOATCSA He TONbKO ranakTUKu, CocTosAlmne 13
3Be3[, HO Takxke ras (B cpefHeM O4NH aTOM B Kybuyeckom
aeunMmeTpe, a No Macce ConocTaBMMO C MacCoOn BCEX 3BE3[
ckonneHnsd), HacTonbko ropsaynn (cebiwe 10 MnH.K), 4To OH
n3rydaeT peHTreHoBCKue nyyn. Ha aTtom nsobpaxeHum LeHTp
ckonneHus B [lese: BUAHbI apkme ranaktukn M86, M84, a
Takke Bbllwe NGC 4388 n NGC 4387 B cepeauHe.
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ATO KOHUEHTpaUUs 6oraTblX CKOMNEHUN ranakTuK.
N3BecTHO okono natugecaTtn (Katanor x.Onbenn,
pas3genue Ha NpaBUNbHbIE U HEMpPaBUIbHbIE
(CpaBHMBas C LLAPOBLIMU U PpaCCEAHHbLIMU
CKOMJIEHUSIMU 3BE3[), COAEPXKALLUUX B CpedHEM MO
ABeHaguaTtb 6oraTblx CKOMMEHU ranakTuk (camoe
KpynHoe HacuyuTbiBaeTcd 29 BoratbiX CKOMNSIEHNN).
OTU CTPYKTYPbl UMEIOT B NOMNEPEYHMUKE COTHU
MWNSIMOHOB CBETOBbIX NET.

Haw MecCTHbIN KOMMNJIEKC HaxoauTCs Ha nepudepunn
cBepxckonneHna gnametpom B 40 MnK ¢ LLEHTPOM B
boratom ckonneHuu [leBbl, cogepxaliem okono 400
CKOMJIEHUN, CODpPaHHbIX B CIION M NOJIOCHI,
pasgeneHHble npomexyTkamu n bonee 30000
raniakTuk ¢ KoHueHTpaumen B [ese (kapTbl MecTHOro
ceepxckonnexHnsa bpenTta Tannu (1982r, CLLUA), CC B
bueHTpe - 60% HaxoasTcsi B y3KOM Croe TONWMHON
Bcero okosio 10 MnH. cB. nNeT BOGMM3KN MNOCKOCTU
CsepxckonneHust, 40% ranakTuk pacnosioXeHbl BHE
nnockoctn CeepxckonsneHus). MNpn atom 98%
ranaktmk MecTHoro cBepxckonseHust npuHagnexar
11 obnakam, cymmapHbI 0O6beM KOTOPbIX He
npesBblllaeT 5% obbema Bcero CBEPXCKOMNMEHNSA U
BbITAHYTLIM B HanpasfieHnn ckonneHuns [esbl.



M MeTaranakTtuka - ecs Habrrod0aemasi
eTarajfiakKTuka yacmb BceneHHou, pasamep KOTOpPOWn
orpaHn4eH paccTosiHUeM npoLuenLnm
% CBETOM C MOMeHTa bornbLioro
€2 (1009 krvs) R VR
N B3pbiBa. B MeTtaranaktuke

: 3 NPOCTPaHCTBO MeXAy ranakTnkamm

3anosfiHeHO Ype3BbiYanHoO

ff.,, i paspsHKeHHbIM MeXranakTu4ecknm
g ;'f ;’f *’r p rasom, MPOHM3bIBAEMbIM
i 154 KOCMUYECKUMU fnyYamu,
"G iséf : rpaBUTaLMOHHBLIMU 1
e § SNEKTPOMarHUTHbIMU NOJIAMMN.
% Borbliasa YacTb BellecTsa And Hac
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HeBuauma (TemHaa matepus). B
npuHUmne Bo BceneHHOM BO3MOXHO
CyLLeCTBOBaHWe n opyrnx
MeTaranakTuk.
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CBonHas kapTa pacrpeeneHus raiaktuk B 003ope Las Campanas Redshift Survey, nposenennom
¢ 1988 o 1994 roawl. Cpennsist niryOuna 0630pa - 30000 km/c. LCRS o6HapyxuBaeT 6oraryto
BOJIOKHHUCTYIO CTPYKTYPY, CKOIUIEHHUS M ITyCTOTHI BILIOTH 710 50000 km/c.

Mbl He B cunax yBuaeTb, Kakon 06nunk B aHHbIN MOMEHT BpeEMEHU MMeeT Hala MeTaranaktuka: Yem ganblue
HaxOAUTCA KOCMUYECKNN 0OBEKT, TeM BonbLluee npownoe obbekTa Mbl Habntogaem. ConHue Mbl BUAMM TakuMm,
Kaknm oHO 6bino 8 MuHyT 20 cekyHA Ha3ag — CTOSNbKO BPpEMEHU MOHaA00MNOCh CONTHEYHOMY Ny4y, YTOObI
npeogosieTb paccTodaHne 0o 3eMnu; bnvkanwyro cnuparnbHyto ranaktuky M 31 — Takon, Kakor oHa bbina okoro
2,5 MUNIIMOHOB NET Hasapg; KBa3apbl U caMble Janekue ranakTuky "caBuHyThl B npowwnoe” Ha 8-13 mnpa. neT.

MeTaranakTuka - aTo npegeribHas no creneHn obLHOCTN 1 06bemy, obnagatowlas CTPYKTYPHOCTBIO Ha BCEX
CBOMX YPOBHSIX CMCTEMA KOCMUYECKMX 06BEKTOB Maccoi okorno 10°2 kr, paamepamu okorno 1022 - 1024 km (=14

MApA. CB. NET) U Bo3pacTtoM [0 14 munnuapgos ferT.



WMAP

CobpaHHas WMAP (Wilkinson
Microwave Anisotropy Probe, 3anyck
30 ntoHsa 2001) no HabngeHuto
MMKPOBOMHOBOIo poHa nHdopmaums
nossonuna Kk 2006 rogy NnocTpouTb
camylo geTarnbHyl Ha CErogHs KapTy

donykTyauum tTemneparypbl
pacnpegeneHns MMKPoOBOSTHOBOIO
n3nyvyeHuns Ha HebecHown cdpepe.

Taxense
3NEeMEHTLI
0,03 %

HeiAtpuHo
0,3 %

3Beasl
05%

CeoboaHbIn
BOAOPOA W
renwi — 4%

TemHas
marepusi
30 %

TemHast
3Heprun
65 %

N3 paHHbIx WMAP onpegeneHs! (ncxons ns ACDM-
Moaenu):

Bo3pacT BcenenHon: (13,7 + 0,2)x10° ner;
noctosiHHas Xabbna: 71 + 4 km/(c/Mnk);

NNoTHocTb 6apuoHos: (2,5 + 0,1)x10~" cm—3;
OTHOLLEHMe 0BLLen NAOTHOCTK K KpuTnyeckon: 1,02 £
0,02;

CyMMapHas Macca Bcex TPExX TUnoB HenTpuHo: <0,7
9B.



Kocmonorus

Pa3denn acmpoHomuu, usydarowuli rnpoucxoxoeHue, ceoticmea u 380s1uuo BecerneHHoU.

dPusunyeckas (HabnogaTenbckasi) KOCMOMOrMs 3aHMMaeTcsl HabnaeHNAMI, KOTOpbIE AatoT
nHpopmaumo o BceneHHon B uenom. Pesynesrarbl, NonyvYeHHble BHEranakTmyeckom acTpoHOMUEN,
SIBNSAKOTCS OCHOBHbIM HabnogatenbHbIM Matepmanom Ansa KOCMOMormu.

TeopeTuyeckas KocMmornorua - paspabaTbiBaeT MOAENMN B MaTeEMaTUYECKUX TEPMUHAX, KOTOPbIE
JOIMKHbI onucbiBaTb Habngaemble cBomncTBa BeceneHHon.

TeopeTnyeckasd KOCMoNorns odblMHO OCHOBbLIBAETCS Ha ObLLEen Teopun
OTHOCUTENBHOCTK, pa3paboTtaHHoM B Hayane 20-ro Beka HeMeLKUM (prn3nkom
Anbb6eptom AMHWTEnH (1879-1955). Ha 6onblumnx pacctosHnax npeobnagatoLen
CUNoK, BO3OENCTBYIOLEN Ha BELECTBO, ABMISETCA rpaBuTaums, U, criegoBaTtesibHo,
MMEHHO OHa onpegenseT KpynHoMacLwTabHyo cTpykTypy BeceneHHon. O6wasa Teopus
OTHOCUTENBHOCTU CNOCOOHa onncaTb CBA3N MeXay NPOCTPaHCTBOM, BPEMEHEM,
BELLECTBOM M rpaBuUTaumen. QUHLLUTENH, NPUOAEPKNBAACH TOYKN 3PEHUS HE MEHSIOLLErocs
COCTOSIHMS BceneHHoM co BpeMeHeM, AN ypaBHOBELUMBAHUS CUSbl NPUTSXKEHWS, BBEN
rMNOTETUYECKME CUIbl OTTaNKMBaHUS U KOCMOMOMMYECKY NMOCTOSHHYHO - A-4neH.

B 1922-1924rr poccuncknn matematnk AnekcaHgp AnekcaHgposud ®pumamaH
| (1988-1925), pelwuas ypaBHeHNe ONHLWITENHA, BbIBEN naeto rnobanbHON 3BoMLUK
; BcenenHon, T.e. maTepus B maclutabax BceneHHom ogHopoaHa 1 N3oTpornHa U HE MOXET
Haxo4uTbCA B MOKOe - BceneHHas nnbo gormkHa cxumartbed, NMbo pacumpaTtbes. Bee
3aBUCUT OT CpeaHen NoTHoCcTU maTtepun (kputudeckas 10725kr/m3). Ho k coxaneHuio mbl
BMOUM NULb HEBONbLLYIO YacTb MaTtepun, ocTarnbHas NPeacTaBnseT HeBUOMMYIO YacTb
(CKpbITYHO Maccy), a NOTOMY OLEHUTb CPEAHIOD MIIOTHOCTbL HE MOXEM.
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ranakTukn, TeéM garnblue rajiakTuku.
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3akoH Xabbna

B 1929r 3aBuH MNoyann XABBJ1 (1889-1953, CLUA)
OTKPbIBAET KpacHoe cMeweHuUe - yBermyeHue
PaCCTOSHUA MeXay Halwlen [anakTnkom u gpyrmmm
raniakTMkamu.

KpacHoe cmeweHue (ckopocmb) eo3pacmaem
rnpornopyuoHasibHO paccmosiHUI0 00 2aslaKmuK
(koadpbpmumeHT H=75 km/(c'MnK) -noctosiHHaa Xab6na).
B 2005r nonyyeHo 3HayeHne H =(72+3) km/c/Mnk.

PacwupeHue Memaezanakmuku (c yckopeHuem)
rpoucxodum moJsibKO Ha YPOBHE CKOorlieHul u
CB8EPXCKOI/IeHUU U HEe CYLLEeCTBYET LlEeHTpa, OT KOTOPOro
pasberatoTca ranakTukn. Hadano paclumpeHms

R/(H R)=1/H=14 mnpd.nem, a pasmep Habnrogaemom
BceneHHon R=c/H=4300 Mnk.

3akoH Xabbrna nroxo BbIMOSHAETCSH U COBCEM He
BbIMONHAETCS Ansi 00bEKTOB, HAaXOASALWMNXCA Ha
paccTtosiHum 6nmke 3-5 Mnk, To ecTb Ans TeX ranakTuk,
paccTosiHUS 40 KOTOPbIX Hanbonee HageXxHo
onpenensTca 0e3 KpacHOro CMeLLEHNS.

3akoH Xabbna nnoxo BbIMOMHAETCA U AN ranakTuK Ha
OYeHb BOMbLUMX PACCTOAHUSAX (B MUNNMapabl CB.NET),

KOTOPbIM COOTBETCTBYET BenuunHa z >1.

3aBUCUMOCTb KpaCHOro cMeLleHnA OT PpaCCToOAHNA OO0 rajiaktuk



Teopusa Nopsayen BeceneHHoU

Ncxogs ns teopnn dpnamaHa B MOMEHT Hadana pacwmpeHust BceneHHon BeWEeCTBO UMENO
KonoccanbHyo nioTHocTb. B 1948 Nreoprun AHTOHOBUY NamoB (1904-1968) BblgBUraeT uaeto, 4Yto Ha
Ha4yanbHOM 3Tane BELLECTBO MMENO HE TONbKO KosloccaribHYH MAOTHOCTb, HO U OYE€Hb BbICOKYHO
Temnepatypy (Teopust bonbLuoro Bapeisa).

B 19651 6bI510 OTKPLITO KOCMUYECKOE (POHOBOE N3NyYeHUe, npeackasaHHoe [amMoBbIM, NOMYYUBLLNM
Ha3BaHWe PesiuKMoeo20 (dNeKTpoMarHMTHoe narnyyeHne sogopoda ¢ temnepatypon 2,7K),
noaTBep)XaatoLLee norioXXeHmne Kkocmonornm bonsworo B3pbiBa.

MnaHKoBCKOE BPEMA

Mcnonb3ysa 3akoHbl (OU3NKN, MOXHO MpOCHNTaTh B 0OpaTHOM HanpaBneHun Bce
COCTOSIHUSA, B KOTOPbIX Haxoaunack BeceneHHas, HaumHas ¢ 10743 CeKyHA nocne
Bonbluoro B3peiea ([MnaHkoBckoe BpeMs). Habnogaemas BceneHHas ¢ 04eHb
XOpOLLEN TOYHOCTbH OAHOPOAHA M U3OTPOIHA, U SABMSETCS reOMETPUYECKM MIOCKOMN.
3710 ABneHre 06bACHAETCS 3MOX0N KocMMYecko nHdnsALmmM (okorno 10737 cekyHa), Bo
BpeMsi KoTopon BceneHHasa paclumpunacb BO MHOIO pas.

MpnbnuantensHo ¢ 1 ceKyHAbI nocne bonbLuoro B3pbiBa matepua oxnaaunach
AO0CTaToOvHO AN1s 06pa3oBaHus CTabusibHbIX HYKIOHOB M Havarcs npouecc
nepBUYHOro HykneocuHtesa. OH gnuncsa Ao Bo3pacTta BceneHHon 3 MUHYTHI, 1 3a 3TO
£ 000 SHIAKOH, 2003 BpeMsa obpa3oBancd nepBUYHbLIN COCTaB 3BE3QHOMO BELLLECTBA: OKOMo 25% renus-4,
1% pentepus, cneabl bonee TAHKENbIX 3IeMEHTOB A0 6opa, ocTanbHoe - BOAopoA.

BceneHHas nocteneHHo oxnaxganack u vyepes3 379 000 net ctana 4OCTaTO4YHO

Crapan e vemron XOnogHoun nn{l O6pa3OBaHVIFIv atomoB (3000 K), nepenas n3 coctosaHNS nnasmbl,

" 3se3p006pazoearin Henpo3pa4vyHou A5is BorbLlen YacTy ANEKTPOMArHUTHOIO U3nyvyeHns, maTepus

nepeLuna B razoobpasHoe coCcTosiHMe. TennoBoe n3nyyeHne Tom aNoxXm Mbl MOXEM
HenocpeaCcTBEHHO Habn4aTb B BUAE PEfIMKTOBOrO n3nyyeHus. Ha aton ctagum

" B ool BceneHHas ctana npo3payvHoin ans nanyyexus. MNnoTHocTb BellecTBa Tenepb cTana

BbILLE MAOTHOCTU MU3MyYEHNS, YTO U ONPEeAENnANo CKOPOCTb paclumpeHnsa BeceneHHon.

doHOBOE MUKPOBOSHOBOE U3fyYeHUE - BCe, YTO OCTaNOCh OT CUMbHO OXJTaXAEHHOro

n3rnyyeHus paHHen BceneHHoM.

[MepBble ranakTukn Havanu opmMmMpoBaTbCA U3 NepBUYHbLIX 06nakoB Bogopoaa U

e
Bonswon Fanaxtwo Tna MnaneTHe cucTemsl

g3puie Mneuoro SRCSNCAITE  renns TONbKO Yepes OAVH Uy ABa MUnnuapaa ner.

CoBpeMeHHble NpeacTaBneHns o 3apoxaeHnn BeceneHHom



