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B 1eji0M. bénpmyo gacts mndopMmanuu, IpUBEeHHOM B 3TO JIEKIUN, MOXKHO HallTH B KHUTe
“Pajmorasiakruku u kocmostorust” [1] a TakzKke 110 CChLIKAM, IPUBEJEHHBIM B KOHIIE TEKCTA.

B coBpemennoit muTepaType OIUChIBACTCH Pl KOCMOJIOTMYCCKUX TeCTOB, CBA3aHHBIX CO CBOi-
CTBAMHU PA/IMOTAJIAKTUK W MTO3BOJIAIONINX OLEHMBATH KOCMOJIOTMYECKHE ITapaMeTphl 110 HabJIio-
maeMbiM (pu3nYecKuM XapakrepucrukaMm 00bekToB. B nepsoit sekiun “Pajmoreseckonbl B KOC-
Moytorun” |2|, MBI IpUBEJIN CIHCOK TECTOB, B KOTOPBIX €CTh OJI0K, OPUEHTHPOBAHHBIN Ha HCCIIe-
JIOBaHNs PA/IMOralakTuK. B HeM mepednciiens! cieayonye myHKThI:

® 3ABHCHMOCTDH “pa3Mep - KpacHOe CMerreHune’;

® 3aBHCHUMOCTH “TIJIOTHOCTH ITOTOKA - KPACHOE CMereHne”;

e 3asucumocts “log N — log S” (“4uC10 MCTOYHUKOB - IJIOTHOCTH MOTOKA”);
® T'DABUTAIMOHHOE JIMH3UPOBAHUE;

e (hopMupoBaHHE KPYMHOMACIITAOHON CTPYKTYPHI;

® CKOPOCTHU BpPAIlCHUA T'aJIAKTUK MW ITOUCK TEMHOIL MaTEepuu 110 JaHHbIM HeﬁTpaHbHOFO BO/10-
poza;

® BO3DaCT 3BE3JHBIX CHCTEM.

OTUM TeCTaM U MOCBHAIIEHA JTAHHAS JIEKITUI.
Y1006l pa30bparbCa C OrPAHUYEHUSMEU [IPY IPUMEHEHUN [IPE/JIArAeMbIX METO/[0B, PACCMOT-
puM cHava/ia (PU3UYECKre U CTATUCTUYECKUE CBOWCTBA Pa/MOraJaKTHK.

2 ®denomeHoJIOrUd

Haunem c omnpesesienusi, 4To Ke Mbl IOJpa3yMeBaeM II0f TepMUHOM “pajuorajakTuka’. Kak
U3BECTHO, BCE TAJIAKTUKU 00JIaIal0T PAMOU3/lyYeHUeM Pas3udHoil MoiHocTr. Vcropuyecku
B paJMOaCTPOHOMUU MPUHATO CYUTATH PAJUOTATAKTUKAMEU OOBEKTHI IPEJIEJbHO BBICOKON pa-
JANOCBETUMOCTH. OrZLHaKO C IOgBJIEHUEM YYBCTBUTEJIbHBIX parD;I/IOO630pOB " 11ocJjie 1mpoBeaeHusd
MaCCOBOT'0 OIITUYECKOTO OTOK/IECTBJIEHUS PAJIMOUCTOYHUKOB OKa3a/0Ch, YTO MOXKHO YTOYHUTD
CMBICJI 9TOr0 TepMuHa. Pajuonsiiydenre rajak THKA MOKET ObITh CBA3aHO C IIPOIECCAMU, TPOUC-
XOASAIMUMHE B /Ipe TAJaKTUKU, CO CTPYHAMHU U3 IIEHTPATHLHOTO 00bEKTa, C OCTATKAMY CBEPXHOBBIX,
¢ objiakamMu HERTPAJIBLHOTO BOJAOPO/A, W, KPOME TOr0, C MOJIEKY/ISIPDHBIMU JIMHUSIMU.

Mbe1 6y/1em Ha3BIBATH PAAMOraTakKTHKAME TaKie TaTaKTUKI, Y KOTOPBIX (1) pagmocBeruMocTsb
CpaBHUMA C ONTHUYECKON U (2) paJuoun3jydeHne CBS3aHO C aKTHBHOCTBIO f/pa. JTU OOBEKTHI,
KaK IIPpaBUJIO, ABJIAIOTCA CaMbIMMW MOITHBIMHA (He BCH])IH_[eLIHbIMI/I) UCTOYHUKAMU U3JIYyICHUA U3
M3BECTHBIX (3a UCKJII0OUeHneM caMoil BeemenHoit), 9To mo3BoJIsieT MPOBOAUTD U3y ICHUE PAiora-
aaktuk (PI') va Gosblimx Kpachbix cmenienusix (z > 1). Bamerum, yro cserumocrs PT' moxer
nocrurats 10%8 spr/c (mampumep, y merounmka PKS 0637-752 [3]). l1a cpaBHeHns, CBETHMOCTb
Buanmoit Beenennoit — 1056 apr/c. WNmenno cymiecrBoBanmne pajuoraJakTHK BbICOKON CBETH-
MOCTH IPUBEJIO K HEOOXOAMMOCTH MPUBJIEYEHNA TUIOTE3bl O CYIIECTBOBAHUNA CBEPXMACCHUBHBIX
YECPHbIX AbIP. MOH_[HOCT]) pPaauorajakKTUK I103BOJIAET MCC/IeJ0BATh UX Ha .HIO6I)IX PaCCTOAHNAX
B MerarajakTuke M HCIOJIL30BATH KaK “IpOOHBIE YACTHUILI /I HCC/IESOBAHAA (DU3UICCKUX
ycioBuit u punamuku Bcenennoii.

2.1 IlepBble OTKPBITHIE PAAUOTATIAKTUKA

st Toro, 4rodbl npencTaBuTh cebe CBOMCTBA PAMOralaKTUK, PACCMOTPUM CaMBbIE [IEPBbLIE U3
OTKPBITBIX 0OLEKTOB 3TOI'0 THIIA, OMPEIETUBIINX UX KAK HOBBIN KJIACC MCTOYHUKOB M3JIyY€HUS.
JIe6enp A wim Cygnus A (Puc.1) — camblii MOIHBI BHEraaaKTMYECKUI MCTOYHUK DPaJIUO-
u3JydeHus, pacrnooKeHublii B co3se3auu Jlebensa. Oroxaectsien B 1951 1. ¢ s/umnTudeckoii
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raJakTuKoil 16-0it 3Be3HOI BeJMYUHBI (SKBATOPHUAIBHBIE KOODJAUHATBL: (v = 197592833, § =
+40°44'02" | xpacnoe cvemenue z = 0.057, cserumocts P = 3 x 10 9pr/c), sxousuieit B co-
cTaB 60raToro CKOILJIEHUS IajJaKTUK. ['A30BO-IIBIIEBOIL C/IOW B IEHTPE TaJIAKTUKU 0DYC/I0BJIMBAET
XapaKTepPHOe Pa3/BOEHUE €€ ONTUIECKOI0 n300parKeHus.

CYGNUS A

VLA 6 CM

VLBI 1.3CM

VLBI 7 MM

Puc. 1: Pamnonzobpaxkenne ncrounuka Jlebemasr A, momydenmoe Ha VLA. [lokazama crpykTypa Ha
CEKYH/IHBIX, MUJIJIMCEKYH/HBIX U CyOMU/LINCEKYyHIHBIX MaciiTabax Ha pajguonHTepdepoMeTrpax
VLA u VLBI. Puc. Bocupoussenen u3 exerogmaoro ordera JIVE 3a 1997r.

K nacrosmemy BpeMeHH ONTHYECKUME MeTOJaMu OOHAPYKEHO WU3/IydYeHHe CHIbHO-UOHU30-
BAHHOM 1J1a3MbI B 00J1aCTH gpa rayiakTuku. ['alak Tika BpalaeTrcs BOKPYT OCH, JieKalieil B kap-
TUHHOH IJIOCKOCTH U HAIIPaBJICHHON BIOJDb IPAMOI, COeIUHLAIONICH Ba APKUX KOMIIAKTHLIX KOM-
[IOHEHTA PA/IUOU3/IYy YEeHUs. ¥ [JIOBOE PACCTOSTHUE MEXK Ty APKUMU 00/1aCTAMU KOMIIOHEHT JBONHOT
cTpyKTypbl 0Kos10 2/ (mpubnusurensao 120 Kik). Bepxnuii mpeesr CKopocTr pas/era KOMIOHEHT
pasen (.02 ckopocru cBera. B sjpe rajjakruku 00HapyKeH KOMIIAKTHBIH PaUOUCTOYHUK C I1JI0C-
KuM pajmocriekTpoM. [lotHas pajguocBeTMMOCTh JTOMUHUDPYIOIIEH B PAIMOU3/IyY€HUN JTBOWHOI
CTPYKTYPbl — MOPdJIKa 3 X 104 5pr/C U CpaBHUMA C PaJMOCBETUMOCTBIO JIBOMHBIX CTPYKTYD
MHOTHX KBa3apoB.

Tunuamnocts Jlebemsa A mpusiekaa BHuMaHue MHOrHX Tpymn. OCHOBHBIE K/IACCHIECKUE HC-
ceoBaHus OblLin poBejeHbl rpymmnoii Paitia va kpynHbix uarepdepomerpax. B pesyabrbire
ObLIM BBIABJIEHBI “rOpgvue NATHA B KOMIIOHEHTAX, KOTODbIE IIPUBE/IN UCCJeI0BaTe el K MoJie-
au “Dantist Drill” — “6op-maimne co cepsom” [4], MCXOAAIIUM U3 POJUTEIBCKON IaJIaKTUKK
U YTHIKAIOIIUMCH B TOpdYHe MITHA KOMIOHEHT. DTa Mojeib 1965 1. 1o cyIecTBy CoxpaHeHa u
CErO/IHSI.

Ilentasp A (Centaurus A, NGC 5128) — paauouncrounux B co3pesuu Llentappa (o = 137252756,
§ = —43°0109", 2=0.001825, P ~ 10*25pr/c), Guuxaiiias Kk HaMm pajuoraiakTuka (paccro-
guue 10 Hee okoyo 4 Mmk). lamakruka mveer cdepoumanpuyo dopmy (Puc. 2), pasgenenmtyio
[IOTVIOIIAIOIINM CBET 3BE€3/ I'a30BO-IIbLIEBBIM JIUCKOM, HA0/II0[aeMbIM TpakTudecku ¢ pebpa. Ien-
TaBp A COMEPKUT MPOTIKEHHBIN PATUONCTOYHNK, KOTOPBIN MPEACTAB/IIeT CODOM CTapyio, CH/Ib-
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Puc. 2: Cnesa: pagunomsobpazkenne ncrounnka llenraBp A ma maune Bosmer 21 cum |5]. Cropasa:
OIITUYECKOE N300pakKeHne POAUTETbCKOM raJakKTHKY 110 JaHHbIM onrdpoBantoro Ilajiomapckoro
Arnaca (Digitized Sky Survey — DSS), pazmep onruueckoro n3obpazkenus: 31x317.

HO PaCHIUPUBIIYIOCs CTPYKTYpPy. O0Ias NPOTIKEHHOCTh UCTOUYHUKA BJIOJIb OOJIBIION 0CH OKOJIO
500 krik. Kpome mpoTszkeHHO? KOMIIOHEHTBI B MEHTPAJIBHOI 00/1aCTH (B Ipeeax OmTHIeCKOro
1300paKeHNsl FaJIaKTUKM), UMEETCsl JBOHHAS PAJMOCTPYKTyPa C PACCTOSHUEM MEZXKJLy KOMIIO-
HeHTaM# OKOJ10 12 Knk. B camoMm menTpe ramakTuku (B ee siape) HAXOAUTCS OUeHb KOMITAKTHBII
PaJuOnuCTOYHUK, UHTECHCUBHOCTDb U3JIyYCHUA KOTOPOT'O PE3KO PACTET C YMEHbINCHUEM JIJIMHBI BOJI-
HbI B CAHTUMETPOBOM U MUJIJTUMETDPOBOM JiMana3oHax PajauocBeTuMoCTh HPOTHAKEHHOTO PaJIfo-
ucrounnka — okoso 1042 spr/c, a sak/mouennas B Hem sueprus — okoso 1059 spr.

Hesa A (Virgo A, NGC 4486, M 87) (Puc. 3, 3) — paanoncToOYHUK CPABHUTEIHHO HEOOJIBIIOi
paamocsermvoctu (~ 1042 spr/cex), npunasyiesxampumit maccusroit E-ranaxruke (o = 1273074934,
§ = +12°23'28”) 2=0.00436) Tuma cD B nmeHTpe CKOIIEHUS TAJTAKTUK B CO3Be3aum /leBbl Ha
paccrosinum 0kos10 18 Muk. ¥V nenrpa (s1pa) rajaktuku HabJII01aeTCst OJHOCTOPOHHUTT BHIOPOC
semectBa (“1Ker”), u3/ydeHre KOToporo uMeeT CMHXPOTPOHHY O Ipupoy. Beibpoc umeer jajmmny
okos10 20" myru (nopsaka 1.5 knk). O pasbusaerca Ha OTJAETbHBIE CTYCTKU (y3/IbI) W H3/TIy9aeT
HE TOJIBKO B PaJan0, HO U B OIITUYECCKOM JAHAITa30HE.

Puc. 3: Onrmaeckoe nzobpaxkenne pagnoragaktukn esa A mo mamubsim DSS

Pagmoncrounnk ITeunr A (Fornax A, NGC 1316) (Puc.5) (a = 0372274157, § = —37°12/30",
2=0.005871), maxoaammiics na nepudepun GEJIHOrO CKOILUIEHUS TAJAKTHK, COCTOMT U3 JIBYX
OOJIBIINX KOMIIOHEHT, HMEIOIINX CA0KHYIO CTPYKTYpy pasdmepoMm okojo 200 KK KaxK as, IIOI-
NUTHIBAEMbIX JizKeramu. [Ipuunna Boigesenns sueprun B nearpe NGC 1316 — causiaue (mep-
JKUHT), a TOUHee “moemanne’ HeOONBIINX COCETHUX TAJTAKTHK. YIapHBIE BOJHBI U OCTATKH IO-
[VIOMIEHHBIX TAJAKTUK CO3/AI0T KOJIBIEIOHM00HYIO CTPYKTYPY U JPYrue OCODEHHOCTH B OKPYKa-
formeM BerecTe. CompasibHas TaJakTHKA Ha CeBepe MOXKET OBITH CJIeLYIOIIeil XKepTBOil TaKOro
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Puc. 4: Pajguousobpakenusi ucrounuka esa A ¢ paziumunbiM paspeuienuem. Pajguonsobpazke-
Hue Ha JjiuHe BojiHbl 90 CM [103BOJIIET yBUJIETH CTPYKTYPY “Hy3bIpeil’, B KOTOPBIX 3apPErucTpu-
POBAHO PEHTTEHOBCKOEe u3jydenue. JApkue “nepbsi’, m3jydaeMble U3 BHYTPEHHUX KOMIIOHEHT,
[MOKA3bIBAIOT, YTO TaJj0 SBJISIETCH “YKUBBIM U IOJIIUTHIBAETCH dHEprueil u3 1eHTPaJIbHONl Yep-
HO# apipbl. V300pazkenus ¢ jiydmum paspemenneM (Ha 2 ¢M paspemenue 2 KIK) [M03BOJIAI0T
YBUJIETH CTPYKTYDPY J[2KeTa, COeIMHSIOIIEr0 ApKOe siJIpo u ropsivee ngrHo. Ha mzobpakenun,
nosydenaom Ha 18 cm ¢ momompio VLBI cucremsbl, jymnaa BuguMoro mkera cocrapiser 17 1k,
Ha 1.3 cM — 2.5 nk. Pa3dMep HepaspemeHHBIX meTasieil B TOUKe Hadaga JxkeTa cocTaBageT 0.1 mk
(1/3 cB.rozma), aro B 100 pa3 Gosblire pa3Mepa YepHOI IbIPHI, MUTAIONIEH 9Ty cucremy. PucyHok
BOCIIPOU3BE/IEH C JOMaIllHel cTpaHuiibl HanroHabHON PainoacTPOHOMUYIECKON 0bcepBaTopun
CHIA (http://www.nrao.edu).

rajJlaKTU4ecKkoro “kapnudaanima’.

2.2 Kiaccudukamnus pagnorajakTuK

Cuiepytomuii BaxKHbI MOMEHT — Kaaccudukanyst pajauoratakTuk. MoxKHO BbIIEIUTH JIBa M0J1-
X0/1a B KJIACCU(DUKAIMN BHETAJAKTUICCKAX PAJTUONCTOIHUKOB: (1) MO BHIYy HEmpPEephIBHOIO pa-
quocnexkTpa u (2) o paguocrpykrype (mopdosornueckas kiaaccudukanus, no100Has 6oTaHu-
YECKOI).
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Puc. 5: CneBa: paguonsodors! ucrounuka [leus A ma mauwe Bosus 11.3 cm mo manmbiv [aprepa
u IIpaiica u3 paborer Moddera [6]. Illrpuxamu 110kazaHo Halpas/ieHUe BEKTOPA HOJIAPU3ALUN
HETEIJIOBOI0 KOHTHHYAJIbHOrO pajuousjydenus. CrupaBa: Ouruydeckoe n3obpakeHue pauora-
sgakTuku ITeus A 1o pannbim DSS.

2.2.1 PaagmocnekTpsbl

Panmocmekp HCTOYHHKA OTpaxkKaeT MEXaHW3M PaJuOU3/IydeHHsl M, COOTBETCTBEHHO, IIPHPOLY
caMoro O6136KT3,. CpeﬂI/I OCHOBHBIX MEXaHW3MOB HEIIPEPbIBHOI'O I/I3J'IyquI/IH B paJuo/ualia3oHe
MOXKHO BBIJEIUTH JBa: TEILIOBOE DAJHON3/IydeHre HOHH30BAaHHBIX 00JIAKOB M CHHXPOTPOHHOE
I/I3J'IyquI/Ie PEIIATUBUCTCKUX JICKTPOHOB, ILBH)I(yHLHXCH B MAI'HUTHBIX ITOJIAX. TeHJIOBoe paano-
U3JIyIeHne MEeXK3Be3HbIX 0071aK0B 00yCIOBIEHO CBOOOTHO—CBOOOTHBIMI IIEPEXOIaMU B OCHOBHOM
B BOZOPOAHON 1ra3zme. Takume mepexojbl COBEPINAIOTCS MPHU MPOXOXKAEHUHN 3JEKTPOHOB B IOJIE
HOHOB. [lepBble HCIOBITHIBAIOT YCKOPEHHE M, CJIeJ0BATE]bHO, H3IYyIafoT. A HCTOYHUKOM H3JIyde-
HUA ABJIAETCA TeIlJIOBasd JHEPIrud 3JIEKTPOHOB.

HeremoBoe (cuaxXpoTpoHHOE) N3y deHne HAb/II0AeTCs Y BHETATAKTHIECKIX Pa/IMONCTOTHI-
KOB, B OCTaTKaX BCIIBIINICK CBEPXHOBBIX N KaK (bOHOBOG I/IS.HyLIeHI/Ie HaIIen FaﬂaKTHKH. rZLeTa;.Hb—
HYIO TEOPHIO B IPUMEHEHHH K acTpopU3MIeCKuM 00beKTaM MOXKHO HaiiThu B KHurax ['mH30ypra
u CeipoBarckoro |7|, Ilaxonsuuka [8] Kemrepmana |9, 10|, Curxporponuoe ussiydenne HaOJIO-
JaeTCA y QJICKTPOHOB, ,D;BI/I)KyH_[I/IXCH C PEeJIATUBUCTCKUMU CKOPOCTAMU B MAI'HUTHOM IIOJIE IIO
CIHPAJIbHON TPAaeKTOPHH, HAMATBIBAOIIEHCS Ha CHIOBYIO JIMHIIO II0JIs. Pacipeneienne sHeprun
9JIEKTPOHOB C TOKA3ATEJIEM Y, COOTBETCTBYIOMIEE CTEIIEHHOMY 3aKOHY

N(E)dE = KEdE,

MPUBOJUT K W3JTYIEHUIO CO CIEKTPOM CTEMeHHOro Buma S ~ v, rae S — IIOTHOCTH MOTOKA, V
— YACTOTA, & CIEKTPAJIbHBIN WHIEKC (¢ CBI3aH C IIOKA3aTe/eM 7Y COOTHOIIEHHEM

a=—(y-1)/2

Ormerum, aro npubiauxkenue S ~ v® cupapegmuBo juiib npu v < 1. [lpu cuHXpOTPOHHOM
U3JIy9eHUN [JIOTHOCTH MOTOKA IA/IAeT C POCTOM YaCTOTHI.

Cy1ecTByeT HECKOJIBKO MOXOXKUX KJIACCU(DUKAIMOHHBIX TUIIOB HEIPEPBIBHBIX Pa/MOCIEK-
TPOB, OCHOBaHHBIX Ha padore |11]. CruekTpsl GOMBIINHCTBA PATHOUCTOIHUKOB MOTYT OBITH IIPe/I-
CTaBJICHbI CTaHJaPTHBIM CTEIICHHbIM 3aKOHOM. 9Ta 3aBUCUMOCTH B J'IOI'a,pI/ICbMI/ILIeCKOM MacCIliTa-
6e (x = logv,y = logS) omuceiBaerca upsmoit nuaneit y = A + ax, rme v — gactora, u A
— HeKOTOpbIi Ko3dduiiuent. B ciiyyae CHHXPOTPOHHOIO MEXaHW3Ma, M3JIyY€HUs CIEKTp Oyiaer
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cuasaroruii. Ecu criekTp Bo3pacTaer, TO OH HA3bIBAETCs MHBEPCUOHHBIM. CIIEKTD MOYKET OTJIU-
YaThCs OT MPSIMON 110 IPUYMHE JIN00 PA3INIHBIX MEXAHU3MOB TOTVIOMIEHNSI, JIT0O M3-3a, CJ0YKHOI
CTPYKTYPbI UCTOYHHMKA, KOI/Ia Pa3Hble KOMIIOHEHTHI JIAI0T PAa3HbIN BKJIA/ B CIEKTD, JIn0OO n3-3a
[y TAHUIIBI C JPYTUMUA UCTOYHUKAMU, IIPOSIBUBIIUMUCH B HAOJIIONEHUSAX HA JAPYyTUX [JIMHAX BOJIH.
Kpowme Toro, HakJiOH ClIEKTPa MOXKET MEHATHCS CO BPEMEHEM, KAK 9TO IPOUCXOIUT Y ITEPEMEHHBIX
paaunoucrounukoB. Ha Puc. 6 npuseiensr paziundibie (hOpMbl HEIPEPHIBHBIX PAIHOCIEKTPOB JIJIs
HekoTOpbiXx 00bekToB. IIpu nccieqoBanny paguoraJakTuK CyIIeCTBEHHBIM MOMEHTOM $IBJIS€TCS

10" & E
= I 3C Y4B ]
> - E
@ - 3C 295 ]
@ - ]
S - ]
=) I ]
5 10°
e YCc+58.17

PMN J1228-1052

Frequency [MHz]

Puc. 6: [Ipumep criekrpos pajguoucrounukos: 3C 446 — nostoruit, PMN 1228-1052 — ysibrpakpy-
roit, 4C 58.17 — BoruyTsiit, 3C 295 — BBITYKJIbI.

KPyTU3HA CIEKTPA PaJMOUCTOYHUKA, OIpeje/idgeMas [0 CIeKTpaabHOMY uHjekcy. CrekTpaJib-
HBII WHJIEKC BOODIIE OIPeIe/IgeTCs 10 HAKIOHY KACaTe/JIbHOM K HEIPEPHIBHOMY Pa/IUOCIIEKTPY Ha,
3aJIaHHOI YacToTe B JiorapudMudeckoil mkasie. B 6osbinHcTBe PaboT ero onpeessioT Judo 1mo
JIAHHBIM JIMHEHHOM AIIPOKCUMAIUU CIIEKTPA, JAu00 M0 ABYM MIMPOKO PA3HECEHHBIM YaCTOTHBIM
u3MepeHusM (HampuMep, 110 JaHHBIM U3MepeHui Ha JauHax BoaH 6 u 21cm wim 21 u 85 cm).
Taxkoit ciocob xorst u He sABAIeTCHd aADCOJIOTHO BEPHBIM, HO JIAET IIPEACTABATEIbHYIO KaAPTHHY
saBeHNd. B caydae TUHEHHON aNIpOKCHMAIIN CIEKTDP CINTAETCSI KPYTHIM, eCIN CIeKTPaIbHBII
unjieke o < —0.5 u yaprpakpyreim npu o < —1.0. Cuekrp cunraercs: II0CKUM B CJIydae, KOrjia
0>a>-05 (S ~vY).

C camoro Hava/ia BHEraJaKTHYECKOU Pau0aCTPOHOMUU U3YUEeHUE CTATUCTUYECKUX CBOICTB
CIEKTPAJIbHBIX WHIEKCOB 3aHUMAJIO BAXKHOE MECTO B HCCJEA0BAHUAX. TaK, ObLIO 0OHAPYKEHO,
YTO [/ PAJIMOUCTOYHUKOB HU3KOYACTOTHBIX 0630POB CIIEKTPHI OoJiee C1abbIX pauouCTOYHIKOB
B CPEJIHEM KPYy'de, YeM y CUJIbHBIX pajuouctodnukos [12, 13, 14, 15]|. Veesunuenue cpejHero 3Ha-
eHNd CIEeKTPAJIbHBIX WHIEKCOB PAJNOUCTOYHUKOB C YMEHbBIIEHNEM UX ITOTOKOB CBA3BIBAJIOCH C
YBEJIMYEHUEM CPEIU HUX YUCJIa PAIUOUCTOUYHUKOB € DoJsiee KPyThiM ciuekTpoMm. Ha nasuyane kop-
PeIAnn MeXKAY CHeKTPAJbHBIMUA WHIEKCAMHI PAJANONCTOYHUKOB U UX MOTOKAMU YKA3bIBAIOCH I
pasee [16, 17].

Lpyras craTuctudeckas KOppeJdnns, O/IM3Kasd 3aBUCUMOCTH “CHEKTPAJIbHBIN HHIEKC — pa-
JIMOCBETUMOCTD”, JIa€TCsd COOTHOLLIEHUEM ‘‘CLIEKTPAJIbHbIA MHJIEKC — KpacHoe cMelleHue’. 1o
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COOTHOLIIEHNUE $IBJISE€TCA OJHUM U3 KJ/IIOUEBLIX DU IIOUCKE M UCC/IEOBAHUN JATEKUX PAaJHOra-
JIAKTHK, K 4eMy Mbl elle BepHeMcs Huzke. Kak Ob110 00HAPY2KEHO, CPeJJHUIl CIIeKTD Jlst BHEra-
JAKTHIECKUX UCTOYHUKOB KpYyde, UeM [is IaTaKTHIeCKHX, B TO BpeMs KaK /s HEOTOXK/eCTB-
JICHHBIX UCTOYHUKOB OH emle Kpyde. IToxoxkue uien B jasbueiinem Obuiu pasBuTbl B paborax
Biromenrasnss u Maitn [18] u Taitienca u ap. [19]. Onu craiu BazKHBIM CeJIEKIMOHHBIM (DaK-
TOPOM BBIJICTICHUS JTAJTeKUX PajJuorajakTuk y psga rpymm [20, 7, 23, 24, 25, 26, 27, 28, 29|.

2 T T T T T
1 | %ooo °© i
0
- O0r .
=
[
2
s ~1r ° i
)] .
_2 L A ° i
_3 1 1 1 1 1
0 1 2 3 4 5 6
Z

Puc. 7: BaBucumocts «(z) (“crieKTpasbHbLil HHIEKC — KpacHoe cMmernenne”) s BEIGopKy 2442
nasteknx (z > 0.3) paguoranaxrux [30].

2.2.2 Mopdoaoruveckasi Kjiaccudukalus paguorajakTuK

[Ipu u3ydenun pacmpeeseHnss PaJuosSpKOCTH Y TaJIaKTUK MOXKHO BBIIEINTH PA3JIUIHBIE MOP-
donormaeckne 0COOEHHOCTH:

® /[P0 — KOMIIAKTHAdA CTPYKTYpa, HepaspelunMas Ha maciarrabax pasmepom < 021, coBma-
JlaeT C g4JpOM B OITHKe, UMeeT IJIOCKUN WU CJI0XKHBIN paJiuoCIeKTD;

e uporsizkenHbie cTpyKTypbl (radio lobes) — nporsizkennble 061aCTH PAMON3IY Y€HUS, B OC-
HOBHOM, C KPYTBIM PaJIMOCIIEKTPOM, MOTYT UMETh PEISTHBUCTCKOE yspUeHre/0CIab/IeHne;

e JKeTbl (CTPyHU) — TOHKHE U KOHYCOOOPA3HbIE CTPYKTYPbI, CBA3BIBAIOIIUE /IPO ¢ BHEITHUMY
obacTamu;

e ropsune naraa (hot spots) — MakCHMyMBbl HHTEHCUBHOCTH, PACIOJIOKEHHBIE BO BHEITHUX
peJiesiax MpOTSAKeHHbIX CTPYKTYP Pa/MOUCTOYHUKOB;

® y3JIBI — 00JACTH YSIpUeHHUs B IKETaX;
)

® rajl0 — NPOTsIzKEeHHAst 00/1aCTh Pajuons/rydenus (PajMOKOKOH), OKPY2KaloNas PaJiuora-
JaKTHUKY (Hampumep, Kak y pajauoraisaktuku lesa A).
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Kpowme mpuseiennbix Mopdo/ioruieckux 0COOEHHOCTE, eCTh U JAPYrue, TaKhe KaK Iepbs, XBO-
CThbI, MOCTBI.

Wcronp3yst 0cOGEHHOCTH CTPYKTYPBI U PACIPE/IEeHIs PAIUOIPKOCTU [ijisi 57 00bHEKTOB Ka-
rasiora 3CR, ®@anapes n Paitin [31] BBesn kiaccudukanuio 1poTszKeHHbIX PAJMOUCTOYHUKOB,
pa3bus mx ma aBa kiacca. [lepsoiii Tun paguorasmakruk (FR I) umeer pacupenenenune pajano-
ApKOCTH, crajaoree K kpagMm ucrognuka (Puc. 8), sropoit Tun (FR II) umeer pacupezenenue,
KOHIOEHTPpUDPYIOIIEECAd IMPEMMYIIIECTBEHHO B 6OKOBI)IX KOMIIOHEHTaX C I'OpAYMMU IIATHAMM. FOBO—
pg 6ojiee cTporo, pasjie/ieHue Ha J[Ba KJIacCa MIPOUCXO/IUT C UCIIOIh30BaHUEM TapameTpa Rpp —
OTHOIIIEHUS PACCTOSIHUST MEXK/y 00JiacTaMu HAUOOJIBINEH TOBEPXHOCTHON SIPKOCTH Ha ITPOTUBO-
[IOJIO2KHBIX KOHIAX T'aJJaKTUKK WJIK KBa3apa K MOJIHOM IPOTIKeHHOCTH UCTOYHUKA 10 ciabeiiieit
uzodorel Ha Kapre. Ucrounuku ¢ Rpr < 0.5 6buin oraecenst @anapesoim u Paitin K mepBomy
KJIaccy, a uctounuku ¢ Rpp > 0.5 — Ko BropoMy Kjiaccy. BbLio Tak:ke obHapyKEHO, YTO MOYTH
BCE NCTOYHUKU CO CBETUMOCTBIO

L(178 MI') < 2 x 10%hy9o 2 Br [y tep™!

OTHOCHJIUCH K TIEPBOMY KJIACCY, B TO BpeMs Kak 00Jjiee spKue HCTOYHUKYM OTHOCUJINCH KO BTOPOMY
KJaccy. ['parnma mo cBeTUMOCTH MeXK Ty HUMU He BCerJa CTpOras U CYIIECTBYIOT IEPEKPHITUS B
ceerumocTu 06bekToB, orobpanubix Kak FR I u FR II na ocnoBanuu ux cTpyKTyphl.

Radio Galaxy 3€31
VLA 20cm image

Radio Galaxy 3€219
VLA 20cm image
Copyright (c) NRAO/AUT 1999 Copyright () NRAG/AUT 1999

Puc. 8: Cnesa: uzobpaxkenue pajuoraiaktuku 3C 31, orHocsmelics Kk kiaccy FR 1. Cupasa:
uzobpazkenne pasguoranakTuku 3C 219, ornocarieiica k kyiaccy FR 11, Pucynku Bocripousseienb
¢ caiira http://www.cv.nrao.edu/~abridle/images.htm

Ucrounukn tuna FR I wacto (HO He Bcerga) 0TOXKIECTBIAIOTCS C SPKUMHE OOJIBIIIMI TajIaK-
rukamu (E, D uau ¢D), koropbie numeror 6oee miockue npoduin B pajuaibHOM PACIIPEIeJIeHuI
SIPKOCTHU, 9eM CPEeJIHSIS DJIIUITUYECKAS TaJIAKTUKA. DTU OOBEKTHI 9aCTO PACIOIAraforcs B 00-
raThbIX CKOILIEHUSIX C PEHTIEHOBCKMM Ta30M. Ecjiu rajiakTuka JBUKETCS dYepe3 CKOILJIEHUE, TO
ra3 MOzKET CHOCUTBHCA Ha3a/ U UBMEHATHL PAJUOCTPYKTYDY .HO6OB])IM AaBJICHHUEM, 9TO O61)HCH5{-
€T MPUYUHBI IOSgB/JIEHUS UCTOYHUKOB C Y3KOYTOJIbHBIM WJIM IIAPOKOYTOJIBHBIM XBOCTOM CpEIH
00'bEKTOB ITOI'0 KJIACCA.
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Ucrounmku tuna FR II B 0CHOBHOM OTOXKJIECTBJIAIOTCA C TUTAHTCKAMU SJIAITHIECKIMU
ranakrukamu. Cpejusisi abcostornas sesmunna, <Mp>——21.8 (Hy = 100 kmcex™! Mk 1)
HECKOJIbKO sipue 3uadenus M, B dyuknnm cserumoctu ramakrtuk Illexrepa 32|, ma xoropoit
YUCJIEHHAY IIJIOTHOCTH I'a/IaKTUK HaUUWHAET IIOKA3bIBATbhb SKCHOHGHU;I/IELJH)HBII?I CIIa/JI. Bﬂaro,zgapﬂ
OOJIBIITUM PA3JIMIUAM B IPUPOJE POJUTEIbCKUX TAJIAKTUK U OKPYy2KeHusi ucTouHukoB Tuma FR I
u FRII, ux Boojine M0xKHO ObLIO OBl paccMaTpUBaTh KaK Pa3/UdHbIE TUIBI 0OLEKTOB, HE CBs-
3aHHBIE JPYT C APYTOM OJHON 9BOJIIOMMOHHON MOCIe10BaTe/IbHOCTBI0. OJJHAKO 9T0 3aKII0YEHUE
HE MMOATBEePXKTAETCS IPU PACCMOTPEHNH OMBAPUAITMOHHON KIACCH(MUKAIIMH, OCHOBAHHON HA JTHa-
rpaMme “pajuoMOITHOCTh — 3Be3[Hasl BEJTUINHA .
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Puc. 9: BuBapuanuonnast kjraccudpukalus pajuorajakruk, npejoxentnas Oysnom u Jlegioy
[33]. TIo ocsim ornoxkenbl abcostoTHas 3Be3/Has BesnunHa B Guibrpe R (B cucreme Besmunu
Ms, 5) u paguocserumocts Ha gactore 1400 MI'm.

Kaccudukarua paguoraiakruk mo Panapesy u Paiiyivn 3aBUCUT OT paitoOCBETUMOCTH: H0/Tb-
LIMHCTBO FAJIAKTHK sipue, deM 2x 1020 h100_2 BrIly™! cp~! ma 178 MT 1, SIB/ISIOTCH HCTOUHUKAMHE
tuna FR II, B To BpeMs KaK HCTOYHUKHN C MeHBIIEel CBETUMOCTHIO IpuHaIexkar kiaaccy FR L
Pazenenune mex 1y nByMsi KjaaccaMu CTAHOBUTCH OYEBUJIHEE, €CJIU PACCMATPUBATL PACIIPe/Ie/ie-
HUE 3TUX 00BEKTOB B 3aBUCUMOCTHU OT JIBYyX IIapaMeTPOB: PaJUOCBETHMOCTA U OT OITUYECKOI
abcosrroTHOM 3Be3HO0# Besmumnabl. Kak Bugano u3 Puc. 9, 0b6a Tuna rajakTuk pacipeiesieHbl B
HMINPOKOM IUAIIa30HE 3HAQYEHUI OTUYECKON CBETHUMOCTH. BO.Hee APKUE paJuOorajliaKTUuKu MMEIT
TeHAeHuo nonagarb B obsacts FR II rasakTuk, XoTa pasieseHne MeKIy MHOXKECTBAMH II0
ocu pajuocBerumMocTu He crporoe. Tem He menee, sICHO HAOJIIOIAETCH AUATOHAJIBLHOE DPasjiesie-
HUE THUIIOB, KOTOPOE IOKA3bIBAET, YTO PAJMOCBETUMOCTb HA I'DAHUIE MEXKJy KJIACCAMU PACTeT
BMECTE C ONTHUYECKON CBeTUMOCTHIO. Kcjm JaByMepHOe pacipejiesieHne TOYeK CIPOEKTUPOBATDH
HA OCh PaJIMOCBETUMOCTell, 062 TUIA raJaKTHK OCTAIOTCH PA3JIEJEHHBIMU, XOTS U C HEOOJIbIIIIM
[IEPEKPBITUEM HA I'Danuiie. ['paHUId MMEeT HAKJIOH — YTOrOBOPUT O TOM, YTO PA3HbIE KJIACCHI
00bEeKTOB “3HAIOT” O CYIECTBOBAHUU JAPYT npyra. Ml yKaspiBaeT Ha TO, YTO KJACCHI CBA3AHbI, T.€.
MOI'YT HPHUHA/JIEZKATH OHOM SBOJIIOIMOHHON IOC/IEI0BATE/ILHOCTH.
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3 Kocmouiorug

ITepes Tem, Kak nepeiTu K KOCMOJIOTMYECKMM TecTam, ormerum jsa momenta. (1) B snoxy
TOYHOIO u3MepeHus (PIYKTYAIUil PETUKTOBOIO U3JIydeHUsd, U, CJAeI0BATE/IbHO, TOYHBIX 3HAYE-
HUIT KOCMOJIOMMYECKUX H1apaMerpos [34], BOBHUKaeT BOLPOC, HY?KHO JIM IIPOBOJAUTH HOBbIE 11PO-
BEPKU KOCMOJIOTMYECKON MOJIE/IH, KOIJIA KOCMOJIOTHsI PerieHa. 3eCh MOJIE3HO HAOMHUTD, YTO
JIeTaIl MOJe/IN (HAIPUMeD, CBA3aHHBIE C SIIOXON PEHOHHU3AIUU I (DOPMUPOBAHUEM KapJId-
KOBBIX T'aJIAKTUK—CILyTHUKOB) TPEOYIOT JOIOJHUTEIbHBIX uccaenoBanuii. (2) Taxke korma mbl
3HAEM KOCMOJIOTHYECKYIO MOJEJIb, MOXKET OKa3aThCdA, YTO CyIIECTBYIOT IIPOIYIICHHBIE ITapaMeT-
PbI, OolpejessieMble 110 HE3ABUCUMbBIM M3MEPEHUSAM, KAK 3TO CAYYMJIOCH C IJIOTHOCTHIO TE€MHOM
9HEPIUU B KOHIIE IIPONLIOro Beka. [[03ToMy MBI TOBOPUM, UTO yCTAHOBJIEHHAS KOCMOJOTHIECKAS
MO/I€JIb JI0JIZKHA ObITh co24ac08akHot. VIMEHHO 31eCh 1TOMOIYT HE3ABUCUMbIE KOCMOJIOIMYECKHE
TECTHI.

[Ipunsaras celfivac cranmaprHas KOCMOJIOTMYECKAas MOJe/b Da3upyercd Ha HECKOJIbKUX (PyH-
JIaMEHTAJIbHBIX (haKTaX:

e xumuueckuii cocras Beenennoii: ~75% H, ~25% He, + 0.01% (Li + Bce ocranbhoe);
® CylIECTBYeT PEIMKTOBOE M3JlydeHHre U ero (JiyKTyaluu;

e uMeercs KpynHoMacmTabHas crpykrypa Bcenennoir;

e Bceyennas pacumpsieTcs, yCKOPAACh.

Bce stu dakrsl ommceBaorca B paMkax Kocmostorndeckoil Mogemn ACDM ¢ momuumpoBannem
reMHoi#i sHepruu (A—aien) u xouoxHoi remuoit marepun (Cold Dark Matter — CDM). Ilpu sTom
BO3MOXKHBI PACIIHPEHUs MOJIE/IH, 3a/1aBaeMble JOMOTHUTEIbHbIME TapamerpaMn |34]. Taxum 06-
pa30M, COBPEMEHHbIE TeCThbl IPU3BaHbI 1PoBepUTh cran aprayio ACDM—-kocmosornyeckyo Mo-
Jle/lb Ha, COIVIACOBAHHOCTH C HE3aBUCUMbBIMU HABJ/IIOATE/ IbHBIMK JAHHBIMH.

3.1 PaamorajakTnKm Kak KOCMOJIOTHYECKUE pPemnephbl

st ucciaenoBanus cBoiicte Beesiennoit B pasjindnble 3M0XU 1€7€CO00PA3HO UCIO/Ib30BATH 00b-
€KThbI C OZJMHAKOBbIMH (I/IJII/I HperD;CKaByeMbIMI/I) CBOMCTBaMU Ha PA3JIMIHBIX KPACHBIX CMEIICHUAX.
Opiiu u3 HauboJIee MOAXOAIINX TUIIOB 00beKTOB — pajuoraiakTuku. Kak ormeqan lxxum Kon-
mou B 90-X roax, MPaKTUYIECKN BCE TAJIEKNe PAJUOTATAKTUKE y2KE 3aPErnCTPUPOBAHBI B 0030pe
GB6 (6 cm, 18 mm) [35]. 11 sro Bmosme 00bsicEuMO. OCODEHHOCTH BO3HMKHOBEHNS MOIIHBIX
Pa/IMOra/lakTUK CBsA3aHa ¢ ObICTPbIM (POPMUPOBAHMEM CBEPXMACCUBHBIX YepHbiX jabip (CMYT),
00ecIevnBaIONUX 3aKUTaHNe siPKOI0 UCTOYHUKA B pe3ysibrare Mepikuuara. llpuyem naaudne
CMY]I ¢ maccamn > 103M) na z ~ 6 u npsivoit (1o nesumeiinoit) csssu Mexy maccoit 11 n
CBETUMOCTDHIO PaJMOraJaKTHKH [IPEOCTAB/IsIeT BO3MOXKHOCTD HAD/IIOATh TAKUE TajJakKTHKH Ha
CYHIECTBYIOIINX 3€MHBIX TEJIECKOTIaX.

ObstacTu MEpKUHTA, KAK [IPABUJIO, HAXOAATCH B C(OOPMUPOBABIIUXCA WX (POPMUPY FOIITUXCS
CKOILJIEHUSX TAJIAKTUK, ¥ TAKUM 00PA30M IO IOJIOKEHUIO JAJEKUX PAJIUMOTAAKTUK OIPEe/IA0T-
Cst y3Jibl KpylHOMACIITabHO#M CTpyKTypbl Ha bosibiiux 2. T.e. pajMorajak THKU MOI'YT UCIO0JIB30-
BaTbCs KaK pPelepHble TOYKHU B Pa3/IndHble KocMojiornydeckue smnoxu. Camas jajiekas n3BecTHAsS
paJiMorajiakTuka umeer kpactoe cmemienue z = 5.19 [36]. 1I 1o ouenkam aBropoB umeer IeH-
TpaspHyo 11 Maccoit mopsgaka sz’mlOgM@. Kpowme Toro, y Hee nMmeeTcsa 3Be3qHOE HaCETEHUE,
COOTBETCBYIOIIEE SJIIMIITUYECKON TraJlaKTHUKe. OTME‘:TI/IM7 YTO I'aJlJaKTHUKKW KaK 3Be€3/IHble CHUCTEMbI
JIOCTATOYHO yBEPEHHO OOHAPYKEHbI y2Ke Ha z = 8.55, korja Bo3pacT Bceemennoit cocrasisit 600
wuta.giet. Hampumep, rasakruka UDFy-38135539, npaBia, TOJBKO C OJHONW OTOXKECTBJIECHHOM
nunueii, u3 paborst |37
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Puc. 10: Kpyuubie Tesieckoribl, yaacTByiomnue B HabJomennsx mo nporpamme “Bosbmmoe Tpuo”™
ciea HanpasBo — paguoresneckonsl PATAH—600 (CAO PAH) u VLA (HPAO, CIIA) u om-
ruueckuii 6-m reseckonr BTA (CAO PAH). Pucynku Bocnpoussenenbl ¢ caiiToB o6cepsaTopwmii:
http://www.sao.ru u http://www.nrao.edu.

3.2 IIporpamma “Boubmioe Tpuo”

CymiecTByer HECKOJIBKO MPOrPpaMM CeJIEKIUHU JAJIEKUX PAJUOTaIaKTUK JIjis UCCJICIOBAHUST 9BO-
JIFOITMOHHBIX CBOMCTB KaK CaMHX 00bEKTOB, TaK 1 BcemeHHoil B 11e/10M. 31eCh MOYKHO YIIOMSIHYTH
paborsl [20, 7, 23, 26, 36].

B CrenuanbHoit acTpodu3ndecKoii 00cepBaTOPUN TAKKe IIPOBOIATCS UCCJIETOBAHNS IO ITOUC-
Ky 1 U3y4EHUIO JAJIEKNX PAJUOraJIaKTUK, 00bernHeHHbIe 00IuM Ha3BaHueM mporpamma “BoJib-
moe Tpuo” |24, 25, 27, 28, 29, 38, 39|. Llesp mporpamMMbl — HCCIEOBAHUE DAJTHOTATAKTHK,
obHapyzkennbix B 0030pe “Xosion”, uposesennom na PATAH-600 [40]. Hassanue nporpammbi
0TPaXkaeT OCHOBHBIE TEJECKOIbI, ¢ MOMOIIBI0 KOTOPBIX TPOBOJAMIOCH UCC/IEI0BaHIE O0BEKTOB:
PATAH-600, VLA (HPAO, CIIIA), BTA CAO PAH (Puc. 10).

Ocnog#bie vrarbl nporpammbl “Bosibiioe Tpuo™
1. cenexknus pagunoncrounukos 063opa Xomox na PATAH-600 (>10 mu, 7.6 cm);

2. CeJieKInA MCTOYHUKOB C KPYTbIMU CIIEKTPAaMM 110 MHOI'OBOJ/THOBBIM U3MEPEHUAM C HUCIIOJIb-
30BaHmeM HU3Ko4acrorHoro (365 MI'n) karanora Texacckoro o63opa [41];

3. cenexius 10 pasguoMopdoJioruu ¢ nomoubio VLA: or6op oobekros Tuna FRII kak mosio-
IIBIX, HO y2Ke C(hOPMUPOBABIIMXCS TaJaKTUK;

4. oroxmecrsienne Ha [lamomapckom Armace Heba (mosmmee u mo mpyrum o63opam: DSS 2,
SDSS);

5. oroxpaecrsienne, BVRI-poromerpus ma 6-m temeckome BTA;
6. cmexTpockonust Ha BTA;

7. Oupenenenne bu3MUECKUX XapaKTEPUCTUK (PACCTOsIHUSI, PA3MEPbI, SHEPIUsT PEJISITHBUCT-
CKUX YaCTUIl 1 MArHUTHOI'O II0JId, 02KU/IaeMblil II0TOK PEHTI€HOBCKOI'0 U3JIyUYeHUd C yIeTOM
KowmmronoBckoro paccesiiust peuKTOBbIX (POTOHOB HA KOCMUYECKUX JIy9aX B PaIUOKOM-
IIOHEeHTaX, paclpejieieHue 10 KPAaCHOMY CMEIeHUIO U II0 I[BETOBOMY BO3pacCTy 3Be3/IHO-
I'0 HACEJeHUs, OllEHKAa MOMeHTa (DOPMUPOBAHUS POJAUTE/IHCKON raIJAKTUKHU, OIEHKA, MACCh
CBEPXMACCHBHOI YEPHOIl IBIPHI B UX IEHTpe, OleHKa TeMnos pocra 11 u r.m.)

OHuM 13 caMbIX CEPbE3HBIX Pe3y/IbTaToB porpamMMbl “Bostbinoe Tpuo” crago obHapykenue
paJiMorajlak Tuky Ha KpacHoMm cmeinenun z—4.514 [29], korua Bospacr Bcesennoii cocrasiisii
1.3Tner (Puc. 11 u 12). Koneuno, OTKPbITHE TAKUX JAJEKUX 0OOBEKTOB — 3TO PE3YJIBTAT, C OHO
CTOPOHBI, IJITAHOMEPHBIX [MOUCKOB ¥ TINATEIbHON CeJIeKITNY KAH/IUIATOB, a C JPYroil CTOPOHBI,
HECOMHEHHO yIa4uu, OCKOJIbKY MCXO/IHAs BHIOOPKA PAJIMOUCTOUYHUKOB HE OCODEHHO BEJIUKA. DT
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Puc. 11: Cupasa: pajguocnexktp RC J0311+0507 mo gauubim, HakomrenubiM K 2005 . CruekTpasib-
HBIM mHAEKC paBeH 1.31 B amamazone gactor 365-4850 MI't. Vriomenue crekTpa K HU3KAM
YacTOTaM yKa3bIBAe€T HAa KOMIIAKTHOCTH KOMIIOHEHT pajuoucrouynuka. CjieBa: HaJIOXKEHUE I10-
gyaerHoro #Ha VLA B 19851 ma gyacrore 4860 MI'; u30poTHOTrO M300parkeHust pauouCTOIHI-
ka RCJ031140507 Ha usobpazkeHue poauTe/bCKOi rajsakTuku B duiabrpe R no gannbiv BTA
1995 1. Puc. u3 paborsr [29].
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Puc. 12: Ouruyeckuit CrekTp poauTe/ibCKoi rajakTuku pajuouncrounuka RCJ0311+0507. B
IIEHTpe — y3Kasg W MOIIHAs JUHUA, KOTOpasd OTOXKIeCTBAsdeTcd ¢ Ly« 1216A. [IyaxkTrpHBIMUI
JIMHUAMU TTOKa3aHbI 02KH/Ia€MbI€ ITOJIOZKCHUA TUIIMYHBIX JJId JAJICKUX DaJUOraJIaKTUK dMUCCHU-
OHHBIX JinHUiA. pyrue geraiu cruekTpa — oCcTaTouHbIil 3(@EKT CUIBHBIX JUHUN aTMOC(hEPHOTOo
[IPOUCXOKICHUSI TTOCJI€ BBITUTAHNS CIIEKTPa HOIHOTO Heba. Puc. u3 paborsr [29).

paauorajakTuKa ABJIAETCA BTOPON IO JaJbHOCTUA U NEPBOM / BTOPO¥ CpeJil OYCHb NAJICKUX (z >
4) 110 PaJMOMOIIHOCTH.
Cpenin BaxKHBIX pPe3y/bTaToB mporpaMmmbl “Bosbioe Tpuo”, kpome OTKpBITHSA Pa/uorajiak-
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THKHE Ha z = 4.514, oTMeTnM erme HeCKOIbKO |1]:

1. no gaunabiv nabsrogennit nva PATAH-600 nocrpoenst paguocnektpsr 00bextos u 10% (104
HCTOYHUKA) W3 HUX OKA3a/UCh KPYTHIMU; C HOMOIIbI0 pajuounnrepdepomerpa VLA mo-
CIpoeHbl M300paskeHus PaJMOMCTOYHUKOB C CEKYHJHBIM MJIM C CyOCeKyHIHbIM pa3perie-
HHEM;

2. TIPOBEJIEHBI ONITUYECKUE OTOXK/IECTB/IEHUS PAIUOUCTOYHUKOB C KPYTHIMU CIIEKTPaMU € 00b-
ektamu [Tajsomapckoro Arraca weba u riiyboKux CHUMKOB G-merpoBoro reseckora CAQO
PAH; s gt ecsaTKOB 00beKTOB (B OCHOBHOM, sipde 22™) m3MepeHbl KPACHBIE CMEITIe-

HUS;

3. TOATOTOBJIEH AT/AC ONTHYECKUX M PAJUon300parkeHuil pajuorajakTuk u KBazapos RC-
KaTaJIora;

4. o poTOMEeTPUYECKUM [TaHHBIM ¥ CUHTETUYECKUM MOJE/ISM CIIEKTPOB OI€HEHBI BO3PACTHI
3BE3/IHBIX CUCTEM U Z UX 00pa30BaHUA;

5. C UCIIOJIB30BaHUEM JIOIIOJIHUTEJ/IbHBIX (bOTOMeTpI/ILIeCKI/IX AaHHBIX Ha MaJIbIX KPaCHBIX CMeE-
mennsx (z < 1) /I S/UIMNTHYIeCKUX FAJIAKTHK U Ha OOJIBIINX KPACHBIX CMeleHuax (2 > 1)
JUIS PAUOTAIAKTUK JIPYTUX KATAJI0TOB IIOCTPOEHA, 3aBUCHMOCTD “BO3PACT 00bEKTa — KPac-
Hoe cmerenne” t(z), ¢ IOMOIIBIO KOTOPOii OIEHEHbI KOCMOJIOTHYeCKHe mapaMerpbl Hy u

Q.

3.3 Kocmosiornueckme TecTnl
3.3.1 CranpaprHas JinHeiika

Pazmep ucrounuka B 3aBUCHMOCTH OT KPACHOI'O CMEIIEHUs SIBJISETCA OJHUM U3 HamboJjiee 4acTo
UCIOJIB3YEMBIX TECTOB B 00J1aCTH HADJIOMATEIbHON KocMosioruu. Ecau Mbl 3uaeMm dusnydeckuit
pasmep 00bekTa, TO 3aBUCMMOCTH yryIoBOTrO pasmepa d4(z) takoro obbekra, HabII01aeMoro Ha
Pa3IMIHBIX KPACHBIX CMEIEHNIX, XapaKTepru3yeT TUHAMUKY pacmuperus Beemrernoii. Y pammo-
FaJIaKTUK, SBJIAIONIUXCH IBOIIONMOHUPYIOMUMY PAIUOUCTOYHUKAME, B KA4eCTBE CTAHIAPTHOM
JIMHEIKH MOKHO WCIIOJIb30BaTh JBE MPEeIeIbHbIX Beanmdnubl: (1) pasmep sgapa pajuoraiakTi-
KU, OLpeJe/ldeMblil B KOHEYHOM MTOI€ PAa3MepPOM U/ MaCCOIl CBEPXMAaCCUBHON 4YEePHOU /IbIPbI,
i (2) MaKCHMAJIBHBII pa3Mep, OMpe/e/IseMblil CKOPDOCTBIO U BpEMEHEeM pa3JjieTa CTPYil U3 saapa
raJIaKTUKH.

Kombunupyst JanHble pa3/IMYHBIX KCIIEPUMEHTOB, MOXKHO C OTHOCUTE/HbHO BBICOKON TOY-
HOCTBIO OIIPE/E/INTh KOCMOJIOIMYECKYIO MO/e/b. 110 Takomy 1yTu nomuim aBropsl paborst [42],
00'beINHUB JaHHBIE 00 YIVIOBBIX MACIITA0AX MUJIJIUCEKYH/IHBIX PAJIMOUCTOYHUKOB, TEOPETUIECKH
XapaKTepU3yOIIX pa3Mep aapa, MaTeH (BJIYKTYaIii peTUKTOBOrO M3/IydIeHus (pa3Mep ropu-
souTa Ha z=1100 ans ngren na ¢ = 220), a TakxkKe JAHHbIE O CBETUMOCTH CBEPXHOBBIX, I1€-
PECUUTAaHHON B COOTBETCTBYIOIIHI YIVIOBO MacmiTab ImKaibl paguonctodraukos (Puc. 13). DTo
MOZKHO CJIeJ1aTh, UCIIOJb3Ys 3aBucumoctb H(z). Tlosyuennas auarpaMMa mo3Bo/sSeT NPOBOJUTH
COBMECTHBIE OIEHKN KOCMOJIOTHYECKAX IapaMeTPOB, IOJTYYaeMbIX IIPU AHAJJN3€e JAHHBIX ITPUH-
[UIMUAJIBHO HE3ABUCUMbBIX KCIIEPUMEHTOB. BoiOopKa pajmoncTouanukoB cogepkut 613 06bexkToB,
orobpanubix B 6aze manueix NED (NASA Extragalactic Database) kaxk mveroriie Mu/iinceKy -
Hble Pa3MEPbl U U3BECTHOE KpacHoe cMmernenue. Vcmoib3ys MOCTPOEHHYIO guarpaMMy, MOXKHO
COBMECTHO DEIINUTDH YPABHEHUS JIJIsT PACCTOAHUA dA(2):
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Puc. 13: duarpamwma “yriioBoit paszmep—kpacuoe cmerrenne”’. Kaxkaas cBerias 38e309Ka — OuH
(mmar ocpe/HeHMs1) comepKaImii 77 MUITHCEKYH/THBIX (CEK JyTh) pajuouCTOYHUKOB. Kaxmas
CBeTJIasi TOYKa 0003HAYAET CBEPXHOBYIO, MOJMEHEHHYIO COOTBETCTBYIOIIMM PaMOUCTOYHUKOM.
Bepxuas 3e3ga cupasa Ha paduKe MOKA3LIBAET aKyCTHYECKHIT rOpU30HT. PHCYHOK BOCIIPOM3-
BeJieH u3 paborsr [42].

U JUId JAQHHBIX PEJUKTOBOrO m3jydeHus. B pe3dyibrare aBTOpbI MOyYalOT CJIEALYIOIe OIeH-

KU 3HAYEHU mapaMeTpoB: IJIOTHOCTH Marepun (), = 0.303;8:835, IIOTHOCTL TEeMHO# sHepruu

Qp = 0.694;8:8%3, napamerp KpubBusnbl K = 0.013;8:83. OrmeTuM MHTEpPeCcHBbII MOMEHT, 3a-
KJIFOUAIOMIMICS B IUIABHON CTBIKOBKE MaciiTaboB. B 9ToM mmeercs HEKOTODbI CUMBOJIMYIECKMIT
CMBIC/T OObeMHEeHNs PA3HBIX II0/X0/I0B PAJIMOKOCMOJIOTUN B OJIHOM JMarpaMMe.

B Cjiydae UCIOJIb30BaHUA HeKOM6HHHpOBaHHbIX JAaHHDBIX, MO?KHO I'OBOPHUTbH JIMIIb O HECIIPOTU-
BOPEUYUBOCTH (COTJIACOBAHHOCTH) MOJesu ¢ Habsroaenuamu. Tak, nampumep, ['ypsum u npyrue
[43], mcmonb3yst cTaHIAPTHOE COOTHOINIEHUE JTsi 3aBUCHMOCTH “yIJIOBOH pasmep  — KpacHoe
CMeITeHne 2z PaJNONCTOIHNKA”, OIIEHNBAJIN ITapAMETD 3aMeJIeHnsT g B Moen BeenenHoit ¢ 3a-
MEJIIATONIMCST PACIITIPEeHneM. ABTOPBI HCCIETOBATN COOTHOIIEHNE /TS OJHOPOSHON U M30TPOII-
Hoit moztesn (go > 0) ¢ koemosiornveckoit mocrosiauoit A = 0. Tlo ganabiM BeIOOPKH, copepKaieit
330 obbekToB c kpacubiM cmerienrem 0.011 < z < 4.72, 6b1710 MOJIyYeHO 3HAYEHNE TapaMeTpa
3amejyiennst ¢o = —ad/a, rae macmrabubiii dakrop a(t) onpenensiercs kax r(t) = a(t)r(ty), n
to — Hacrosmuii MomenT Bpemenu (r.e. a(tg) = 1):

g0z + (90 = D(/(1 +2gp2) — 1
N @(1+2)2 '

r(z) = D(z)

Takzke umeem

0 =1,,D7'(2) < IhLP(1 + 2)" D71 (2),

C 4eTblpbMsi CBODOJHBIMU IaPAMETPaMu: JUHEHHbIM MaciiTabHbiM (hakTopoM [h, napaMerpom
3aMeJIEHHs o U JBYMs IapaMeTpaMu [ U 1, IMEOMIMHE OTHOIIeHNe K (pU3NKe KOMIAKTHBIX
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pajuon3/Tydaomux obsacteit (n o0beInHaeT 3aBUCHMOCTH JIMHEHHOTO pa3Mepa OT KOCMOJIOTH-
YeCKOW BOJIIONMKA U OT YACTOThI M3JIyUEHUs] W TAKXKE yBe/JIudeHue pasmepa u3-3a dpdexTon
pacmpocrpanenus B cpefe). Kpome toro, BBemeHbI Merpudeckuii pasdmep [, paccrosuaue D,
cBeruMoCTh ucrounuka L. B pedysprare perrenusi cucreMbl mojydaeMasi OIEHKA IapaMerpa
qo = 0.21 + 0.30.

[loznuee Yen u Parpa [44] nys Tex Ke JaHHBIX HCIOIB30BaJIN MOJeaun BceeseHnoii, onHa
U3 KOTOPBIX BKJIIOYAET J[BA HapaMeTpa: IJI0THOCTh )y U IJIOTHOCTh TeMHOU 3uepruu {p; jpy-
rasg ONUCBHIBAETCS CKAJAPHBIM ITOJIEM TEMHOU SHEPrUH, KOTOPOe OMpPEeIe/deTCd 3aBUCUMBIM OT
Bpemenn A—4jienoM. ABTOPbI MUHUMU3MPOBA/IU CYMMY KBaJPaTOB HEBAZOK Jyid 12 MHTEPBAIOB
(6uHOB) KpaCHBIX CMEIEHN, NCIo/Ab3yeMbIx ['ypBumnem u ap. [43]:

X1, P) = i [G(Z,P, %) = Oos(2i)]° 7

O,.
i=1 z

7

vae Oops(z;) u 0., — HabirogaemMble yIyioBble padMepbl 1 ommbku Jyisi 12 6unos, | — dbusnveckas
niuHa, P — HabOp KOCMOJIOTHYecKnX mapaMeTpos (Hampumep, 0o u ). ABTOpBI moKa3aJIi,
YTO MCIOJIB3YEMbIE JIAHHBIE [0 Pa3MepaM HMCTOYHUKOB COIVIACYIOTCS € Pe3yJbraTaMu OIEHOK
mapaMerpoB (g u () U3 COOTHOIIEHUS “BeTMINHA — KPACHOE CMeITeHne” I CBEPXHOBBIX THUIIA,
Ta [45, 46].

Mertom omeHKH mapaMeTpoOB IO JTaHHBIM PaJUOTAIAKTUK, IpejioKeHHbIN Xoitiom B 1959 1.,
nostyan cBoe passutue B IlencunpBanckom Yuusepcurere B rpymme P. Isitim (Ruth Daly). B
HOBOM TIOJ[XOJI€ MCIIOJIBb3YETCs CKOPOCTh PACIPOCTPAHEHUsSI CTPYHU PAJMOTraaKTUKU U, COOTBET-
CTBEHHO, CKOPOCTDb yBEJUYEHHs] PA3MEPOB PATHOUCTOIHUKA [47|. ABTOpBI MOCTPOUIN BBIGOPKY
u3 70 pagmorasaktuk. OCHOBHas mjiesi METOa 0A3UPYeTCss HA TOM, 9TO PAa3Mep MOXKeT ObITb
OIIeHEH, C OJIHOII CTOPOHBI, KAK CpeHuil pazmep <> IMOJIHOM MOIY/ISAIUN MOITHBIX [TPOTI2KEH-
HbIX PaIMOraJlaKTUK Ha JIAHHOM KPAaCHOM CMeEIleHuH, C JAPYyroi CTOPOHBI, KaK CpejHuil pasmep
D, 51aHHOrO UCTOYHWKA HA JAHHOM KPACHOM CMEIIEHWUU, JOCTUTAEMbI IPU pPaCIIuPEHUU 00b-
ekTa 3a Bpems t.. Eciim mosiHOE BpeMmsi, B T€YE€HUE KOTOPOI'0 MCTOYHUK BHIOPACHIBAET [I2KETHI C
MOIITHOCTBIO L, eCTh ty, TO cpeHuii pa3zMep 3Toro ucTodHuka Oyger D, = vit, B IpeIoioxKe-
HUM, 9TO CKOPOCTb PACIIUPEHUs] UCTOYHUKA U, IPUOIN3UTEIHLHO IOCTOSHHA B T€YEHUE BCEIl ero
ku3Hu. CKOPOCTDb v, OIEHUBAETCS C MOMOIIBI0 CHHXPOTPOHHOrO U 0bparHoro KoMmnToHoBCKOro
MexaHu3MOB u3jiydenud. lIpesmnoaraercs, 4To t, yMEHBIIAETCH C POCTOM KPACHOI'O CMEIEHUS,
a ornomenue <D>/D, 3aBucur 0T KOCMOJIOrMYECKUX TapaMerpos (), u p (merasm cm. B pa-
oore [48]). C 90%—oit JOCTOBEPHOCTHIO ABTOPHI MOKA3BIBAIOT, ITO {1, < 0.5 U KBHHTICCEHIUS
—2.6 < w < —0.25. Ucnonbzosanue napaverpa r(z), 6e3pa3MepHOro KOOPMHATHOIO PACCTOs-
Hust, ompenenasgemoro kak 1(z)(1 + z) = Dy = Hydy, tne df, — doroMeTputeckoe pacCTosHUE,
MOZKET TaK»Ke BOCCTAHOBUTH JIMHAMUKY paciuupennst Beenennoit [49], korpa Komnrosekoe oxiia-
JKJieHue Ha (POTOHAX MUKDPOBOJIHOBOTO (POHA MAJIO:

—q(2) = daja® =1+ (1 + 2)(dr/dz) " d?*r/dz?

[Tapamerp 7(z) reopermuecku cpszan coorHomenusavu (Daly, 2002): R, = (D)/D., D,
p—68/7+8/ 7(k17°_4/ 7+k2)1_ﬁ/ 3 e ki m ko — Habmroaemble XapaxTepucTuku [48]. Habmomaemas
HMPOTSKEHHOCTH PAJIMOUCTOYHUKA HE BXOJIUT B onpejesienue D* ) HO BxouT B onpejeieHue <D >.
Ucrnionp3yst dpoToMeTputueckoe pacCTOgHNe, MOXKHO CKOMOMHUPOBATH JAHHBLIE I CBEPXHOBBIX
tui [a u paguoranakruk FRII na oguoit quarpamme (Puc. 14). B srux uccnenosanusix pazpabo-
TaHa KOMILJIEKCHAS METOJUKA, y4IeTa MHOMOYUC/IEHHBIX BO3MOXKHBIX CUCTEMATUYeCKuX 3(pdeKToB
U IPEJJIOKEHa, ITPOrpaMMa PaCIIuperus ee Ha 0OJIbIne MAaCCUBbI JaHHbIX. [l OosbIux Kpac-
HBIX CMEIEeHuil 3Ta METO/IMKA He NMpUMeHNMa B CBa3u ¢ MomubiM Biaugaumem CMB-dona na
npotszkeraubie kommouneHTsl FR II-crpykryp. Moxkuo HajmesTbesd, uro Oymer pa3BuT ajbTrepHa-
TUBHBII MeTOJ, Jijid 00beKTOB, I/le JOMUHUDPYIOT IIOTEPU HA PeauKTOBOM (roHe. OTMeTUM, 4TO
BCE METO/Ibl OIEHKH ITAPAMETPOB M3 COOTHOIIEHUS 6 — 2 UMEIOT MPODJIEMBI, CBSI3AHHBIE C 9BOJIIO-
MUOHHBIME 3D dEKTaMA.
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Puc. 14: HeBs3ku Mexk ity 6e3pa3MepHBIM KOOPAUHATHBIM PACCTOAHIEM 7°(2), IOCTPOEHHBIM C HC-
[0JIb30BAHUEM HADJIIOIATEIbHBIX JAHHBIX, U TEOPETUIECKH 0XKujtaeMbiM BO Beestennoii ¢ §2,,—0.3
u Q5 =0.7, B 3aBucumoctu ot (14 z). Pucynok Bocrnpomssenen u3 pabors [49]. Pagnoramakrukn
IIOKa3aHbl 3BE3/1aMM, CBEPXHOBBIC — YE€PHBIMU KPYKKaMHU.

Bosibioe paznoobpaszue hopM paIMOMCTOYHUKOB [Ijisi MACIITAbOB MOPS/IKA KUJIOMAPCeKa 3a-
TPY/HSET TOYHOE n3Mepenue mapamerpos. s maciurraboB mopsiaka mapcexa HeoOX0MMMO UMETh
[IPEeJICTAB/IEHUE O MEXaHU3Me DPAJIMOM3JIyUeHUs, OLPEIEISIONEM peabHbIil pa3Mep aKTHUBHOTO
sijipa. TeM He MeHee, CyIIecTByeT HAaDOP CTAHIAPTHBIX TaPAMETPOB, HOAIAININXC N3MEPEHIUTO
U OINKCHIBAIOIINX [EHTPAJbHYIO MAIIMHY, TAKUX KAaK Macca IEeHTPAJbHOW YepHOIl IbIPbI, CKO-
pPOCTh AKKPEIUHU, YIJIOBOH MOMEHT U BEJMYMHA MATHAUTHOIO IOJIsi. DTO MO3BOJISIET HAJAEATHCS,
YTO IIpejjiaraeMble MO/IX0bI OIEHKH KOCMOJIOTUYECKO MOJIen MOryT paboTaTh.

3.3.2 CranmaprHas cBeda

[Ipobsaembl ipuMeHenust CTAHAAPTHON cBeun OJIM3KHU K ONKUCAHHBIM B HAYAJIE [IPEJIbIIYIIErO Pa3-
zenia, mocssiernomy recty “Cranjapraas juHeiika”. PagnoncTounuku 3BOJIIOIUOHUPYIOT, U J0-
BOJIBHO CJIO’KHO YCTQHOBUTDH, HA, KAKOM TAIl€ HAXOUTCH UCCAEAyeMasi PAAuorajiakTuka. Paamo-
CBETUMOCTb O00'bEKTA 3aBUCUT U OT MAaCChI IeHTpaJsbHoit 1/, u oT TeMa akKperuu, u OT TUIA
MEp/KUHIA, U OT BPEMEHU KU3HU PAJUOUCTOYHUKA. B mpuniuie, 30as QyHKIUIO CBETUMOCTH
PaIUOTAAKTHK, C YIeTOM IIUHITOHOBCKOIO IIPEIea MOYKHO OBLIO OBbI OIEHHUTH UHUC/IO0 00b-
€KTOB C MAaKCUMaJbHO BO3MO2KHOM MOIIHOCTBIO Ha 3a/aHHOM KPAaCHOM CMEIICHUH. Tor,qa, O0TO-
OpaB B 33/laHHBIX WHTEPBAJAX Z O0BEKTHI C MAKCUMAJbHOI pPaMOCBETUMOCTHIO, MOYKHO OBLIO
Obl TIOCTPOUTH KAy paccroguwmii. [Ipobyema juinp “3a MaabiM”: JKejlaTeTbHO UMETh IIOJIHYO0
BBIOOPKY paJMoOrajiakTuk Ha, Hebe u 3HATh (DYHKIUIO CBETMMOCTH. B 9T0l Kareropuu TecToB
paJrorajakTuKy CUJIbHO IIPOUTPBIBAIOT CBEPXHOBBIM la. O HAKO OHU MPEJICTABIAIOT UHTEPEC B
npyrowm msere. He “3amMpikasich” Ha pajuoCBETUMOCTH, PACCMOTPUM CBETUMOCTDH PAIMOTAJIAKTIK
B OIITUYECKOM JIMAIA30He.
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Kak MbI y2Ke roBOpu/in BBIIIIE, MOIIHbBIE PAUOTAJAKTUKI OTOXKIECTBJISIOTCH C TUTAHTCKUMU
QJJINIITUYECKUMU TI'aJIaKTUKAMMU. TaKI/Ie O61)€KTbI nMEeT CpaBHUTE/JIbHO OJHOPOAHOE, ITaCCUBHO
SBOJIIOIUOHUPYIOIIEe 3BE3/IHOE HACeJIeHUEe, KOTOPOe JIOBOJIBHO JIETKO OIUCHIBAETCS IBOJIIOIMOH-
HbIMM TpeKamu. Kpome Toro, eciu ruranrckue samunrudeckue (gE) rasakruku, saBisigach 1eH-
TPAJIbHBIMU Ta/IAKTUKAMK CKOILIEHU, BO3HUKAJINA MPUOJIU3UTETBHO B OJHY KOCMOJIOTMYECKYIO
SI0XY, TO OHU JIOJI2KHBI UMETH CXOXKYIO0 UCTOPUIO 3BE37[000PA30BAHNUSA U TAKUM 00PA30M SBJIATH-
Cs CTAHJAPTOM B IIOCT-PEMOHUBAIMOHHBIN 11epuoy, dBoJiforuu Beestennoit. B kagecTBe 0CHOBHOIO
30H/a B paHHUe 3m0xu (2 > 1) ay1sa noncka gE-raakTuk Kak pa3 U UCIOIb3YIOTCA PaJIHOTATaK-
k. OCHOBHBIM TECTOM 3JECh siBISeTCd TeCT “hHppaKpacHas 3Be3/jHasi BeJIMYUHa — KPACHOE
cverenne” (qumarpamma Xab6sa g K—sennanner “K—2"). B npuvmenenun K pajauorajakTHKAM
OH 9yYBCTBUTEJICH KaK K 9BOJIIOIIMU WX 3BE3/HOI'0O HACEC/ICHUA, TaK U K BbI60py KOCMOJIOI'MYeCKOM
mogesu |50]. st MasbIX U yMEepeHHBIX KPacHBIX cMmerrennii (z < 1.5) pe3ybTaTsl 0TOXK 1eCTB/Ie-
HUN IMOKa3bIBAIOT, 9YTO POAUTEC/IBCKUMU T'aJIAKTUKAMU [JIgd MOIIHBIX PA/JJUOMCTOYHUKOB ABJIAIOTCA
MAaCCHBHBIE JUIHNTHIeCKHe ragakTuky |51]. 3se3auble Benmunus! B 6im3kom WK amanasomne mo-
Ka3bIBAIOT, YTO, UCHOJIb3Yysl PAMOTATAKTUKI, MOXKHO /10 OOJIbINIMX KPACHBIX CMelleHuil (BIioTh
10 z = 5) npocieaurb GopMupoBatue Hanbosiee MACCUBHBIX 3Be3HbIx cucreM |52, 53]. Cuiib-
Hag Koppessiugd K-BequduHbl ¢ KpacHbIM CMelleHreM ObLia OOHApy2KeHa ele Jjid BbIOOPKU
pajoranakruk karaisora 3CRR [54]. Tlozunee Yuiorr u ap. [55], ucciesosas B 6mknem MK
nuanaszone BeIOOPKY 49 pammoranakTuk u3 Karajora 7C u jg06aBuB 00bekThl Karasgoros 6C u
3CRR, nocrpounu nuarpammy Xa66sa B 6mknem MK (coornomenne K — z) pa 205 pajgumora-
JIAKTUK B Juara3one Kkpacubix cMerenuit 0.05 < z < 4.4, noaTBepAuB 1 YyTOYHUB HAOIIOTAEMY IO
3aBUCUMOCTD. ABTOpr AIIIPOKCUMHUPOBAJIN JaHHBIC I/ISMepeHI/Iﬁ IIOJIMHOMOM BTOPOT'O IIOPsAJIKA 1
[OJTYYMJIA 3aBUCUMOCTD

K =17.37 +4.53log;y 2 — 0.31(logq 2)?,

KOTOpas MOAEPKUBACT MOIE/Ib [TACCHBHO 9BOIIONMMOHAPYIOIIEH raJakKTUKN ¢ MTCHOBEHHBIM 3BE3-
JoobpasoBanueM, cOpMUPOBaBIIENCcs Ha KPACHOM cMellennn 25 ~ 10 1 uMeromyio cBeTuMOCThb
mopanka 3L, B coBpeMeHHy0 310xy. CpemHeKBaIpaTuIHOe OTK/IOHEHNE OT AIIPOKCAMUPYIOIIEi
kpuBoit — (.58 BesimunHbBI BILIOTH /10 KPACHBIX cMerenunit 2 = 3. Takum obpazom, guarpamma “K-
BesimanHa — Kpacuoe cmerrenune” (cm. Puc. 15). cBUmeTeIbCTBYET B MOIEPKKY OTOXK TECTBIICHUS
BHETaJIAKTUYICCKUX PAJUONCTOYHUKOB C JIJIMIITUICCKUMU T'a/IaKTUKAMUA. HpI/IpOrD;a Koppeidnnun
B coorHomennn K — 2z omnpesessercda TeM, YTO CBETHMOCTD 3Be3JHON KOMIIOHEHTHI PaIrora/iaK-
TUK 3HAYUTEIBLHO OOJIbIIE, YeM HE3BE3JHOW, M COOTBETCTBYET MACCUBHO YBOJIOIMOHUDYIOIEHT
MOILY/IANIAY SJTHITHIECKUX TaJIaKTUK, COPMUPOBABIIUICA Ipu 2 > 5.

Bricokas koppessmusa K — z MO2KeT ObITh HCIIOJIb30BAHA U JIjIsi ITPOBEPKU KOCMOJIOTMIECKIX
MOJIEJIeH, W JIJIsi MOJIeJIeit 9BOJIIOIUN 3BE3IHONO Hace eHus. BriOpaB KOCMOJIOrHIECKYI0 MOJIE/Ib
u mpuMeHss auarpammy K — z, aBropsl |50| cpaBHEBaSM MpEICKA3aHHYIO B MOJE/IH CBETHU-
MOCTH C peanbHo Habsmomaemoii. Coorsercreyiomas nonpaska AK, 3ajaBaemasi Kak (QyHKINs
mwroTHOCTel ), 1 Qp, B KoMOuHamumu ¢ Hy HCIOIb3yeTcs IS OIEHKH IIPaBIoNomsobus BBIOO-
pa napamMerpoB. ABTOPbI OTMEUYAIOT, YTO HAOJIIOAAEMOMY COOTHOIIEHUIO COOTBETCTBYET ILIOCKAS
Bcenennag (momens Ditamreiina—mge Currepa), a 9moxa 3Be31000pa30BaHus JOZKHA JIEXKATH B
Jmaria3oHe KpacHubix cMmernnenuit 5 < z < 20.

3.3.3 Ilomcuer panOUCTOTHUKOB

Knaccuueckum TecTOM Ha 9BOJIIOIUIO AKTUBHBIX TaJaKTUYECKUX si/Iep U IJIOTHOCTU BEIeCTBa,
Bo Bcestennoil siBisgercd mojcder pajrOMCTOYHUKOB, ONKMCHIBAEMbBIN TakK HA3bIBAEMOI KPUBOit
“log N — log S” — “nmorapudm Uncia UCTOYHUKOB — JIOTAPUMPM TIOTHOCTH TOTOKA”, B PAJINO-
0030pax Heba. C NOHMXKEHMEeM IJIOTHOCTH MOTOKA PAJMOUCTOYHUKOB, YUCJIO PErMCTPUPYEMbIX
00bEKTOB B ILJIONIR/IKe yBeauduBaercd. B EpkinmoBoit momesin Beesennoit, Korja o0beKThl pac-
[IPEJIE/IEHb] OJHOPO/IHO U IIPOCTPAHCTBO $BJISETCH IJIOCKMM, YHUCJIO OO'bEKTOB JIOJIZKHO PAaCTH
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Puc. 15: duarpamma Xab6sia s K—Beguaunbt i paguounctounukos Kartajora 3CR. Cuorr-
Hasd W MITPpUXOBAYd JIMHUU IIOKA3bIBAIOT IBOJIIOIMOHHbLIC TPEKU JIJIsd HEIBOJIIOIMOHUDPYIOIIErO U
MACCUBHO 3BOJTIOTMOHIPYIOIIEr0 3BE3THOT0 HACEIEHUS COOTBETCTBEHHO. Bocmponsseieno n3 pa-
6orel Becra u Jlonreitepa [56].

[POIIOPIUOHAIBLHO 0ObEMY, U TOIJia Iojcyder Oojiee cjiabblX MCTOYHUKOB COOTBETCTBYET BBIOO-
py 0GJIbIIEr0 TPOCTPAHCTBEHHOrO 0ObEMa. Y UYeT KOCMOJOIMYECKOIO PACIHIMPEHUS U KPUBU3HBI
MPOCTPAHCTBA, BHOCHUT TIOTIPaBKU B pacrpesenenne “log N — log S”.

B 1966 r. JIonreiip [57], ucciemyst crarncruky MCTOYHUKOB, HOCTPOUJI MOJE/Ib UX (DYHKIMK
CBETUMOCTH U YK€ B TO BpeMs MpesicKa3an ee oOpbiB Ha z = 4. Ero mccaemoBanme Jeriao B OCHOBY
COBJIaHUST COBPEMEHHBIX YBOJIIOIMOHHBIX MOJIE/IeH PaJuonCTOYHUKOB. JIOHPelp Tak>Ke OTMeTuI,
9TO O JAHHBIM Karasora 4C paguonCTOYHUKE UMEIOT M30TPOITHOE PACIIPEIeIeHNe BILIOTH 0
z =4

B macrosmiee BpeMst st OMUCAHUS TTOACIETOB UCTOYHUKOB HCIONB3YIOT AU(DdepeHtnaib-
nyio kpusyio log N — log S (Puc. 16), onpenensiemyio kax n(S), rae n(S)dS — uucno pagmon-
CTOYHUKOB B JIMAIIa30HE ILIOTHOCTE 1moTOKOB oT S 10 S + dS na 3amannoii jgjmne posanbl. Ee
OGBIHO HOpMEPYIOT Ha Koddhdumuent S 2, nmpomopuuonanbubiii uddepenuanbHoMy THCIy
uCTOYHUKOB B EBK/110B0# MOenu [58):

(e}

S5/2p(S)dS = 4i / S5/2p(8S, 2)dzdS,
T
0

rae 1(S, z)dSdz — 1o/IHOE YUCI0 UCTOYHUKOB C IJIOTHOCTSIMU IIOTOKOB oT S 10 S + dS B nua-
a30He KPACHBIX CMEIIEHUH OT 2 10 2 + dz, onpemenrsaeMoe Kak
cA%(1+ 2)%p(L, 2)

Ho(l + Qoz)l/2

77(57 Z) =

e p(L,z) — GyHKIUS CBETHMOCTH pauoncTouHnKoB, A = 47D? — muomansb cdepsl BOKpYT
HUCTOYHUKA, cojepxKaieil nabiogarens, g = 2qgp — mapamerp mwiorHocTu. [Ipumep HOpMU-
poBaHHOI muddepeHuaabHol KPUBO# MOACIeTOB MCTOYHUKOB C IIOTHOCTIME MOTOKOB S B
npejenax 30uddn < S < 60 du ma gacrore 1.4 Ty nokazan va Puc. 16.

Basucumocts log N — log S meMOHCTpUPYET SBOIONUOHHBIE OCOOEHHOCTH PAJIUONCTOTHI-
KOB pa3/inuHbIX notysiuii. O0/1acTh MIOTHOCTEH TOTOKOB PAMOUCTOYHUKOB CO CPABHUTEIb-
HO OOJIBIIMMK KPACHBIMHU CMeImeHusIMu jekuT B auamna3one or 10 mo 100 mdAnr mra 1400 MI'm.
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Puc. 16: HopmupoBannasi KpuBas 107C4eTOB pajuouctodnnkoB ua dacrore 1.4 I'I'i. Cruromnas
KPUBast IPEJICTAB/IAET HAMJIYYIIyI0 MOJIE/IbHYIO 3aBucumMoctsb ¢ g = 1 (mnockas Beenennast) us
paborer (Condon, 1984). IlltpuxoBble JTUHUA TOKA3BIBAIOT BKJIA]] PATHOUCTOIHUKOB, NMEIOIINX
GYHKIIUIO CBETUMOCTH CIUPAJIBHBIX U JJIUITHYECKUX TrajaakTuk. [lo abcuucce gana mI0THOCTH
noToka B AHCKuUX, 110 opauaare — jgorapudm guddepennnaabHOro moACYeTa NCTOTHUKOB, Y MHO-
xennoro Ha S?°, (cp~ldu!?). Ecim 661 Beemennas 6bLma CTATHYECKOM, 3aBHCAMOCTD ObLIa, GBI
LIPE/ICTaBJIEHa, NOPU3OHTAJILHON LPAMOIl JIMHKEH. DTO 03HAYAET, YTO YMC/I0 UCTOYHUKOB pacrer
C yBeJIUYEHUeM HCCJIe/lyeMOro ob6beMa MPOCTPAHCTBA IIPOMOPIMOHAIBHO ILJIOTHOCTH IIOTOKA B
crenenn —3/2. Jnst Givzkafiimmmux sipKUX MCTOYHUKOB HAOJIO/aeMas 3aBUCUMOCTb HAIOMUHAET
0’KUJIAEMYI0 B cTanunoHapHoit Beesiennoii. 3aTeM 4uc/10 MCTOYHUKOB HAYUHAET OBICTPO yBEIUYIHU-
BaThCH, & MOTOM 1aaeT. VI30bITOK 4mciia nCTOYHUKOB O0bICHAETCS IBOJIIONNEH, a UMEHHO DoJjiee
BBICOKMM TEMIIOM uX 00pa30BaHWs B paHHME SIOXM HA KPACHBIX CMEIIEHUIX 0K0jio 2.5 < z < 4.

Puc. Bocipoussejen u3 paborst [58].

BO.Hee MOIIHBbIE PAJUOUCTOYHHUKN B OCHOBHOM HABJIAIOTCA KBa3apaMW U PaJUOraJlaKTUKAMMU Ha
YMEpPEHHBIX U He 04YeHb GOJbIUX KpacHbIX cMermenusx (z < 0.5). Bosee ciabble pagmoncrotd-
HukK (€ 1I10THOCTBIO 110TOKAa <1 MSH) CBsi3aHbl ¢ OJMBKUMU CHMPAJIBHBIMYU [aJAKTHKAMU CO
3Be3noobpazopannem. Bum pacupenenenus log N — log S moaTBepKmaeT 3BOJIONIIO IUCIA Pa-
nuoncTouHnKoB. PopMa KpuBOil ONMChIBAaeTCA (DYHKITHEl, 3aBUCAIe oT mapamerpos Hg u 2,
U TaKuM 00pa30M MOXKET SBJISITbCS TECTOM Ha, BBIOPAHHYIO MOJe/ib BCejieHHO B Ciydae, ecu
XOPOIIIO U3BECTHBI SBOIONUOHHBIE (M (EKTH HOMy/IAuil PAJIMONCTOYHUKOB, JTAONUX BKJIAJ B
pacmpenenenme.

Wcronb3yst SBOIOIUOHHBIE MOJIENIA PAJUOUCTOYHUKOB PA3IUIHOIO TUIA, MOXKHO Pa3JI0KUTh
saBucumoctb log N —log S na pacupegenenus coorsercrByomux cyonomynsnuii (Puc. 17). Txek-
cou u Yoy |?, 7| uposenun momeupoBanue (DYHKIUIT CBETHMOCTH U BBIJE/IUINA CEMb CyOIIOMyisi-
Uit KICTOYHUKOB, [IPOJIEMOHCTPUPOBAB UX pacipejieieHne Ha JuddepeHuaibHON 3aBUCUMOCTH
log N —log S nma gacrore 5I'T'n (Puc. 17). Ormernym, aro 6/1M3KIe HCTOTHUK, HAIPUMED TAJTaK-
TUKM MaJIOW MOIITHOCTH CO BCIBIIIKOH 3B€31000pa30BaHus, MMEIOT PACIPEIEIeHIe 10 LJIOTHOCTH
[I0OTOKA, COOTBETCTBYIOIIee KBK/INI0BOI MOe/in, KOTOpas ONMKUCHLIBAET JIOKAJIbHYI0 Beemennyio.

3.3.4 CkyuuBanHwue

Pajimorasakruku, Bugumble Ha OOJIBIIMX KPACHBIX CMemeHusx (z ~ 4) u wabsrojaoonmecs B
CKOILJIEHUSX T'aJaKTHK, MOI'YT OBITH HCIIOJIb30BAHBI KAK WHCTPYMEHT UCC/IeI0BAHUS KPYITHOMAC-
wrabuoit crpykrypetr (Large Scale Structure — LSS). Hecmorps na ocinabienue onrudeckoro
u3JIydeHre TOIVIOMIAIONIEN bLIBIO, 3T O0bEKThI JOCTYIIHBI HAOIOJMEHUsIM U3-33 MOIIHOI'O pPa-
J[IMOUB/Ty YeHUs U, TAKUM 00pa30M, saBiagioTCs 3MIEKTUBHBIM CPEACTBOM ITOUCKA, JJAJIEKUX CBEPX-
CKOILJIEHHI ¥ CKOIUTEHU{T raTakTuK u KocMorpadun nanpreil Beerennoii (Puc. 18).
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Puc. 17: Juddepenruaibias Kpubasd I0JCYeTOB UCTOYHUKOB Ha dacTore D I'I'ii. Monesns yuu-
ThIBaET BKJaJ, cemu cybnomyasinuit ucrounnkos: (1) paguoranakruku (PT') u kBazapsl B CHIbHO
BO30Y2KI€HHOM cocTogHNA ¢ KPyThiM pajauoctekrpoM (PC), tun FRII; (2) kBazapsl ¢ miockum
PC, tun FRII; (3) PI' B cinabo Bo3Gyxennom cocrosauu ¢ kpytbim PC, tun FRII; (4) 06b-
extol tuma BL Lac ¢ mwrockum PC, tun FRII; (5) PI' FRI ¢ kpytemm PC; (6) o6bekTh THIA
BL Lac ¢ miockum PC, tun FRI; (7) rasakruku Masioii MOIIHOCTH CO BCIBIIIKOI 3B€3/000pa30-
Banus ¢ kpyrbim PC. Tlojcaersr HOpMUPOBAHBI K N0:60(55 FFH)_l'Scp_l. Puc. Boctipouseeen

u3 pabotrsr |7, 7).

Puc. 18: Kpynnomacmrabuas crpykrypa Beenennoit mo nanusim 0630pa 2dFGRS. Puc. Bocupo-
u3sBezen c cafita http://astro.dur.ac.uk.

o nosiBienusi 1iryboKux paauoodb30poB bosibimx obsacreil Heba panoacTpPOHOMaM HE ya-
BaJIOCh OOHAPYKUTH B PACIPEIETCHAN PAINONCTOYHNKOB OTPAXKEHNEe KPYITHOMACIITAOHO! CTPYK-
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TYpBI. DTOMY Mermraa OOJBIION pa3dpoC KPACHBIX CMENTEHUH paJriONCTOTHUKOB B MCCIETYEMbIX
00J1aCTSX [IPU [IPOEKIMU [IPOCTPAHCTBEHHOIO pacupejenenus Ha cdepy. OJHAKO € MOsSBJIEHM-
em 0630poB VLA, takux kak FIRST (Faint Images of the Radio Sky at Twenty centimeters —
“ciabble u300pazkenust pajnoneba Ha jBajuaru canrumerpax” [60]) 1 NVSS (NRAO VLA Sky
Survey — “o630p neba na reneckone HPAO VLA — Very Large Array” [61]), umerouux Bbico-
KYIO 9yBCTBHTEIHHOCTD (10 1 1 2.5 M H COOTBETCTBEHHO), y/IaI0Ch OOHADYKUTH U MCCIEI0BATH
CKy4YUuBaHUE PAJUONCTOYHUKOB.

s ompeniesiennst mapaMeTpoOB CKYIUBAHWS MCIIOIB3YETCs YIIOBAsS KOPPETIITnOHHAsT (DYHK-
nust w(6), Koropast cpaBHuBaET HAGJIIOIAEMOE (CKYyYeHHOE) PACIIPEIEIEHHE CO Ly YaifiHbIM (HECKY -
YEeHHBIM) Ha TOM K€ IUIOIIAJN, U3Mepsisd YUCJI0 map 00bEeKTOB, pa3sHeCeHHBIX Ha yrou . Ecmum
DD(f) — uucao nap ranakTuK, HAXOJASIIIUXCS HA YIVIOBOM PACCTOSTHUM JPYr OT APYyTa B JlUa-
nazore or 0 10 6 + 060, a RR(f) — uucio ciaydailHbIX map € yrjaaMd pase/ieHds B TOM Ke
JIMaIa30He, TO yIyIoBas KOPPEeIAMOHHas (DYyHKIIUST ONPEIEIAeTCs KaKk

w(f) = DD(6) _ 1.
RR(0)
C apyroit cTOpOHbI, IPOCTPAHCTBEHHAsS KOPpessinuonHas dyukuus (1), onucbBaeMast CTeIeH-
HBIM 3aKOHOM C HAKJIOHOM 7 W KOPPEJANUOHHOM JIuHOi 7, ompeenserca kak (Blake, Wall,

2002a) i
)= (Z) aea

0
rjle 3HaYEeHNe uH/EKca Kjacrepusaiuu € = ( 03Ha4aeT CKyduBaHUE B KOODJMHATAX HADJIIO/IA-
Teisd, € = Y — 3 — CKy4MBAHUE B COIyTCIBYIOIIMX KOOD/MHATAX, € = 7y — 1 onuchbiBaeT pocr
CKydIHBaHU:A B JHHEHON Teopun [62].
[Tpoekums dyuxiyn &(r) na nebecuyto cepy OIUCHIBACTCS yII0BOI KOPPEAAIUOHHON (DyHK-
mueii [62]:
w(f) = ab* .

[Ipu npoeknuu Ha cdhepy TPOUCXOIUT UHTEIPUPOBAHUE 110 PACHPEIEIEHUI0 YUC/Ia PAIUOUCTOY-
HUKOB 110 KpacHblM cMernenuam N (z) [63], a z maa GoapumucTBa o6bekroB NVSS u FIRST
neussecTHO. [Ipu BbIGOpe 3HAaueHus €, (popmbl pacupexaenerus N(z) [59, 64] u Tuna xKocmos0-
rudeckoit Mojesn (nanpumep, p=1) MOXKHO OLEHUTH KOPPEJIAIMOHHYIO JJIMHY — HapaMerp rg
[65]. A makon dynkmun w(f) HEIOCPEICTBEHHO IaeT mapamerp . /1o ompemeseHHbIX IOTHO-
creil MOTOKOB U yIVIOBBIX PAa3MEPOB, I'/Ie HE CKA3bIBAIOTCs cucremarunydeckue 3O@eKThl, yIaeTcs
HCCIIeZIOBATh YIIOBYIO KOppessnuoHuyio dyuknuio [65, 66]. Ilo manneiM oboux paamoob30poB
(NVSS u FIRST), obuapyzxeno, uro w(f) o< 0798 wro maer, B cBoio ouepems, v =~ 1.8. Dro
3HAYEHUE COOTBETCTBYET AHAJOIMYHBIM UCC/IE/IOBAHUAM B ONTUYECKOM Juara3zone. OO0mmit Buj
YIJIOBO# KOPPEsuoHHOM dyHKmu i karagora NVSS nokazan Ha Puc. 19. U3 pucyska Buji-
HO, 4TO BKJIaJIoM B pyHKImio w(f) paguorajakTukamu pazmepoM 6 npenebpedsb Hejb3s BILIOTH
10 yruoB 6 <~ 0°1, Tak Kak Ha yr/ioBbix Macmrabax 8 < 091 yriosast koppessinmonnast by HKIMsE
3¢ dekTUBHO U3MepsieT paclpejie/ieHne Pa3MepPOB PaJIMOrajakKTUK, KOTOPOe U JIOMUHUDYET IIPU
otrpejiejieHun quciia 6ym3kux nap. Ha 66sbiux macirabax nabiiogaercd 3 deKT CKyYnBaHusd,
onuchIBaeMblil crenennbM 3akonom w(f) = A~ e ammmryna ckyumnsanus A ~ 1 x 1073 u
k03 dunuent Hakmona « = 0.8. Bysiik u Yoyt |65, 66] ormedaroT, 9To 9T mapaMeTrpbl COBIIa-
npator Jst 0630poB NVSS u FIRST, #e 3aBucsaT oT mopora mja0THOCTH MOTOKA U COOTBETCTBYIOT
IIPOCTPAHCTBEHHOMN [IHHe cKyumBanus ro ~ 6k~ Mmc.

Ormerum, 910 9hdeKT CKyInBaHUS PAJIUOUCTOTHUKOB, OOHAPYKEHHBIA B Pa O UIIA30HE,
€CTb OTpaKeHUe UCCJIe0BAHHON B ONTHKE KPYIHOMACIITAOHON CTPYKTYPbI U OIIPEIe/IsIeTCs Cia-
Obivu (S1.4rry < 20M8H) n 6uskumu (2 < 0.1) obbekramu. B 910M CMmbIC/Ie TECT HA KaacTepu-
3aIIAI0 PAUOTAJAKTUK BTOPUYEH 10 OTHOIIEHUO K ONTUYECKUM UCC/IETOBAHUSIM, HO OH OTBETHJI
Ha BOIIPOCHI, CBSI3aHHBIE C JOJIIUM HeoOHapyxkeHueMm dpdekra B paguonabrogenusx. OcobeH-
HOCTH CKYYUBAaHUS PA/UOTAJAKTUK IO3BOJIU/IN OMPEIETUTh Psijl KOCMOJIOTUYECKUX TTapaMeTpoB
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Puc. 19: Pe3ysibrarsr u3amepenusi yrjioBoit KOppeasiiuOHHON DYHKIUY [IJisd PAIMOUCTOIHUKOB 00-
3opa NVSS ¢ mmxamMz moporamu mwioraocTeil motokoB 20 MéAu (crmomusie kpyxRku) u 10 mfu
(mostele OKpyKHOCTH). JIMHUSME TOKA3aHbI ANMIPOKCHMUPYOIIIE KPUBbIE PA3HBIX dacTeil hyHK-
mun w(6). Ammryga w(f) Ha MaIbIX yryiax siBASETCs Pe3yJIbTaToOM BKJIA/1a MHOIOKOMIIOHEHT-
HBIX ICTOYHUKOB U YMEHBITAETCH C HUKHIM ITIOPOTOM IJIOTHOCTH MTOTOKA BCJIEICTBUE YBETTICHUS
HOBEPXHOCTHOMN noTHOCTH. [lapamerpsl cocrasisiomeil kpusoit w(f) wa 6osbmux yrnax 6 ne
3aBHCAT OT [MOPOTa IJIOTHOCTH MOTOKA. PUCYHOK BOocmpom3seneHn m3 paboTs [66).

TaKMX, KaK JIMHeWHbIi Oaiiec criekTpa MormaocTu by = 1.8940.27 u npocTpaHcTBeHHBINR MACIITA0
CKY4YHUBaHULA T'( ~ 6h~! Muk. Bamerum, uTo Tecr Ha CKY4YHUBAaHUE ABJIACTCA UM TECTOM Ha 9BOJIIO-
U0, T.K. UCIIOJIb3YeT PACIIpE/IeIeHIe PAIUONCTOYHUKOB B 3aBUCUMOCTH OT KPACHOI'O CMEIIEeHNS.

3.3.5 [I'paBuranuoHHOE JINH3UPOBAHUE

OTKpBITHE MIPEICKA3aHHBIX JUHIITEHHOM IPABATAIIMOHHLIX JIMH3 JA/I0 MOIIHON TOTIOK METOTH-
Ke U3MEPEHUs KOCMOJIOPUIECKUX [TaPAMETPOB U MOUCKA, JTAJEKUX 00bEKTOB. A PaJMOrajak THKK
OBLIH OMHUMU U3 IIEPBBIX 00BEKTOB, KOTOPHIE MPUMEHSIINCH B KAUECTBe 30H0B IIPH IIOUCKE I'Pa-
BUTAIMOHHBIX JITH3. DTO CBSI3aHO U C TEM, UTO POSUTETHCKIE FAJTAKTUKH SIBJIAIOTCSI, B OCHOBHOM,
CaMbIMM MACCUBHBIMU T'aJIaK THKAMU CKOIIJIEHWI, 8 TAKYKE C TEM, YTO PAIUOraJaK TUKU HAXO/ISATCS
B CKOILJICHHSIX TAJIAKTUK — 00BbEKTOB, HanboJ/iee CHIHbHO NCKPUB/IAONINX MPOCcTpancTBo. OmHmm
u3 HambOJIee MPUMEYATEIbHBIX COOBITUI PAMOACTPOHOMUHN SIBUJIOCH OTKPBITHE [IEPBOrO DifH-
mreitnoBckoro kosbia (Puc. 20) mpu uccnenosannu wa pagnoresneckome VLA pagmorasakTuk
MIT ob63zopa [67]. Pajunomopdosiorusi Takoro MCTOYHMKA [10KA3bIBAET CUMMETDUYHBIN C/Lydail
FPABUTAIMOHHOTO JIMH3UPOBAHNSA, IIPA KOTOPOM JIMH3UPYEMbIil HCTOYHUK PACTATUBACTCA B KOJIb-
10. OueBniHas JErKOCTh IPU TPOBEIEHN MOPMOIOrnIecKoil cesleknuu (KaKk B Pajuo, Tak v B
ONTHYECKOM [MAlla30HaX) M CPABHUTEIBHO BBICOKAS CTATHCTHYECKAS BEPOSITHOCTH OOHApPYIKe-
HUsI O3BOJIMJIM OTPA0OTATh METOIMKY IOMCKA 9TuX 00bekToB (Hanpumep, ror ke MIT-0630p
|67| nmu 3aBepmuBmmiics 0630p CLASS — “Cosmic Lens All Sky Survey” [68]).

[TonckoBbie 0630pbI TPABUTAIIMOHHBIX JIMH3 UMEIOT KOCMOJIOTHYECKOe MPIIOKeHne (Hampu-
mep, [69]). Ipu Hasmuum 60JIbIIOrO MACCUBA CTATUCTUYECKUX JIAHHBIX, OIlEHKA KOCMOJIOIMYECuX
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Puc. 20: 'paBuramumonHble JUH3BI TUIA “DUHIITEHHOBCKOE KOJIbIO™ B paanomumamnasone. Ciesa:
pajuoncrounuk MG 11314-0456. Puc. nocrpoen 1o panubiv 0630opa MIT-VLA [67], s06e3u0
upegocrasiaeHabiM A.@eraepom u B.Bepkom. Cupasa: pagmoucrounuxk JVAS B 19384666 (w3
paborsl [71]). OcobeHHOCTHIO 9TO0M rPABUTALMOHHOI JIMH3bL, B YaCTHOCTH, $IBJISI€TCS CyILECTBOBA~
HUS PSOM YIaCTBYIOMIEH B IMH3NPOBAHUN TEMHOI raJaKTUKU-CITy THIKE, OMPEeeITeMOit TOTBKO
110 'PABUTALMOHHOMY MCKayKeHUIO cBera, [72].

apaMeTpoB MOXKeT ObITh mpom3senena [70| myTeMm BbIMUCIEHUS BEPOATHOCTH P(Z, Ly, 2A) TO-
o, 94TO MCTOYHHUK Ha KpPaCHOM CMeEIIeHUMW Z CUJIbHO JIMH3WPOBAH. TOI')Ia; MO2KHO HaMTHU 4YUCJIO
JINH3UPYEMBIX 00bEKTOB

N = Zp(zi,Qm,QA)B(L,-,z,-)g(AH,Af) = ZT(Z,-),

i

rae B(L;, z;) — rak naswbiBaemblii “Gaitec ycunenus” (“magnification bias”) (Kochanek, 1996)
JIsl PAJIMOUCTOYHUKA HAa KPACHOM CMeIeHun z co ceeruMoctbio L, g(Af, Af) — dbyuknus ce-
JIEKIIMY, CBsi3aHHAs C BO3MOXKHOCTBIO pasjiesieHusi n3obpakeruit A u OTHOIIEHHEM [TOTOKOB
Af KOMIOHEHT CHJIbHO JIMH3UPYEMBIX HCTOYHWUKOB, | — WHAEKC (HOMEp) MCTOYHHKA B BBIOOD-
Ke. CTpOH (byHKHHIO HpaB,ﬂ;OHOﬂO6I/I5{ Ha OCHOBE CTATUCTUKU JIMH3UPYEMbIX DAJIUOUCTOYHUKOB U
MUHUMU3UPYS €€, YIAeTCs OMEHUTh PA3HOCTE mMapaMeTpoB (2, — (2p, a B IPEITOJOKEHNN CYIIIe-
CTBOBaHMsI CKAJIIPHOIO 1OJIst — OIEHUTD (), —w, rj1e B ypasHeHun cocrosuus w = Py, /p, Py u py
COOTBETCTBEHHO 0O03HAYAIOT TABJEHNE W TJIOTHOCTH CKAIAPHOTO mouist. OTEeHKH, MOy YeHHbIe B
o63ope CLASS, moka3zasu [68|, uro misa mwiockoii BeeeHHOI ¢ KIACCHIECKOIT KOCMOIOITIECKOi
nocTosHuo sosist Marepun cocrasisier Oy, = 0.31702 (68%7512), a s miockoit Beenermoii
C ypaBHEHHeM COCTOSHHUs /ist Temuoii sreprun — w < —0.55701% (68%).

FpaBI/ITaHI/IOHHbIe JIMH3bI Ha Ha,CTOf{H_[I/Iﬁ MOMEHT dABJIAIOTCA OJHUM U3 Ha,I/I6OJ'[ee BaKHbIX
HE3aBUCUMbBIX TECTOB IIPU UCCJICA0BAHNN KOCMOJIOTUYICCKHUX ITapaMeTpPOB IIJIOTHOCTHU. KpOMe TO-
1o, (hOKyCcHpys W yCHINBasg MPOXOJLAIee BO3Je HUX WBJIyUeHHe, OHU TO3BOJISIIOT 0DHAPYKUTDH
JlaJIeKue 00bEKThI, HEJOCTYIIHbIE Jijisd HADJIIOIEHUs] C IIOMOIIBIO CYIIECTBYIOIIMX UHCTPYMEHTOB.
Takum 06pazoM, HAPSITY C IPeIOCTABIEHIEeM BO3MOKHOCTH MU3MEPEHUsT TapaMeTpOB, JIMH3bI sIB-
JISIIOTCS “THMAHTCKAMUA KOCMUYECKUMEI TEJIeCKOIaMu’ JIjisd KCCJIeS0BaHus OYeHb JaJ/ieKoi Beesen-
HOTA.

3.3.6 BospacT 3Be3IHbIX CHUCTEM

BOSpaCT PAJIAKTUKHI MOXKET ObITh UCIIOJIb30BAH AJId IIOCTPOCHUA HE3aBUCUMOI'O Ha6J’IIO,ZLaTeJ'[bHO-
'O TeCTa [AJId OIECHKHN JUHAMUKH PACIINDEHNA Bcenennoii. Eciin MbI 3HaeMm SIIOXY BOSHUKHOBEHUA
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FaJakTHK U MOYKEM U3MEPHTH €€ BO3PACT agey, IO COCTABY 3BE3/IHOIO HACEIEHHS, TO MOKEM 1
oreHUTH BO3pacT Bcesiennoit ¢ Ha 3a/[aHHOM KPACHOM CMEIIEHUU Zobs:

ageg = t(2obs) — t(ze) + at(ze) ,

rjle MapaMerp (¢ XapaKTepusyer TUIUYHBIA BO3DACT 3BE3J B JI0JSX BO3pacTa Bcesnennoii, T.e.
TaK HA3BIBAEMYIO SMOXY KoJitamca |73|, z, — KpacHOe CMeIeHHe MOMEHTa 3aBEpIIeHUs 3Be3-
noobpazosanus. [Tukok [73] ormedaer, 4ro st JUIMITUYECKUX TAJaKTUK B HACTOSILLYIO SIIOXY
TOJIKO II0 COOTHOIIEHWIO “I[BET—BEINYNHA YIAETCH TeOPeTUYecKru onucarthb 3PpdeKT yIBoeHus
MaCChI 3a CYET CJAUSTHUS TaIaKTUK, HAYMHAST ¢ MOMEHTa 3aBEPIIEHUST 3BE3/[000PA30BaAHUs. DTOMY
COOTBETCTBYeT BejimunHa Kodddurmenta o ~ 0.3.

Bospacr rayrakTuk Tak:Ke XapaKTepusyer 3BOJIIONUIO BEIeCTBa BO BCeIeHHON B [IEJI0M, aK-
TUBHOCTH #Jiep FaJaKTUK U CBI3aHHBIMU C HUMHU CBEPXMACCUBHBIMHU YEPHBIMHU JbIpaMu. 1ax,
Hanpumep, obuapyzkenue paguorasakruku TN J0924-2201 ¢ kpacubiv cmerienuem z = 5.19 [36]
[IOKA3aJI0, 9TO [jIsi MACCUBHOW YEPHO# JbIPbI, 0DECIeInBaIONeil aKTUBHOCTH TAJIAKTUKHU I[IPHU
Bo3pacte Bcesnennoit okojio 1 Mjipj. Jjier, Tpedyercsd o4eHb OBICTPBIA U 3P OEKTUBHBIN TPOIECC
ee obpazosanus [74]. Ipyras unrepecuasi npobsema CBsi3aHa C CyLIECTBOBAHUEM OY€Hb CTAPO-
r0 3BE3HOrO HaceseHWsl Ha OOJBIINX KPACHBIX CMelieHusX |75|, KoTopas Kak pa3 perraercs
B KocMmosornn ¢ A—anenom. 3aranka, CBa3aHHasg ¢ OBICTPBHIM (DOPMUPOBAHUEM THTAHTCKIAX JI-
JINOITAYIECKUX TAJaKTUK, PEIIAaeTcsd B mepapxudaeckoir cxeme B pamkax mozxean ACDM, xorma
raJIaKTUKW THUIlA gE 6bICTpO BbIDACTAIOT B DPE3yJjibTaTe C/ANAHUA COTECH MEJIKUX laJIaKTUK IIPpU
z ~ 10 + 13 |76], uro 6bLITO MOKA3aHO B BhIAMCAUTENbHOM 3Kcrmepumente Millenium, ucmosp3y-
IOIIEM PACYeThl I 21603 wacrui,

s oneHku Bo3pacTra 3BE3JHON cucTteMbl TpebytoTcs (poToMeTpuYecKre M3MepeHus: U 3Ha-
Hue pacupesesienus snepruu B cnekrpe (Spectral Energy Distribution — SED) sjmnruueckux
raJIaKTUK, OMPEIEIsIeMOr0 COCTABOM 3Be3/IHOTO HaceeHust. OeHKa Bo3pacTa rajlak THKY [TPOU3-
BOJIUTCA BBIOOpOM omnTuMajbHO Momenun SED, coorBercrBytomieil (hoToMeTpUYecKUM JTaHHBIM
[39]. Torpa, ucnosb3ysi MaKCUMaJIbHBI BO3PACT TajlakKTHK HA 3a/IaHHBIX Z, MOKHO [IOCTPOUTH
orubaroryto t(z), XapaKTepu3yoILyo Bo3pacT BceesleHHOI B STI0XY 2 M JUHAMUKY €€ PACIIHpe-
HUY, ONUCBIBACMYIO IapaMeETPpaMu ILJIOTHOCTU:

L[ &
©=5" | o

rie
h(z) = [Qy (1 4+ 2)* + Q1+ 2)% — (Qo — 1)(1 + 2)% + Q]2

B pabore [77] 6l cienanbl oLeHKH KoCcMoJlorndeckux napamerpos Hy u Qp 1o doromerpu-
YECKUM JIAHHBIM JIJIsi TPEX BBIOOPOK TaJlaKTUK: PaJinorajakTuk nporpammbl “Bosbmaioe Tpuo”,
pajuorajiakTuk ¢ z > 1 [78] n ssummnruyeckux rajakTuk u3 ckomienuit itbosa ¢ z < 1 [79]. Pac-
YeT IapaMeTPOB IIPOBOJIMJICS JIJis OIEHOK BO3PACTa 3BE3/IHBIX CUCTEM JIJIs ABYX SBOJIIOIHMOHHBIX
mogeseit SED: PEGASE [80] u GISSEL98 [81]. ITouronka dynkuun t(z) 1101 aHaju3upyemble
JTAHHBIE [TPOM3BOAMUIACH C MIOMOIIBIO BAPHAIUH YeThipex mapamerpos (Hy, ,,, Qa, B). g an-
[MPOKCUMAIIMK JAHHBIX BECH JMAIA30H KPACHBIX CMEIeHN pa30uBaeTcsa Ha paBHbIE MWHTEPBAJIBI
(6unbl) ¢ marom Az—0.2 win 0.3, 1 B KaxK/J0M 1n3 OGUHOB OLIPEJEIETCs MAKCUMAJILHOE 3HAYECHUE
Bo3pacta. s HaliIeHHBIX MAKCHMYMOB CTPOUTCs Orubaromas Kpusas t(z), a cyMMa KBaIpaToB
HEBS30K OIPEIENISAET YeThIPEXITAPAMETPUIECKYI0 (DYHKIINIO MpaBaonogodus. Pedyabrarsl mosm-
[OHKY TIapaMeTpoB mpusejieHbl B Tadsuie 1, B KOTOPO#i JaHbl TapaMeTpPhl alllPOKCUMAIMOHHBIX
KpuBbIX st uarepBasos Az= 0.2 u 0.3 gna obeux mozeseil 38e31H0r0 HaceseHus. Pesyibra-
ThI AIMPOKCUMAIUH JjIg MOJe/n dBoJoruu 3se3nnoro naceinenns GISSEL nemoncTpupytorcs
Puc. 21 n Tabnumeit 1.

[MomobubIit MeTox onpenenerusa Hy u {2\ aBASETCS JOCTATOTHO YCTONIMBBIM K BXOJHBIM TIa-
pamMerpaMm u cucremarnaeckuM ddderram. Kax mokazano MomeInpoBaHue, N3MEHEHNE HATaIb-
HOIl MeTA/IIMIHOCTH IIPUBOJUT K u3MeHeHnio Bo3pacta Ha 0.1Ier [82]. V3menenue naganpHOl

274



Age [Myr]

15000

10000

5000 [

GISSEL model (dz=0.2):

———— 2 parameters fitting
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GISSEL model (dz=0.3):

———— 2 parameters fitting

Redshift

Puc. 21: Basucumocrs t(z) ans mogenn GISSEL. Cnesa — auckperuzanus Az=0.2, cupasa —
muckperm3anug Az=0.3. Kpupble MOCTPOEHBI 10 MAKCUMYMaM BO3PACTOB FAJAKTHK B 3aJaHHBIX
MHTEPBAJIAX KPACHBIX CMEIEHUH.

Tabsuna 1: /Ipyxmapamerpudeckas MOJIOHKA KOCMOJIOIMYECKUX ITAPAMETPOB g t(z) Jjist al-
IPOKCUMAIMOHHLIX KPpUBLIX ¢ Omuamu Az=0.2 u 0.3 gia obenx Mozjesneil 3Be31HOr0 HACEJICHUS.

vonenb Az Q, Qp Hy

SED [Muer]
GISSEL 0.2 0.2 0.8 77.7 1695
GISSEL 0.3 0.2 0.8 71.5 1367

dbynkuun mace IMF raxkeke npakruvecku ne mensier mogesn SED [81]. Omubka oupeyesenus
BO3pPAcTa, KOTOpas MOXKET ObITh CBA3aHa C HENPABU/ILHON KjaccuduKalueil THa rajakTuku, a
caeoBare/ibHo, u BbiOopoM SED, B jlaHHOM Cilydae Urpaer B MOJIb3Y OMUCHIBAEMOIO IOXO0/1A.
Mogenu SED, coorBeTcTByoONIre S/THITUIECKIM IaJaKTHKAM, JAI0T CAaMOe CTapoe 3Be3/IHOe Ha-
ceJleHNe CPEe/IU BCEX CIIEKTPOB. Ecjiu XKe B rajlakTUKe BCTpedaroTcs 00/1acTu 38e3/1000pa30BaHusd,
Jlaroipe BKJaad B GOTOMETPUYECKHE JAHHbIE, TO BbIOOP ouTuMaJibHO Mojgean SED cmemaercs B
cTOpoHy H0Jjiee MOJIOIOTO 3BE3/IHOIO HACEIEHNS, ¥ TaJaKTUKA BBINA/IAeT U3 Hallleil BHIOOPKHU, T.K.
J1st mocTpoenust t(2) MCIOIBb3YIOTCS MAKCUMAJIbHBIE 3HAYEHUsT BO3PACTA HA 3a/IaHHOM MHTEPBa-
Jie z. Biinsinue mosiHOTHI BBIOOPKU MOYKHO MPOBEPHUTH C IIOMOIIBIO MeToja Oyrcrpana. B srom
Caydae MCXOHas BbIDOPKA, PA3MHOXKAETCS IyTEeM YBEJIUYEHUsT YUC/Ia CYIIECTBYIONMX 00bEKTOB
IPOCTBIM MOBTOPOM (B HamieM ciaydae Kod(hD(MUIMEHT Pa3MHOKEHIs BBIOOPKE OPAJCs PABHBIM
100). 1o nossossier cchopMupoBaTh HOBYIO BbIOOPKY. Ecsin u3 Hee ciayvaiiHoro Beibupars rajiak-
TUKM, TO MOXKHO OIEHUTb pa3bpoc WX CBOWCTB, CBA3aHHBIN ¢ Hemo/HOTOH. Kak mokaszas recr,
omubKa pa3dpoca MmapaMerpoB, OLEHEHHAs B MATUIECITA DNEHEPAIUIX METOAOM OyTCTpIIa He
IpeBBICHTA 7.

3aMeruM, 4YTO METO/bI C UCIIOJIb30BAHNEM I[BETOBLIX U CIEKTPAJIbHBIX BO3PACTOB IajaKTHK
OCHOBAHbI Ha, XPOHOMETPUPOBAHUHU TEMIIOB paciiuperusi BeesieHHoi 110 husnaeckuM mporeccam,
CB3AHHBIM HE C KOCMOJIOT'HEll, & C TEMIIAMU $i/IEPHBIX PEAKIUil B 3Be3/1aX. JHAHUA O TEMIIAX pe-
aKIUil Jiist CTaHJapTHBIX 3Be3)1 Tuiia COJTHIE JO0CTATOYHO TOYHBI U B IMOC/IEIHUE JTECSITUICTUS
[OJIYYM/IA MHOT'OYUC/IEHHBIE TPsiMble U KOCBEHHbIE TOATBep:k/IeHus. Heobxonumo Takxke cka-
3aTh, YTO MOJAOOHBIN METO/ B IPUMEHEHUH K PAJUOTATaK TUKAM MOXKET UMETh HEOIPEIeeHHOCTH
¢ boTOMETPUIECKUMIE OIPEIETCHIIMI BO3pACTa U3-3a Pas3HbIX (aKTOpoB (cM. Hampumep, [83]).
DT0 U MOHW3ALMS WK IPOCBEYNBAHUE CUHXPOTPOHHOIO U3JIyYeHUs OT siJ[pa, U B3aUMOJIeiCTBIE
00JIaKOB ¥ JKeTa ¥ T.II., KOPPEKTHOe pa3BUTHE KOTOpLIX Tpebyerca B mojensx SED. Kpome
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Puc. 22: Pacnpeniesienne 3Ha9eHniI MacC Y€PHBIX JBIP, MOy IE€HHBIX 110 MOJTHON PaINOMOITHOCTHI
(cBerumoctu) Ha 5Ty g1t BEIGOpKYU pajmoranakTuk. 13 pabors: [89].

TOr0, FAJIAKTUKY HA PAHHUX CTAAUAX MOTYT ObITh B3aUMO/EHCTBYIONINME, YTO U3MEHSIET 3BE3/I-
HOEe HaCeJIEHUE U YBeJIMYUBAET HEBA3KY IpU BbIOOpe MakcUMyMa mpaBionoobus. Tem He menee,
PaMOraJJaKTUKU OCTAIOTCs TMOKA €IMHCTBEHHBIM IPOCTBIM CPEJACTBOM H3Y4YEHUs] aKTUBHBIX JJi-
JINOTAYECKUX TAJaKTHK Ha OOJBIMNX KPACHBIX CMENEHUAX. A B MOJb3Y IPUMEHSIMBIX METOIOB
ompejie/ieHnsi BO3PacTa rOBOPUT ONMCAaHHAs Bbimre puarpamma “K—z”, koropasi [1eMOHCTPUPYIOT
COOTBETCTBUE 3BE3JHOIO HACEJCHUS PAJMOTAJTAKTHK (M JATeKNX DPaJIHOTATAKTHK) SJITANTHIEe-
CKUM TAIAKTHKAM.

3.3.7 C(CBepxMacCUBHBIE YEPHDBIE IbIPbI

OpHoit U3 MEHTPabHBIX MPOGJIEM HCCIeOBaHUS TAJEKHX paguoranakTuk (z > 0.3) asiser-
Csl BOIPOC NPOMCXOXKJIEHHsI U CKOPOCTH POCTa CBepxmaccuBHbIX uephbix Abip (CMY/) B nx
sgiapax. OTKpbITHE paJuorajlakTUK Ha OOJIBIINX KPAaCHBIX cMerieHusax Takmx, Kak TN J0924-
2201 ¢ z=5.19 [36], xoraa Bospact Beenennoit cocrasst seero t ~ 1.1 x 109 ner (9, = 0.27,
Qp = 0.73,Hy = 70 xm/c/Mnk), u z = 4.515 [29] ¢ t ~ 1.3 x 10% e, a TakxKe KBazapos
Ha z = 6.43 [84] u z = 7.085 [85] ¢ Bospacrom Bcenennoit t ~800-900 muin. Jsier na Mo-
MEHT W3JTy9eHHsI, IPOIBIIO IpobseMy 00bscHeHus: ObicTporo obpazosanns CMYJI (¢ macca-
vu M ~ 109M@) B PAHHION 310Xy 3BojIoIuu Beenennoit. OTmernM Tak»Ke U CyIieCTBOBAHUE
rajakTuk Ha z = 6.545 [86] u z = 8.55 [37], u ramma-Bcuiecka Ha z = 8.2 [87]. Boicrpoe (B
reuerne 800 MyH. jteT) obpa3oBanue YepHbIX AbIp B pamkax ACDM-kocmonornn Tpebyer mpu-
MEHEHUS 0COOBIX MOJIEel, 00bACHSIIONNX CKOPOCTh nxX pocta. Kak B cBoe BpeMst OBLIO OTMEIEHO
B pabore |74], ecn popMupOBaHIE MACCHBHBIX UEPHBIX JIBIP OMUCHLIBACTCI MEPAPXUIECKON CXe-
MO# TaK Ke, KaK 1 (DOPMUPOBAHUE UX POJMTEIHCKUX MAJIAKTUK, TO 9TOT HPOIECC T0JI2KEH ObIThH
obicTpbiM U 3pdexTuBHbIM. HacTo s 00bacuenus cymecroBanusg CMY /L npusiiekaiorcs Mo-
JIeJId C TePBUYHBIMU MACCUBHBIMU YEPHBIME JIbIpAMU, CHOPMUPOBABIIMMUCS HOCIE BOJIBIIOro
B3peiBa, HO 70 0oOpa3oBanug rajakTuk. Ho moka B paMKax nepapXudecKoil MO/, COOTBET-
crBytomeii kocmoorun ACDM, ynaerca oobsacaurs poct CMYJI nomobuo pocry gE-ramakrux
[76]. DTO cTaHOBUTCSA 3aKOHOMEPHBIM, €CJIH IIPU3HATEH CYNIECTBOBAHUE (DYHIAMEHTAIBHOM MI0C-
KOCTHU PA/MOTaJIAKTHUK, JI€MOHCTPUPYIOIEH KOPPEIdIuu MACChl, CBETUMOCTH, [IBETA, MOIIHOCTH
U3JIyYeHUsl B JIMHUSIX, pajuomoinsoctu u 1.1. [88]. Ouenkn mace Y juist 2400 pajmoraiakTuk,
npoBe/ieHEbIe B pabore [89], 7eMOHCTPHPYIOT HAJUYME MHKA B PACIPEIETCHUN MACC HA 2 ~ 2
(Puc. 22), roBopsiniero B 10J/ib3y MEPApPXUIECKON MOJEIn.
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3.3.8 PajgmorajakTuKy U KOCMUYECKUlI MUKPOBOJIHOBOI (poH

Teopernyecku MHTErPAIBHOE BIUSHUE HAa KOCMUIeCKuit MukpoBosinosoii dou (Cosmic Microwave
Background — CMB) pajsorasak TuK, BOSHUKIIIX OC/IE MOMEHTa DEKOMOMHAINH, HE CTOJIb Be-
JIMKO, KaK IIEePBUYIHBIX BO3MyHLeHI/IfI IIJIOTHOCTH. O,E[HaKO MO2KHO BbIAEJIUTDH TPU ACIIeKTa, Ba2KHbIX
upu uccaenosannu CMB. (1) PagmorasmakTuku B/ISIOTCI HHIXKATOPAME CKOILTEHUI TaJaKTHK,
KOTOpbIE, B CBOIO OYEPE/b, SBJIAIOTCI MCTOYHUKOM BTOPUYHON AHU30TPOIWH, OOYCJAOBIEHHOM
spdexrom 3enbroeuua—Cronsiesa [90] u Bospacraromieii Ha yriobix Macmrabax 6 < 5. (2) Un-
rerpasbhblii 3 dexr Cakca—Bosbda [91] Takrke cBsi3aHHbIA ¢ KPYITHOMACIITAOHO CTPYKTY PO
6 > 2° m oDYCNOBJIEHHBI M3MEHEHHEM YACTOTHI (POTOHA B MEPEMEHHOM T'PABUTAIIMOHOM II0-
Terruasie GOPMUPYIOMMXCH CKOILIEHN! raJIaKTUK U paciupsifoiieiics Beenennoit, moxer ObITh
UCCJIeIOBAH C ITOMOIIBIO KAPThl PACIpe/eienns pajiuorajakTuk Ha Hebe. Hecmorpsa na masocTo
sroro 3ddeKTa B BbIIEJIEHHBIX 00/1aCTsIX, MHTErPAIbHBIN 3DdEKT 110 noJIHOMY HEeDy JaeT J0I0/I-
HUTEeJIbHYIO MHMOPMaLKio 0 wiorHocru reMuoil snepruu [92]. (3) Cepbesnast upobiiema, Kperko
CBA3BIBAIOIIASA PA/IMOTAJIAKTUKNA W MCC/IE0BAHUS PEJTUKTOBOTO U3JIyUeHUsI, 3aK/TI0YAETCT B Me-
TOJaX YUCTKU MHUKPOBOJIHOBOT'O (bOHa MMEHHO OT BHETAJIAKTUYICCKUX MCTOYHUKOB Ha MaJIbIX yI'-
JIOBBIX MacinTabax. Merosbl Bbiie/IeHus PAIMOTAJIAKTUK U, YTO Haubojiee BayKHO, UX YIAJEHUS
[IPE/ICTABJIAIOT IEPBOCTEIEHHBIN MHTEPEeC B 00JjiacTu ucciaenoBanuns pOHOBLIX uijydenuii. [lep-
Bag yC/IOBHAS B3AUMOCB3b MEXKJY PEJMKTOBBIM U3/Iy4YeHHEM U rajlakKTUKaMu ObLIa yITeHa ere
B Hagasie 60-x npomwioro Beka 10 orkpbiTus llen3uaca u Buabcona, korga lopomkesuya u Ho-
BUKOB |93| mokazajiu, B KAKOM JMAlla30He JIMH BOJTH MOXKHO HAO/IIOIATh 9TOT MUKDPOBOJTHOBBII
GdOH, MUHUMUBUPYST BKJIAJl FAJAKTUK B HabJII0aeMoe usjtydeHue. B Hacrosiiiee Bpemst npodJie-
Ma pasjesienus 3H@PEeKTOB JUCKPETHBIX PAJMOUCTOYHUKOB U (DOHOBBIX u3jydenuit Bcesrennoii
ABJIACTCA JJOBOJIBHO OCTpOfI IIpu NOBBIIMEHUNU YyBCTBUTE/IbHOCTU IKCIIEPUMEHTOB. K 9TOMY J10-
OaBJiseTCs IPUHIMAIIMAJIbHAS IPOO/IEMA IPABUIBHON OMEHKHN BKJIA/A PEJIMKTOBOIO W3JIyYeHUS B
obrmit dpon ueba. Takas 3a7a4a ABAGETCAd HETPUBUALHON Jla2Ke /ISl UJI€ATHLHOTIO PAJIMOTE e~
CKOIIa, IIPEJIEJIbHO BBICOKOW 4yBCTBUTEJbHOCTH 1 pasperieHus. He yriuybiisisice B 91y npobiiemy,
OTMETHM, 9TO (&) MOJIEIUPOBAHIE PACIPEIETCHIA PAJIUOTATAKTHK C YIETOM UX SBOJIOIUA 103~
BOJISIET CJeJIaTh OLEHKM BKJaja B yraoBoil cuektp mommoctu u (b) yriosble macurrabbl, Ha
KOTOPBIX 9TOT BKJIAJ[ JA€T 3HAYUMbIA CUTHAJ, HE ABJISIOTCS OIPEIE/IIONUMU IPU U3MEPEHUN
byHaMeHTAIbHBIX KOCMOJIOIMYECKHUX HapaMerpos [94].

Kacasce BrOporo acmekTta, cBg3biBatoiiero pajuorajaktuku u CMB, ormerum, 4ro uHTe-
pec k addexry Caxca—Boubba ycunmics nocie nybsimkanuun padorst [95], rae uccaemyercs
Xonomuoe Ilaruno na xapre CMB ¢ merayccoBbIMu CBOHCTBAMU U IajeHNE ILJIOTHOCTH SPKUX
paamorasakTuK B 9TO# obsactu mo marEbIM Kartasgora NVSS. CymecTByiOT pas3Hble MHEHWST O
[IPOUCXOK/IEHNY U MHTepruperanun Xo0aH0ro [larHa, 0bcy K ienns KOTOPbIX Mbl J3/IUM B 9€T-
BepTOil JIEKIUH 110 PauOKOCMOJIOTUH.

Bepuewmcs k 3pdexry 3enbposuaa—CronsieBa. OH HabD/IIOAAETCS B PAJMOraio CKOIJIEHWH ra-
gakTuk |96, 97| u obyciosien obparabiM KoMmmroHOBCKUM 3D(HEKTOM, MPOSBIIAIOIINMCI TaM,
rje MHOrO (pOTOHOB W €CTh CBODOJHBIE U ropsume 3eKTponbl. MuOro poroHoB comepuTca B
penukToBOM (hOHE — UX YUCJIO JOMUHUPYET HAJ[ BCEMU JIDYTUMU UCTOYHUKAMU CBETA B €IUHUIIE
obbema (400 wr/cv?). B pesyabrare npoucxoput adbdext obparnoro Kominronosckoro pac-
cegaug poronoB CMB na ropsuux sjekTpoHax. V3MeHeHre MHTEHCUBHOCTH Pa/UOU3/TyYCHUS
AaCTCA BbBIPDA2KEHUEM!:

(kTcms)®
“ho? yg(x),

riae Toyp — TeMieparypa peukToBro ussiydenus, a & = hv/kTopyp. Chnekrpanbias gopma
Takoro “reryioBoro 3¢ dexra”’ onuceiBaercs QpyHKIIUER

Al, =2

g(z) = 2'e®(zq coth(z/2) — 4) /(" — 1),

KOTOpadA CTAaHOBUTCHA TOJIOKATEJIbHON W OTpHHaTeﬂbHOﬁ COOTBETCTBEHHO /IJId BEJIMYUH 001X
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WJIA MEHBIINX, 9eM T9=3.83, ITO COOTBETCTBYET KPUTHUIECKO TacToTe vg=217 I'l'm. g xapak-
repuctuu dpdekra 3esbaosruaa—CroHsIeBa, UCIOJIB3YIOT TaAPAMETP KOMITTOHUBAIMN:

T,
y:/k—2neale,
me

rie ne u I, — COOTBETCTBEHHO 3JIEKTPOHHBIE ILJIOTHOCTH W TEMIEPaTypa, or — 1TOMCOHOBCKOE
cedenue, a WHTErpaJs bepercd 1o Jiydy 3peHus Mpu IPOXoxKjieHuu 4depe3 mja3my. [pu mpoxox-
JIEHUY W3JIyY€HUsI CKBO3b CKOIJIEHHWE TaJIAKTUK, KOTOPOE MOXKHO PAaCCMaTpUBaTh KaK 00JIaKO
[JIA3MbI, UHTErpaJl U3MEHEHUs CBETUMOCTH OyJieT uMersb (popmy

AF, :/AldﬂocY:/de.

B ciyuae, korja ra3 3axBarbiBaeTCs HOTEHIUAIBHON 9MOI, 00pPa30BaHHON 00BEKTOM C MAaCCOit
M, napamerp Y (uHTerpaibHbIl Y —IOTOK) IPOMOPINOHATIEH SJEKTPOHHOI TeMIepaTrype s
3a/IaHHOI MACChl ra3a WK IPOIOPIMOHAJIEH IPOCcTo Macce rasa My = foM:

Yo fo<T.>M.

Ha yka3aHHBIX BbIllle 4acTOTaxX Y MOXKeT OBITh OTPHUIIATE/NTbHBIM, U€M KU OTIHYAETCA OT IIOILY-
asnuit apyrux ucrounukos. dddekr 3enbposuua-Cionsiea (3C-addexr) na ropsiuem raze
OTBETCTBEHEH 33, PEHTTEHOBCKOe H3/ydueHrne OOrarbix CKomieHmil rasakTuk. OH oOHapyKeH C
BBICOKMM OTHOIIEHMEM CUIHAJI/IIyM U oTKaprorpaduposan s cored obbekros [96, 97].

Ormerum, yro npu uzmepennn 3C—sddexra MOXKHO OLPEJALINTD U IapaMeTp IL10THOCTH §2g
u napamerp Xab6/a h, KOTOpble BXOIAT B BeIpakenue [98| mjis remmeparypsr:

Q(]AC(Q(],Z) 1/3 % (1—|—Z)
180 M;s ’

rae A, — HeJIMHEeHHBIH KOHTPACT IJIOTHOCTH CKOILIEHHSI, KOTOPOe CKOJLIAIICHPOBAJIO Ha KPACHOM
cMmernennn z, a 115 — remieparypa CKOmeHus ¢ mMaccoit Mz = 1015h_1M@. OpHako ¢ yaerom
60J1ee TOYHOrO 3HAHKS KOCMOJIOMHYECKHX [IapPaMeTPOB, IOy YaeMbIX U3 HU3KUX MYJILTHIIONE pe-
JIMKTOBOrO u3sydennsi, 3C—addekT ncrnosb3yercs st MOUCKa 1 ONPEIEJeHU MACC CKOIJIEHUT
rajakTHK, IO3BOJISIONMX IIPOBEPITH MOJAEIN (DOPMUPOBAHUS KPYIHOMACIITAOHONR CTPYKTYPHI.

T(M, z) = Ti5h?/3 [

3.3.9 Ilomck TeMHOII MaTepuu B rajio

Ou1HOit U3 nHTEPECHBIX TIPOGJIEM KOCMOJIOTHH 0CTaeTCst 1pupoa remuoii marepun (TM), koropast
[IPOABJISIETCS B HAOJIIOMEHNAX KPHUBLIX BPAIEHNs MAJAKTHK, FPABATAINOHHLIX JTUH3aX, CKOILIE-
HUSIX FAJIAKTHUK, 8 TAKXKE B YIVIOBOM CIEKTPE MOIIHOCTH PEJIUKTOBOIO mu3jrydenus. s oObsiche-
HUS TeMHOI MAaTepUU HCIIOJIL3YIOTCA TaK Ha3bIBaeMble ‘CIab0 B3aHMMOIEHCTBYIOIIE MACCHUBHBIE
gacrunp’”’ (Weakly Intetactive Massive Particle — WIMP). O aHoit u3 0CHOBHBIX TPy IHOCTEl npu
0ObSICHeHNH IPUPOBI TEMHON MaTepPHUU SBJISIETCA TO, 9TO OHA B3aUMOJIEHCTBYeT ¢ OOBIYHBIM (BU-
JIMMbIM) BEHIECTBOM TOJIBKO rpaBurainonno. B mogensx ¢ WIMP Bosmoxkuo npossienne TM
B IIpOIecCe B3AMMOIENCTBAA U AHHUTHIANHH dacTuil. Kpome TOro, 3Ty MOAeab MOXKHO IIPO-
BEpUTH M3MEPEHUSIMU [IOTOKA AHTUIIPOTOHOB, YJIEKTPOHOB M ITO3UTPOHOB, FAMMa—U3/1yY€HUS U
HeATpuHO. PanoncTouHnky, CBA3aHHbIE C IPOTAKEHHBIMHI PAJIMOra/I0 B CKOILIEHUIX TATaKTHK,
HO3BOJIAIOT U3y4uuTh 31y 1pobiuemy [99]. dasekne pajpuorajakThku, HaXOJHACh B LEHTPE IIPO-
TOCKOILIEHW I, TOMOral0T MCKATh KAHMJIATHl B IIPOTOCKOILJIEHUS W TEM CAMBIM IIPOC/IE2KUBATH
[IOBEIEHNE PAIUOTAIO CKOILJIEHHUI M0 OOJIBINMNX KPACHBIX CMEITEHUI.

st 06bsicuennst uddysnoro paguorano Kosabpanuecko u Mee [99] npusiekaior pajuo-
HU3/IyI€HNE BBICOKOIHEPTMIHBIX SJEKTPOHOB, BO3HUKAIONINX B PE3y/IbTaTe PacCIajia IPOIYKTOB
anauruasuun dacrun, TM rakux, kak WIMP. Cpenu kanaugaros WIMP onu paccmarpusaior
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Puc. 23: Boccranosnennbie unrepdepomMerpudeckue u3obpakenus 3ddexTa 3eabIoBuYa—
CionsieBa, il pa3HbIX CKOILIEHUI rajakTUK B jualia3oHe KpacHbix cmemienuii 0.17 < z < 0.89.
KonTyps! m1poBejieHbl 110 ypOBHSM, IPOIOPINOHAIBHBIM 20. KOHTYDPBI C OTpUllaTeIbHBIMU YPOB-
HSIMU ITOCTPOEHBI CIJIONMIHBIMU JuHugMuU. [loymupraa cCHHTE3UPOBAHHO JUarpaMMbl HAIIPAB-
JIEHHOCTH [I0OKa3aHa JIJIMIICOM B JIEBOM HMXKHEM yIJly HA KarKJOM DUCYHKE. Y DOBEHb IllyMa 0 Ha
uzobpakennax or 25 mo 75 pK. Toyeunble pajnoncTouYHUKNA HA U300paKeHUdAX y/aJjeHbl. Bce
IIOKa3aHHbIE CKOILJIEHUA MMEIOT 6JII/I3KyIO PEHTTeHOBCKYIO CBETUMOCTbL M COOTBETCTBEHHO YPO-
Betb 3P deKrTa, HECMOTPA HA pPa3IUYUg B KPACHOM CMEIIEHUU B D pa3. IDTO JIEMOHCTPUPYET
HezaBucumoctsb 3ddexra or z. Pucynok Bocupousseien us padborst [96].

YACTUIBl YMEPEHHBIX SHEPIuil — HEeATpaJMHO X, KOTOPbIE IIPEJICKA3aHbl B CYLIEPCUMMETPUYHONR
crangapraoit mozgesu [100] u mMeror Maccy B AmMama3’oHe OT HECKOJIBKHUX JECATKOB JI0 COTEH
I'sB. Konadpanyecko u Mejie npogemocTpupoBaivi, 9T0 Jjisi OJHOPOJIHOIO MArHUTHOTO ITOJIS
(~ 1—3I'c) momyssinus peJIITHBUCTCKIX 3JIEKTPOHOB, 00Pa3yOIMIUXCs TP AHHUTH/ISIIIAN HefATpa-
JIMHO, MO2KET COOTBETCTBOBATH CHEKTPaM PaJAuOraJio Jjid ABYX XOPOHIO M3Yy4YCHHBIX CKOILJI€HU
rasakTuk Koma n 1E 0657-56. Eciu ke npumenuts Mo/ens Marauraoro mosst (MII), pagmansao
yOBIBAIOIIETO OT [EHTPA CKOILJIEHUS, TO Jijis COOTBETCTBUS PAIUOCIEKTPAM HEOOX0IMO IMPUHSITH
3Havenns HanpskeHHocTu MII B meHTpe cKomIeHnsT cOOTBETCTBEHHO paBHBIMEU ~81'c gma Ko-
Mbl 1 ~d0Ic gma 1E0657-56. PaccumTanable B 9TUX MOJENAX HEIPEPBIBHBIE PAJTMOCIEKTPHI
CPABHUTEJLHO XOPOIIO OIUCHIBAIOT MMeRomuecs Habsrogarenbubie jgannbie (Puc.24). lannbie
JJIST PAJNoOraao cooTBercTByor mpoduio miotaoctu TM [99]. Asropsr orMedaror, 4To (hopma
U 9aCTOTHOE PACIIMPEHUE CIIEKTPOB PAIMOra/i0 CKOILUIEHWH CBI3aHbI C MACCOM u (DU3MIECKUMU
COCTABJILIONMMEU HelTpauno. ducro kaaubpoBounoe ueilirpasuuo ¢ maccoit M=8015B coor-
BETCTBYIOT CIIEKTPaM pauorajo kak s ckomienust Koma, tak u 1E 0657-56. Mozgens xoporio
coryacyercs ¢ HabJIIOATeIbHBIMA JTAHHBIMU, KOTOPbIE MOKA3bIBAIOT, 9TO (1) TeHTp paamorasio
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Puc. 24: Cuekrp pajuoraio ckomieHuss Koma, npejickaszaHiblii B MOJE/IM C AHHUIUISIAER Heli-
TpasuHo ¢ qomuHuApoBanueM (epmuonos (xx — ff) [99]. Habmonare puble manHbIe TOKA3AHBI
gepHbIMU Kpy2KKamu. CIEKTp OJHOPOJIHOIO MAarHUTHOIO MOJist ¢ HampsixkeHHocTbio B=1.5 ul'c
[OKa3aH [ITPUXOBOW KPHUBOIl, CIIEKTP PaHa/ibHO CIIAJA0NEero MarHuTHOTO IOJI — CILIOITHOM
JIAHUEN.

COBITQJIAET C AMHAMIYECKIM I[EHTPOM CKOILJICHU, T/Ie TAKZKe HAXOJAUTCS ¥ [EHTP PACIIPEIeTeHIsT
PEHTIeHOBCKOTO u3Jyuenus; (2) moBEPXHOCTHAS SPKOCTb PajMorajo 1og00Ha PEeHTreHOBCKO;
(3) MoHOXpOMaTHUECKas PaJAnOCBeTUMOCTh Ha dacrore 1.4 '’ crporo koppemupyer ¢ Temmepa-
TYpOIl raza BHyTpHM CKOILIeHUs. MOjesib npeicKa3blBaeT, YT0 TaKue Pajuoraao J0A2KHbl ObITh
BO BCEX CKOILJICHUAX TaaKTUK. ABTOPBI OTMEYAIOT, 9TO CBETUMOCTH PA/IOTAI0 MOTYT MEHITHCS
(ymenbiarbes) ma mopsgaku (~ 102 — 10%) B 3aBucuMOCTH OT AMILIUTY/BI H CTPYKTYDPBI Mar-
HUTHOTO I0JIS BHYTPH CKOImeHus. Kpome Toro, HeiTpasbHbIE MHOHBI, BOSHUKAOIINE IPU AH-
HUTWJISIIIAY HEHTPAIMHO JOJKHBL yeuauTh uddysunoe y-usnyuenne. C yderom pagumocnekTpa
TaKzKe HAK/IabIBACTCS HUZKHUN IIPeIesl Ha MacCy HeHTpanHo:

1/2

_ Vmax,obs 1

M, > (16.4415B)k 1 | [ D208
= (16 °B) [( [T Bu>} 7

rae k — Gespasmepnas koucranra (k ~ 0.7). s wabmaogaemoit wacrorsr v=4.85TTn aius
ckomteng Kowma nomygaerca M, >54.6sB. na ckomnenusa 1E 0657-56 momywaercsa Gostee
BLICOKMIT HuzkHuil upegen M, >70.519B.

Komneuno, obbscHenre TPOUCXOXK IEHUS PAJINOTA/I0 CKOILJIEHUH rajlakTuk anaurusiueiit WIMP
HE €JUHCTBCHHO, a CyHEepCUMMETPUYIHAA CTaH/JapPpTHasdA MOJAE/Ib ITOKa OCTAECTCH JIUIIb TeOpI/IeIt/'I7 HO
B JIAHHOM CJ/Iy4ae [okKasarejieH caM (pakT BO3MOXKHOCTHU OIEHKU [TapaMETPOB U IPOBEPKH IUIIOTES
GU3UKY d7IEMEHTAPHBIX YACTHUIL C [IOMOIIBI0 HAOJIIOIEHUI PAIMOTa/IAKTUK.

4 Pe3mome

Yro nasbire ? [losHoro orBera Ha Takoit Borpoc Her. llogBiisdoTcs u HIaHUPYIOTCH HOBBIE WH-
CTPYMEHTBI, 0 KOTOPbIX roBopusiock B meppoit Jjekiuu: SKA, ALMA, LOFAR, Paauoacrpos,
a TaKKe TEeJIECKOIbI JIPYIUX JUAIla30HOB, TaKWe KaK KOCMUYECKUIl IpaBUTAIMOHHBIN TeJIeCKOI
LISA unn Espouneiickuii Upessbruaitno Bosbmoit Teneckon (E-ELT). Takue uncrpymenTsr or-
KPBIBAIOT HOBBIE BO3MOXKHOCTHU B UCCJIEJIOBAHUU PAJIMOTAJIAKTAK, B OHUMAHUU (DUBUKHU TTPOUC-
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XOAAIIMX B HUX IIPOIIECCOB U B KOHEYHOM HUTOre [I03BOJISIOT COBEPIIEHCTBOBATDH OIUCAHUE KapTH-
bl Mupa. Ceityac Jlaxke TPYJHO HPEJCKa3aTh, YTO UMEHHO OyeT OTKPBITO ¢ MOMOIIBI0 HOBBIX
MHCTPYMEHTOB NP U3yUE€HNN PAJUOTAJAKTUK. MOKHO JINIMIb 0UEePTUTh HAIPaBJEHNsd, B KOTO-
PbIX HauMHAET paboTaTh BCE DOJIbIIEe YUC/IO UCC/IEI0BATEIEH: TEOPUS I'PABUTAIIMI U KPOTOBBIE
HODBI, (PU3KMKA FJIEMEHTAPHBIX YACTUI] U TEMHAs MaTEPUsi, TeOpUs NHMIIANNT 1 KPYITHOMACIITa0-
Hag CTpyKTypa. MoXKHO cKa3aTh, 9TO MIPU UCCIEIOBAHAN PAINOTAIAKTUK HAC KIET €Ie MHOTO
WHTEPECHOI0.

Acknowledgements. Asrop 6uiaronapen csoum kosuteram AV Konsuiosy u HO.H.ITapuiickomy 3a mio-
JIOTBOPHOE OOCY2KJIeHre padoT Mo Teme ucciaeaoBanns paauorajgakTuk u M.J1.XabuOysauHoit 3a mpo-
BEJIEHHbII aHaJ/in3 BbIOOPKM [AJIEKUX PAJMOUCTOYHUKOB. ABTOp npusHarejsen QoHy HEKOMMEPYECKUX
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