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Aucepravror paboru B MlacTrTy T 110 acTpodoMus kem BAH.

Maciensanyara or AUCCPTAUMOHHMA TPY/A €4 U3BBPILEHH B
UuernryTa no acTponoMus # B HaMouanHaTa acTpoOHOMMYECKD
obcepsaropus kbm BAH. .

JlucepTauHorHuAT TPYA & obchaen u liacpoqeu 33 2auKTa OT
obennHen HayyeH cemuap Ha MecTuTyTa no actponomus kM BAH u
KaTe/ipaTa 1o AcTpoHoMus npH Pusnueckus paxynter va CY “Cs. Ka.
Oxpracku”, nposeses wa 2 oxtomspu 2000 1,
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Jleiicrsuero Ha “rpapMTAUMOHHATA OnTuKa” Ce OCHOBAaBA Ha
e(eKTA Ha IPABUTALMOHHO OTKAOHeHHE (2PUBUMANUONHA BOKYCUPOsKE)
Ha EMEKTPOMATHUTHOTO WATBUBAHE B IPABHTANKOHHOTO MONE HA MACUBHO
110, TAUI0TO, NPEIUIBHKBALLO FPABHTAIHOHHATR (HOKYCHPOBKA, CE HAPAYA
2PABNMAYYONNG A€UA.

T'paBHTANHOHHATA (BOKYCHPOBKA € E/IHO OT CIEACTBMATA HA
obniata Teopus HA OoTHOCUTENHOCTTA. CHINACHO TAlM TEOpPHA
NPOCTPAHCTBO-BPEMETO B GAH30CT 10 MATEPHATHHTE TEN4 € HIKPHBEHO.
B TakoBa NPOCTPAHCTBO-BPEME PAasNPOCTPAHEHMETO HA ENEKTPO-
MarHHTHOTO H3TBYBAHC CE OTKIOHABA OT npasonusersoTo. Tosa
OTKJIOHEHHE BOJH [0 NPOMAHA Ha HAOIIONAEMUTE XapaKTEPHCTHKH Ha
HITOYHHKA HA RAMHUBAHETO. MIMEHHO TA3W MPOMSHA HH IOMAra 1a
HOJNY4YHM HAKOM NAPAMETPH, XapaKTEPHIHPALIH NITOYHHKA H JIelATa.
Ponsra Ha /leIna MOXe /12 CE H3N'b/IHABA OT 3B€3/1a, TATAKTHKA WITH KyII
OT ranaxTiKu, M3TOHHMKLT MOKE A2 G'bIE KAKTO IANAKTHKA KITH KBA3AD,
MMAIH MOAAMO YEPBEHO OTMECTBAHe, Taka ¥ 3meana ot [anakTmkata
WIH OT TalakTHKa, npunainexana kbm MecTrarta I'pyna rafakTHk.
Koraro 1emara ¢ 38e3/1a Ce FOBOPK 33 2DAEUMAUUOHHG MUKDO-
diokycuposka.

3a obpBy BT eeKkTHT HA TPABMTAUMOHHA DOXycHpOBKa €
HabMOAaBAH 0 BPEME HA ITBAHOTO CIBHYEBO JATBMHENHE Ha 29 Mai
1919 r. (Dyson et al. 1920). Cpasnennero Ha poTorpadHuTe, NOAYYEHH
110 BpeMe Ha 3aTHMHEHMUETO M J1BA MECella C/1€0 TOBA, TIOKa3an0 PasinKka
B NOJIOXEHHATA HA 3Be3juTe pasHa Ha 1.98740.18". Ot apyra cTpana,
CHITIACHO O6IIATA TEOPHA HA OTHOCHTEIHOCTTA, BI'LITET HA OTKIOHEHAE
Ha CBETVIMHHMTE JIHYK B IPABHTAIHOHROTO moe ra CirpHuero Tpabpa na
6nae 1.75” (NpUUENHAAT NAPAMETHD HA CBETIHHHHTE JIEYH € DAaBeH Ha
pammyca ga CirpEneTro). I1o TO3H RauKA € OKa3aHO ChINECTBYBAHETO HA
ehekTa Ha rpapHTANMOHNA GOKYCHPOBKA H HErOBOTO ChHINIACHE C 00IATa
TEOpHA HA OTHOCHTEHOCTTA.

Ha 29 mapTt 1979 r. Walsh et al. (1979) cayuaitao orxpreat
THPBUA KOCMHYECKH MUPAXK: IPABHTAKONHO (POKyCHpAHATA CHCTEMa'
(T®C) Q 0957+561. INpu sest ce HabmonagaT ABe BEPTYANHY HI06paKerus
Ha xpasapa Q 0957+ 561 nopomeHHu OT raTakTHKA, AEKAA MeXKIY Hab-

' OBMKHOBEHO NOA IPABUTALHOHHO (OKYCHPaHA cHCTeMa ce pasbupa
CBBKYNHOCTTA OT JICIATA/NEUTE, HITOYHMKA/HITOUHHLIMTE U H306-
PaXEHHATA.




JHOMATENS ¥ KBAZ2pd — N0KA34HA ¢ HABIONACMOCTTA HA C(DCK'TH 1a
IPRBUTALUOHHE DOKYCHPOBKA M B KOCMONOrHuecki Mawabu.

Hocera ca HabnioRaBaHH HAKONKO AECETKM npumepa 3a
JIEHCTBHETO Ha e(lexTa Ha IPaBHTALMOBHA HOKycHpoBKa. TE3H NPUMEPH
Morat aa faaT pasneneny HA YETHPH FONEMM FPRYTM:

(1). Muozoxpamuu uzobpadcenua na K8azapu — HabmonABAT
ce ABe WM MCTHPH H306pakeHus HA KBA3AD C FONAMO Y4EPBCHO
ormectpase (Q 0957+561, Walsh et al. 1979; Q 2237+0305, Huchra et al.
1985). Ako rasakTHKaTa, B KOATO CE HAMKPA KBA3apa (T.HAP. raaKTHKa-
JIOMAKHH) € JOCTATH4HO SPKa, TO HEHHOTO H30OpaxkeHHe € NPbCTEH,
CPBp3Ball H3oOpaxeHnaTa Ha kpazapa (Q 0957+ 561, Keeton et al. 2000);

; (2). Paduonpzcmenu — dopmupat ce, Xorato ¢ GoKycHpan
wiomeH paauonstounuk (MG 1131+0456, Hewitt et al. 1988);

(3). Luzaumexu dB2u — MHOTOKPATHO H300pakeHHe HA
rasaxTuxa, GOPMHPAHO OT MEHTPATHATA FANAKTHKA HA KyNl OT rA/IAKTHER
(Abell 370, Lynds & Petrosian 1986; Soucail et al. 1987);

(4). dz2uvky — enuoobpaznc neGopMHUPAEN eMHRYEH K306~
paxkenus Ha cnabu ranaxTvky, PopMAPaHM OT Kynt OT ranaxtrie (Abell
1689 & CL 1409+ 52, Tyson et al. 1990).

Macnesane pasnpeAeieHRETO HA MACATA B FANAKTHKH K KYTIORE
ot ranaxruke (Kaeib et al. 1993; Chen et al. 1995), onpenensane 3akona 3a
norreiase B rasakrakuTe-nems (Falco et al. 1999), uscnensane Ha
KOMNaKkTHH 06extH ot xanoto Ha lanakrakaTa (Alcock et al. 1993),
onpeaensHe Ha HAKOH KocMonornyru napamerps (Kochanek 1996; Grogin
& Narayan 1996), onpenenane pasMepa Ha UeHTPATHATE 00AACTH Ha
xpasapure (Racine 1992), xopexiss Ha QyHKIHUITA HA CBETUMOCT HA
xpazapure (Pei 1995): ToBa € caMO HACT OT ACTPOPHIHIECKUTE IPHIOIECHAS
Ha cekTa HA FPABHTALMOHHA (POKYCHPOBKA HA ENEKTPOMATHHTHOTO
uaakypane. Tyk e oTOenexuM, e 8 JUCEPTAUNATA CMe OTPAHRYHIR

HAIIMTE PA3MNEKAARAS B PAMKHTE HA ONTHYHKS AMANA3OH OT E1EKTPO-
MATHRTHUA CIIEKTHP, T.€. [I{€ PAITIEKIAME IPABHTALHOHHATA POKYCHPORKA
HA CBETIHHUKTE THYH,

xeasapume. B pmenaﬂmc NPHIOAKESHAN HITOYHUKEL C KBasap, a nenm
©ranaKTHLa,
HucepTayunra chubpia 88 crpaminy, 22 durypu, 4 rabnuusy 1

148 unTHpaEn NHEEPATYPHY AITOMHIKA. [lUCepTaUMATA C& CHETOH OT
YBOZ, ETHPU TARK # 3akmouenne. Chbluo Taka € A4AeH KPATHK CIHCHK
HA CHEUMPUYHIUTE 33 TEOPUATA HA I'DABMTAUMONKATA (POKYCHPOBKA
CBKDALLEHHA.

B Ta3" 1r1aBa € HANPABCHO KPATKO BHBENCHUE B TEOPHATA HA
IPABHTANMORHATA QOKYCHPOBKA. [IANCHE Ca HIXOK OCHOBHN NeDHHHLIHM,
geoBXogMMA 32 NO-HATATHIUHATA HM paboTa, KZKTO H OCHOBHHTE
AHTEPATYPHH U3TOYHEMOH, KaCACIH TEOPHATA HA FPABHTAUMOBHATA
tpoxycHpORKA.

B mucepraniaTa e NPEANOAArame, Y€ KOCMOJOTHYHAST MO
¢ 103 ga AFHIuaiH- e Catep. Tosa € MOJIEA HA EHOPO/IHA ¥ H30TPONHA
BceneHa, XapaKTEPHIHPALL C& C napaMeThp Ha IUILTHOCTTA Q,,:I
xocmonornuna xoucranta A=0. CbuIo Taka wWe OPEeATONOKHM, 4e
crofROCTTa HA mapameTspa Ha Xu6ua H e 75 km ' Mpe.

B gucepTauMATA C ¥3NOJN3BA T.HAD. DAICMORHUE NO 52108
MJQD(ZP:J) JteHHAPaNO Taxa, 4e 06exT ChC CODCTREH NMaAMETDD

;B C HEDBERO OTMECTBANE Z, 1 CE BHAKAA OT HabnoaaTeN G YEPBEHO
SrapeTRaRS X <z, mOJ Bren 0, =&, /D(z,,2,) (Weinberg 1972;
Blandford & Narayan. 1992; Grogm & Narayan 1996). 3a no-xparxo me
BBBEHEM CliefHaTa ODUIONPHETA KOHBEHUHEA: 32 JIENA C 4ePBEHO
OTMECTBAHEZ, U MATOUHHUK C YEPBEHO OTMECTBaNE 2 HMame: D =D(0,z )
— pascrossue Rafimosnares-nema; D=D(0,z) — pascronmie rabmonaren-
mirounuk; D =D(z ,2) -~ pasCTOIRME JNEIMA-HITOIHHK. Ilanara
HHGOPMALKE, CEBP3AHA C NPHETHE KOCMOJIOTHYEH MOMEN, & XOMIl-
PECHpPaHa B TE3H PAICTOAHMA.

Eano0 OT caeAcTBHATA Ha 06111aTa TEOPHA HA OTHOCHTENHOCTTA
€, Y€ CBETNHHAMTE THYH, MHEABALIH HA PA3CTOALHE E_’ OT TOYKOBA era
¢ maca M, e 6BAaT OTIUTOHERN HA BIBA

_ 4GM (LY

c’E

10 CPABHEHHE C TAXHOTO NPABONHHERHO PASNPOCTPAHEnHe (BrbsT &
CE HAPUYL BB HE OMKAOHENUE).



Heka corda BMECTO TOUKOBA ACLLL PAIFNEaME Seut: ¢ 0BEMHa
NABTHOCT Ha MacaTa P(E',, ,{;2 F), €baero (é, B éz) €a XOOPAKHATH #
PasHHHA, NEPNENANKYITPHA Ha NHYA Ha IPEHME KbM JIEIIATA, 2 F €
KOOPAKHATA, NEPIICHANKY/IAPHA HA TalH PABHKHA, T.C. O IBYA HA 3PEHHE
¥hM neutata (Narayan & Bartelmann 1996). Toit xaTo pasmepute Ha
newara (10 oxoso 30-40 kpe 3a ranaxTuxa-newa u 2o oxono 1 Mpc sa
KYN OT FANAKTHKH B POSIATA HA JIE(A) CA MHOTO MATKK B CDABHEHUE C
PAICTOAHMATA MEXKLY HAOMOnaTeN, Aemara u k3ToyHuka (o1 150 Mpe
10 0010 # Hay 1 Gpe), TO MOKeM /12 H3Nox3BaMe npubsUdCesUemo xa
mBHKd Aewsa W 1A KOHCTPYHPAME T.Hap. [UIOCKOCT Ha NEIaTa, MHHABAINA
1Pe3 HEHTHPA HAa MACATA HA NCIATA H NEPICHANKYIAPHA HA NPaBaTa
uabmonaten-newma (Schneider 1995; Narayan & Bartelmann 1996). B
PAMKMTC Ha TOBA IPAGAIKEHUE NOBLPXHOCTHATA WIKTHOCT HA MACATA
HA j1e11aTa Ce AaBa C H3pasa

5E,.5) =) p& & . dr.

xnnero (6156, ) ca koopmuai s niockocTTa Ha netata, B To3x coyuai
‘bIBJIBT Ha OTKIOHEHHE ¢ (Bartelmann & Schneider 2000):
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Teomerpasta Ha eana Tunugana [OC e nokasana na ®ur. 1.1.
CaerdHeE B4 OT M3TOYHMKA S € OTKII0HeH OT Aeuwata L na »roa Qn
nocrrra sabmonarens O. breast Mexay npasara HabmonaTen-ema u

HCTRHCKOTO NOJIOXKeHHe Ha ustounnka ¢ b, a vransr mexay npasarta
natmonaren-nema 1 m3obpaxennero I e O . Msnonseaiixy Pur. 1.1, mue

JIECHO MOXEM [I3 JANMIUEM YPABHERUEMO HA ACUGMd, KOETO CBbP3IBA
NONOXEHHATA Ha KITOYHMKE U Ha W300pakeHneTo:

B(B) = 6-ou@) =6~ %"- (). a3)
S

KBIETO O € 3230 NI OMMECMEANE RA HIOBPANEHHETO CIPAMO HITOYHNKA
(Refsdal & Surdej 1993; Narayan & Bartelmann 1996; Wambsganss 1998).
1l{e oT6enexuM, Y& MOPAL¥ HAIKYMETO HA JEWA HATOYHHKELT ©
uenabirofaeM, B o61un ciiyyai ypasHeHHETO HA JIELIATA € HEITHHERHO,
TaKa Y€ NPH ONPEACIEHH YCIOBUA TOBA YPABHEHHE MOXKE A Ma 1IOBeYe
OT €/1HO PELUEHHE, KOETO CHOTBETCTBA KA MHOTOKPATHO H306pamenue

HA JATEH N3TOVMHHK. B yacruma cuyuaﬁ HA U3TOUHUKK, NLMALLL TOUND 38
TOUKOBA ety ¢ Maca M, ce vabinena s APLETEHOODPAIHO HIOOpAKEHHE

HA M3TOUNKKA (HADEUEHD “NpBCmen Ha ATHUAIA ") ¢ Brios paauyc By
(napeues paduye Ha Aunwariu):
D 4GM
e o (1.4)
D Dy ¢

Subramanian & Cowling (1986) noxaspar, ue 3a €142 KPHLroBO-
CHMETPHYHA JICLIE, YHATO ofeMHa IUTBTHOCT € MAKCHMAITHA B HEHTHhpPA ¥

HAMAISBA MOHOTOHHO Hapba, yeaosreto {(0) > X b neituun uenTsp

€ HEOBXOMHMO i HOCTATHYHO, 32 J1a MOXKE PAsIIeKAAHATA Jewa fa
nopaxia MHOrOKpaTHE u3obpaxenna. Bemiuuaara

= et Dy (1.5)
= 4nG D, D '
Lens Plane
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@urypa 1.1. Teomerpna na tanauna NPC. C Gyxeure O, L, S u I ca
O3HAYEHH CBOTBETHO HAGMIONATENAT, JEMATA, HITOYHHKSBT M
u3obpaxennero. ChIL0 TaKa ca OTOENA3AHA NIOCKOCTTA HA JICMIATA U
npunenuasT napamersp & . D ca pascrosuaara s 'OC. 3nauennero na
otGenasanire BrIM € gaaexo 8 Teketa. C IbaraTa NpexbCHATA AUHHR
SO ¢ oTOENA3AN TLYKT HA APCHUE B OTCHCTBHE HA IPABHTALMOHHA TEIIA,
a ¢ nebena NAHUA — B IPHCHLCTBHE Ha gema, Mamabure He ca CnaleHu.
Cxemara e B3eta ot paborara ua Refsdal & Surdej (1993).




MaremMaTHHECKH ypasuennero Ha sewara (1.3) apencrasa
rPAHCHOPMALMA OT NAOCKOCTTA HA HI0OPAKEHHLETO BBPXY IIOCKOCTTE
Ha WITOYHMKA (UBETE TUIOCKOCTTH €4 YCIOPE/AHM HA JLIOCKOCTTa Ha
JICHIATA ¥ MHHABAT NPe3 H3I0OPAKEHHETO M MITOMHHKA CHOTBETHO).

Marpuuata Ha S[kobu f 3a Ta3m TpancopMalUNT UMaA CIEaHMR BUL
{Narayan & Bartelmann 1996):

_| 9B(®)
© o 98 08 ¢
KBAETO 80‘ e cumpon Ha Kpouexep. Ille orGenexum, ye npu
NPEeANONOKEHUS 38 HEMPEKLCHATO pa3npéaeeHue Ha MacaTa B JIemara
(T.e. HrHOpHpAHXY BIUAHAETO HA OTAENRN OGEXTH OT MEINATA) BIBIET
HA OTKJIOHEHHE € HeNpeKbCHaTa (hyHKIMs Ha NOJOKEHHETO H FOPHHATE
DPOH3BOIHE CHIECTRYBAT. MISMeHEHHETO Ha (POPMATA H pa3Mepa Ha eaHa
MAJIKA YACT OT H3TOMHHKA IPY rPABHTANMOEHATA POKYCHPOBKA CE NaBa C
MAaTpHIATA Ha STk0OH.

Axo 005 u §¢ ca nunata Ha gBE €NEMEHTAPRH IUIOILK B
IJICCKOCTHTE HA H3TOYHHUKA B HIOGPAKEHHETO, TO T¢ Ca CBBP3AHM 4pes
peaugara 50'5 = J80, kbaer0J € AETCPMUHARTATA HA MATPHUATA HA

Sxo6u. Hexa nedmumpame koeduyuenma Ha ycungare (Rau camo
YCHABAHE) HA JICMW|ATA 32 Ja/ICHO HI0OPAKEHHE KATO OTHOMEHHETO HA
IUTBTHOCTTA HA MMOTOKA Ha moﬁpa;xcuuero KbM TO3H HA M3TOYHHMKA, T.C.
W= 8/8 . Comacro Etherington (1933) rpaBrTaiMoRnaTa GoKycHpOBKa
34112383 IOBLPXHOCTHATA APKOCT K CIIEHOBATENHO, YCHNBAHETO MEXe 13
c¢ MPEeACTABH KATO OTHOMICHHMC HA TCJICCHHMTE ‘BIVIA, oﬁxsamamn
1306 pakeHHeTO ¥ HITOYHHKA, KOETO € eKBHBAICRTHO HA OTHONIEHHETO
Ha croTeeTHETE Iwionw (Kayser 1990; Narayan & Bartelmann 1996):

_00,(0)

J =9 (1.6)

dc 1
=—= L7
oo, J ¢

Hanero u3o6paxkeHne MOXE Ja & yCHIIEHO Wi oTcaabeno no oTHowene
H4 H3TOMHHKA B 3aBHCHMOCT OT CTORHOCTTA HA KOC(OUITHEHTA HA YCHIIBAHE.
KpHBaTa OT IIOCKOCTTA Ha JICIaTa, BbB BCAKa TOYKa OT koaTo J=0, ce
HAPHYA KPUMUYHA KDUEA, A HEHHOTO H306PaXKCHHE UPE3 YPABHEHUETO
HA JIeIaTa B TUIOCKOCTTA HA M3TOMHHMKA Ce Haphya xayemuka. Korato
M3TOMHUKET NPECHYA KAYCTHKATA, GPOAT Ha M306pAKeHHUATA C& NPOMEHS
c ﬂ. KaTO HOBHTE uaoﬁpaxeuun ce NMOABABAT OT JBETE CTpaH{d Ha

10

ChOTBETHATA KPUTHYHA KPHUBA W Ca CHC IRAYUTCIIHO YCUNEH GJHICBK. T.C.
KayCTHKATa pasiens 06nacTuTe B IOCKOCTTA HA U3TOYHHKA, B KOHTO
MITOYHHKBT TpAGBa K2 NeXH, 32 Aa CE NOABAT CHOTBETHHUA Bpoit
u3oOpaxenus (1, 3, 5 u 1.4.). Or dpopmyna (1.7) cnenpa, ue Korato
M3TOMHUKET TPECHYA KayCoTHKATa, YCHIBRAHETO Ha H3OSP&)KCHH)IT8 we
6bae Geaxpaiino ronsmo. Tosa e BAPHO CAMO NPK PA3ITIEKNAHE HA TOYKOR
M3TOYHHK — AXO PAa3nIEAaMe H3TOUHUK C KPAAiHHU PA3MEDH, TO YCHITBAHETO
e 61e kpaiino (Schneider & Weiss 1987).

Hexa otroBo pasrnename ®ur, 1.1. Pazankara BbB BpEMETO, 32
KOETO CBET/IHHATA HAMHHABA PASCTOSHHETO HITOUHNK-HAbMmOnaTeN NPH
OTCHCTPHE (ABATA NPEKLCHATA JHHHA) M NpH Hannuue (gebena
HenpekbcHaTa JuAKA) Ha gema, e (Cooke & Kantowski 1975; Kayser &
Refsdal 1983; Borgeest 1983; Schneider 1985; Kayser 1986; Blandford &
Narayan 1986; Narayan & Bartelmann 1996; Wambsganss 1998):

At = Aty + AL, = _I-;_ F(0,, p,xocmonornuen mozen),  (1.8)
0

KBAETO BEKTOPHT P ChABPKA NAPAMETPUTE, XAPAKTEPUIHUPAIIH
pasnpesesieHHeTo Ha Macara B eiara. ToBa gpeMe Ha 3aKsCHENue Ha
CHFHAJI OT H3TOYHHKA B IPUCHCTBHETO HA JICILA, 110 CPABHEHUE C BPEMETO
Ha PaspOCTPAHEHKE HA CHUAT CUTHAN B OTCECTBUETO HA JIEILIA, C& CHCTOH
ot ase yactu (Narayan & Bartelmann 1996):

(1). FeoMeTPAYHO BpeMe Ha 3aKbLCHEHUE Axm. ABIDKALIO Ce
HA JONBIHUTENHMS KT, KOWTO CRETAHHATA TpAOBA Na M3MmMHE B
NPUCHCTBHETO Ha JIeLla 10 cpaBHenue ¢ T4 6e3 newa (Pur. 1.1). Tosu
YJIeH 3aBHCH OT BIVIOBOTO PA3CTOAHME MEXKIY U3TOYHHUKA U AAACHOTO
H300paKeHue;

(2). TpaBHTALHOHHO BPEME HA 3aKbCHEHNE Atw, ABIKALIO ce
Ha 3a6aBIHETO Ha PA3NPOCTPAHEHKETO HA CBETIHHATA B IPABUTALMORHO
none. To3u uneH e NPONOPUHOHANIER HA ITPABMTALHOHHAA IOTEHLHA HA
newara.

EHA UTE
XAPAKTEPAIMPAINA PAZIPENETEHUETO HAMACATA B
TAJTAKTHKATA-JIEIIA HA
TeC Q 2237+0305

B tasu rrasa e pasriienaHo NPHA0KEHHETO HA C¢CKT3 Ha

&



CPABKTANMOHHA GOKYCHPOBKA 34 OMPEACA’HE HA NAPAMETPUTE,
XapaKTepUIMPALLN PAINPEICHCHUETO HA MACATA B MUIAKTUKATA-1eLIA Ha
®C Q 2237+0305.

Kaxro moxe j1a c¢ iy oT popmysia (1.2), Lraiasr Ha OTKIOHEHHE

1€ 3aBHCH OT NapamMe1paTe ,D,-, XAPaxKTCPHIHPAILM PAINPEALIICHHETO

Ha NOBBPXHOCTHATA IUIBTHOCT HA macara E(p,) B Jemiara, T.e.

0=0(p,). CrenopaTenno MONOKEHUATA U YCHIBAHMATA Ha

¥306PaKERRATA LU 32BUCAT OT PASNPE/IENCHRETO HA MACATA B JICIaTa
(mx popmynu (1.3), (1.6) u (1.7)), T.e. mpu 3a0ageAn napameTpH,
XAPAXTEPUINPALIE PA3NPEICISHHETO Ha MACATA B JICILIATA, K DA 330aNEHO
MOMOXKEGHHE HA MITOYHMKA HHEC MOXEM Oa HAMEPHM MOJOXCHHATA H

YCHABAHHATA HA H300paxeHHATA (é'—'é(Pl), u=}1(p,)). IMo-

HHTepecHa & 06paTHATA 3aa4a: 1a CC HAMEDAT NAPAMETPHTE HA JeIaTa
M NApaMeTPHTE Ha H3TOUHHKA NPH 3a[aICHH NOJIOKEHHA H OTHOCHTE/IHA
YCHJIBAEFA HA H300paxkcHIATA. B HACTOAIATA MABA TA3K 33/1a4a € Peiena
3aI'®C Q 2237+0305.

Keeton et al. (1997) u Witt & Mao (1997) noxassat, 4e OpH
mMonesrpatero B2 'OC OTYHTAHETO HA NPAHBROTO BIHAHME OT MACHBHN
0BEKTH, CBHDP3aHH C [VABHATA JIeIA (HampuMep HanwumeTo Ha 6ap) wim
PA3NOIONEHH OKOJIO JIhYa HA 3PEHHE (rwlaxmm TR rpyna O raJiakTHKH
CBC CHULOTO WIH C PAa3THYHO YEPBEHO OTMECTBAHE OT TOBA HA INIABHATA
nema), HMa roJIAMO 3HAYMCHMCE 338 [IONTyJYaBane na )ll05p0 CBOTBETCTBHE
MeEXny naﬁmonae.\qme ¥ M3YMCACHUTE XAPAKTEPHUCTHKH HA
nao6paxenusta. B ciyyas na I'OC Q 2237+0305 M3TOYHHIM HA NPHIKBHO
cMylmerwe MoraT haaT: HanEuHETO HA 6ap B ranaxTHkaTa 223740305
(Yee 1988; Kent & Falco 1988; Schmidt et al. 1998); mareprata, cabp3ana
¢ kyma ot ranakTuxs Pegasus II (Webster et al. 1991); marepusa, cBbp3ana
¢ obexrure, npuyHEsBamy abcopbumonauTe uEME Ba Mg I1 B cniexTrpa
na ksasapa (Kochanek & Apostolakis 1988; Webster et al. 1991; Foltz et
al. 1992; Rix et al. 1992). ETo 33110 Han'b/IHO PE3OHHO € 1 Ce MOCTPOU
MOJIEN Ha PA3MPE/IeICHHETO Ha MacaTa B rajjaxrikaTa 2237+0305, kokro
12 OTYHTA BH3MOKHOTO OPHIABHO CMYIIeHRe or MacusHH obexTu. Hemo
[OBeYe, MOJEIHPANKH ABHO Pa3snpeae/IenueTo Ha MacaTa B 0OexTHTe,
H3TOMBMUK HA NPHIABHO CMYLICHHE, HHC MOXEM 1A NONYYHM HAKOU
NapaMeTPH Ha PA3NPEE/ICHUETO HA MACAT B Tean 0bexTa.

B pamxkuTe Ha rOpeH3IOXEHATA AHCKYCHS HHE CH IOCTABAXME
CNEMHATE 330a4M: [a HAMEPHM ODIIO PELICHUE B PAMKHTE Ha T.Hap.
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NPUAUBHO NPUGAHKEHHE (NPH IIPHIHBHOTO NPUOIUKEHHE NPHIHBHOTO
BIMSHUC HA MACHBHM ODCKTH GE OTUMTA upE3 PA3BUTHC HA hCLNA HA
orxnonenue B pea Ha Teitnbp, Kovner (1987)); na monenupame NdOC Q
2237+0305 ¢ noMonITa Ha ABYIUIOCKOCTHE JIelia; IPH MOAEIHPAHETO Ad
HANON3BAMC TOYHH M PCUTHCTHYHM HABAOAATC/IHN OTPAHUYCHNA.

3a na penIMM Te3u 3azlati, HHe KOHCTPYHPAaXMe eIHOMIOCKOCTCH
(C e/1Aa IIOCKOCT Ha JIEWIATA) MOIES C OTHHTAHE Ha TPHAMBHO CMYIICHUE
% ABYIIOCKOCTEH (C /1BE MAOCKOCTH Ha semata) mofen. Crmo Taka
H3YHCIIMXME H 1B& CAHOIUIOCKOCTHI MOAEa 63 OTYMTaHE HAa NPHIAMBHO
CMYLICHHE, KOATO MOAEAHU 1a GHAAT CPABHEHH C IO-CIIOKHUTE TAKUBA.,
MonennTe, U3NOA3BAHA B Ta3M [Iapa, ca HaIMpanu HA W3OTEPMAJIHO
NOPBLPXHOCTHO pasnpexnenenne na macara (Kassiola & Kovner 1993)

¢ 1
)= 26 ToE
XbICTO cm € MO/{CJiHA AUCTIEPCHA HA CKOPOCTTA; &e“ € T.HAP. CNUNTHYCH
pamayc

-

T (+e)  (1+e)
Ee NapaMeThHp, XAPpaKTEPHIHPAL] OTKIOHCHHETO HA PA3NPEHENCHHETO
Ha macata oT chepuuroTo pasmpeaenenue: bfa = (1—¢€)/(1+€),
XbAETO a M b ca rosgMara ¥ MankaTa MOJAYOCH HA CAHINTHYHOTO
pAasnpesieNieRHe HA MACATA; §c e maiaben daxTop, RApHUYaH paaRYC HA
AAPOTO, T.6. TOBA PA3CTOAHME, HA KOETO NOBBPXHOCTHATA IIBTHOCT
HamangBa /2 MHTH B CPABHEHHAE C HEHTPANHATA,

HaxpaTko uie OndumeM #3n0/13BaHATE MOACIIH:
(1). CHE moden — rnaBHATA Jieuia € MOJAENMPAHA KATO
Carrynapes Maorepmanen Eanncoun (CHE), t.e. 558 gopmyana (2.1)

nonarame &, = 0. CpoBommure napamerpu na Mozena ca G, , € , @,

@n

KBIeTO P, & MONAPHHAT BI'bl MEKIY IOIAMATA [OJYOC HA CVANICOHNA B
nonoxuTenHaTa abenuca;

(2). HE _moden — raasuata nema € MOAEAMPAHA KATO
Hsotepmanen Emancous (UE), hopmyna (2.1). CobBogrute napaMeTpu

na mogena ca G, , &, £, O,;



(3). HE+MIC aodeg — raapuata agula ¢ MOAC/IHPana Karo
Usorepmanes Enuncoun, dopmyna (2.1), xaro e nobaped npunused
noTeHUHAN, OTuHTaul npuanenoTo omyiexue ([C) B paMkuTe Ha
NPHIHBHO MPUOAMKEHNE, 0T BUAA

Y5
0(6.9) = 0" cos2(o-9,)-
Tyk Y € aMnauTyAaTa Ha MPHAKBHOTO CMyllienue, a (P, ¢ neropata
OpHENTAlKs, KATO HMaMe, e Py € BruasT KbM Ae(huLHTa HR Maca, a

@y = (p, + 115/ 2 & BrEAET KBM HIALIBKA HA MACA, T.€. KbM H3TOYHHKE
Ha npunuseo emymesrue (Trotter et al, 2000). CsoSoanure napameTps
namonenaca s, . E .. €. 0,. Y, Py

(4). HE+CHC moden — rnasHata JNema € MONCIHPaHa KaTO
H3orepmanen Enuncoun, gopmyna (2.1), n e nobasexa sropa newa, ¢
YCPBEHO OTMECTBAHE PA3IHYHO OT TOBA HA IMABHATA, MOJE/IHPAHa KaTo
Cuurynspra Wsorepmanua Chepa (CHUC), T.e. 3a CUC monena BbB

tdopmyna (2.1) monarame §¢ =0, €=0. Csoboaunte napamerpy Ha

monena ca O, E. €, 0, 0‘:’ , B, xpmeto mocaenEETe ABA

napameThpa ¢a MONENHATA JHCTIEPCHR Ha CKOPOCTTA K [HOJIOKEHUETO HA
BTOpATA JleIa.

TIpu BoKykK MOAENH raska nema ¢ SBb ranakuxara 2237+0305
(z = 0.0394, Zwicky et al. 1965). Heiinoro nonoxenne e GpuxcHpano 3a
BcHakd Mofenu. IIpH ABYIJIOCKOCTHHA MOJEN BTOPATA IAOCKOCT HA
nemara uma z = 0.5664, T.e. BTOpaTa nema ¢ o6ekTET, cpbp3an ¢ Mg II
abcopbuusTa B cnekThbpa ua xsasapa Q 2237+0305 (Hintzen et al. 1990).

Karo HabmoaarenHy OrpaHuMeHus H30JI3BAXME OTHOCHTEIIHHTE
KOOD/WHATH H YCHJBAHHA HA H3OGPAXEHHATA IO OTHOMUICHHE Ha A
u3zobpaxenuero, T.e. uMaMe 9 maGmonaresnyu OrpaHMYCHHA.
OTHOCKTEAHATE KOOPAUHATH ¢a B3eTH OT paborara na Blanton et al.
(1998) u ca noysens ¢ KocMH4eckns Teseckon “Xubua” (HST), a otHocs-
TeNRKTE YCHIBAHHA Ca B3eTH oT paborara a Falco et al. (1996). Te ca
nony4ern ¢ Fonsmara Aunrerna Pewerka (VLA).

IIpeackasanuTe OT MOACHHTE MOJOKEHHA M YCHABAHMA HA
n3obpaxenusra’ ce cpasHapar ¢ HaGmonaeMuTe TAKHBA C MOMOLITA Ha

CTaHAApPTHATA xg tysxiua (Press et al. 1986), koaTo ce MUHHMH3HPA C

nomowra ua “downhill simplex” meroun (Press et al. (1986); nanon3sanua
€ TAXHATA Nojluporpama “amoeba”). Ha Bazara Ha ta3u nogaporpama (u
Ha noanporpamara “ran3”) e paspaboren codryep 3a mosmenupaue
pasnpegencuucto na macata B ['OC. Coryepsr e Hanucan Ha e3uk 3a
nporpamupane Turbo PASCAL u pknfouBa 12 OCHOBHH M HAKOJKO
IOMOUHH NIPOrPAMH.

3a oleHABANE KAHECTBOTO HA [OJIYHEHATA AMPOKCHMANHS HUE

s ] 2
H3I03BaXMe BTHYHAATA X 5 = X nin / N, dr s KBACTO X 0. € CToMHOCTTA

HA xz B MuHuMyMa, a N, e 6poa cTenenu Ha cBoGoa Ha 3afavaTa (T.e.

6poa Ha HaGIIONATENHHTE OTPAHAYEHHA MHHYC Bpos Ha croboanuTe
napamerpu xa mosena). Ilpu nobpa anpoxcuMauus nme Tpabsa na

odaksame, ue x:, =1 (Press et al. 1986).

OCHOBHHTE PE3YNTATH OT YHCAEHOTO MONENHpaHE ca
npencrasesy B Tabnuua 2.1. Ha ®ur. 2.] ca cpasHeny HaboaaBanuTe H
HM3UHCIICHHTE NONOKEHHS W yCHIBaHuA Ha H3o0paxenunara 3a UE+TIC
mozeia, a Ha ®Hr. 2.2 ca HAYEPTARH KAYCTHKATE M KPHTHUHHTE KPHBH 33
HE+CHUC monena 3aeaHo ¢ NocOKaTa KbM H3TOYHHKA HA NPMIHBHO
cMymenge, nonysena or UE+I1C mogena.

Of6ma yepTa Ha CAHOMIOCKOCTHHTE K EAHOKOMNOHCHTRH
mozenu Ha I'OC Q 2237+0305 e HerL3MOKHOCTTA J1a Ce mOmyus nobpa
aANpOKCHMAaLHA — OOHKHOBEHO x;- > 2; namnre mopenx (CUE u UE)
He npaBAT u3Kkuovenre (Tabmuna 2.1). JIBYKOMOOHEHTHUAT MOAeN
“crenexen eauncona+6ap” na Schmidt et al. (1998) soau 10 3naunTeNHO
nonofpenne B KAYECTBOTO Ha aANPOKCHMAUKATA — x:f =13+34,
Hamupalixn 0610 peuienne B paMKHTE HA IPHIMBHOTO NprOMMKeHne
(ME+TIC Monen), uue nomyurxme Hali-1o6paTa anpoxcumanis aocers,
X = 035, T.e. HammAT pesyITaT NOTRHPANABA TEBDIEHHETO HA
Keeton et al. (1997), 4e oTYHTAHETO HA NPHIHBHOTO CMYIUEHHE TPH
(opMRPaHETO HA HIOGPAKEHHATA € O-BAXKHO 34 NIONYYaBane Ha 10Opa
arpOKCHMALHS, OTKOJIKOTO YC/IOKHABAHETO Ha PaHaRig npodun na
Pasnpe/IeNeHHeTo Ha MacaTa (BHx chuio Schmidt et al. 1998). Bosexaatixu

B paMKHATE Ha TA3¥ 171284 LI¢ U3NO/3BaME ITPABOBIbINA KOOPAHHATHA
CHCTEMA C LIEHTHP B A H300paxenneTo u ocn Hacoueny KkbM 3anag (6, )

0
u Cesep (92). Msnonspa ce u nonapia KoopauuatHa cucrema (6, @),
KaTO NONAPHHSA BI'bJI CC MEPH OT MOMOKHUTENHATA 9, -0C B nOCOKa obpartua
Ha 4acoBHukOBaTa cTpenka (()° < ¢< 180", NO3HUNHOHHUAT BI'BA €

PA =-90".



sTopa naockocT ua aemata (ME+CHC momen). Kue 0THOBO NOAYYHXME
M10Fo noGpa anpokcrmains, X5 = 0.44 . Kakto Moxe aa ¢e BHAK OT
Tabnuua 2.1, napaMeTpuTe Ha Pa3sIpeieIEHHETO HA MACATA B IJIABHATA
aeLa ca B Aobpo chracke ¢ TesH, nosyyenn ot ME+I1C mogena. Cruro
Taka nocokara kbm propata neua (ME+CHC MoseiT) H TOCOKaTa KbM
M3TOYHHKE Ha npmmsHO Binatne (ME+IIC Mogen) chenanar ¢ TO4HOCT
10 oxono 4° (Tpsdea o6ave 1a ce oTOENENKHM, Ye Te3H [1BE NOCOKY He Ca

mobpe onpenenenn o1 Mogenare). OT npyra CTpaHa, MOCOKATE KbM -

wyTounmKa Ha npwmnsHo evymenue Py = 20 ) e cuemana c nocoxata
KbM Kyna ranaxtuxu Pegasus 11 (@ = 150 |, Chincarini & Rood 1976),
 HUTO copRenTalmATa Ha 6apa (P = 1 28°, Yee 1988). OTTe3n peaysITaTH,
KaKTO B OT 0 206para anpoKCAMANHY B CPaBHEE ¢ Ta3H Ha Schmidt et
al. (1998) cneapa, Ye MABHUAT W3TOYHHK HA NPHIMBHO CMYyLICHHE €
o6exTET, cBBp3an ¢ Mg Il abcopbumsara (z = 0.5664), a He Gapbr wiu
KyrsT rasiaxtuky Pegasus I,

HE Mozensr kMa pajguyc Ha aApoTo 260+ 16 pe, xoiTo pansyc
e Gnn30 N0 npubaM3MTENHATA POPHA rpanuia oT 200 pc nosydeHa oT
Wallington & Narayan (1993). Ipencxasauute ot ME Mogena nonoxenne

H OTHOCHTE/IHO YCHIIBAHE HA METOTO HI0OPaXKCHHE, 6, =(0.032", 0.950")

u ,, =0.11, ca B 106po ceracke ¢ HabmonenusTa (Racine 1991; Falco
et al. 1996). Axo nabmopaparmsr ot Racine (1991) obekt e HaucTUHA
neToTo H306paKenue, TO TOraBa FHPXY PalHyca Ha AApOTO mie 6ae
HAJIOXKEHO CTPOro orpanuyesue. [IpoGieMsT e B I0IATa ANPOKCHMALEA,
nonyyeHa ¢ ME Mopnena, T.e. TO3® MOfen He YAOBJETBOpABA
HabnogeHnsTa. B3AMaHKK NMpPEeaBH NPHIMBHOTO CMYMEHHE HIH
HANUYUETO HA BTOpA NEIla HHE MOMYYHXME, Y€ PAAUYCET Ha AAPOTO
wiona keM 0; cernaceo ME+CHC moaena Hue noayyuxme ropHaTa
rpaHnla Ha pagmyca Ha aupoTo, anmensao 0.05” (=36 pc). Chae et al.
(1998) nonyyasat pagmyc Ha aaporo 40 pc, KOATO PaguyC € B ChIVIACHE C
HONy4eHaTa OT Hac ropHa rpasmua. Schmidt et al. (1998) momygasaT nobpa
ANpOKCHMALHS, H3NOM3BANKY CHRIY/IAPEH CTETEHEH eTHncou moc 6ap
KAaTO MOZIEJ Ha Pa3npefelIeHHeTO HA MACATA ranakTukaTa-rema. Tesu
pE3yITATH HH COYAT, Y€ PasHpeeieHHeTO HAa MACATA B ralaKTHKaTa-
nema 2237+0305 ¢ mouTH CHATYNAPHO B UCHTHPA.
ENHOKOMIIOHEHTHHATE MO CHIIHO OrPRHAYABAT NO3HIIHOHHHS
BIBJ HA PA3NPEAENEHHETO HA MAcATa. YCPeAHABAHKH NO BCHYKH
myGIMEKYBaHH [I0 CEra MOJAENH, Hae noayuuxme P4 = 66.8° +0.5°. Fitte &
Adam (1994) onpenensT cpeaer NO3HUHOHEH BI'bJ HA rafiakTHKaTa 3a
serpewunnTe 1.25” pasen va 77°, xoeto 03Hayapa,ye uma oxono 10°
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Tabsuna 2.1, Pe3ynrat 0T YMCIEUKTE NPECMIATAHMS, 30 BOCKM H3IION3BAH
MOJIEN Ca OPCACTABEHM: CTOHHOCTTA Ha ) B Munumyma (pea 1; B
ckobure ¢ naneH GposT cTenenn Ha cBoboja), napameTpure,
xapaxkTcpHsHpauii Mosiena (peaose 2-10), KOOPAHHATHTE HA HITOYHKKA
(pea 11), mpaBOTO yeunsaHe HA w3obpaxeuusra (pex 12) W Macara,
3aKII0Yena BbB Bbo0paxaeMus npbeTed, PopMupar 0T H30OpaKeHHATA
(pen 13; B CYBHYEBH MACH Ms" ). Tpewkure npeacTaBaAsBaT 68.3%-1e
JIOBEPHTEJIHE IPAHMIIMA 33 BCEKH NAPAMET .

napametrsp CHUE HE HE+TIC HE+CHUC
X (Ny) 3654(6) 828(5  035(3) 0.44 (2)

O, lkms'] 182871 220077 182377 181173
< 0564188 3x10ToE IXINTAR
€ 0209'%2 pa7olts 0195l p1gpEs
Q.. 15755208 157.320% 1543401 1543147
¥ = = aoloum

P - - 1wy -

o fkm 7] - - - 2536123
o - . = 2684082
82l1 - - = 1A710%
(B, B.)." (0.145, 0927 (0.114,0930) (0.142,0927)  (1.005, 1.180)
Koot 15.43 52.44 16.27 2497

M©)M,,] 1490700 1489008 1489700 1471430

3abenexka: [TocokaTa KbM U3TOYHHKA HA HPHIHBHO CMYLUCHHE €

Qs = 20°.



relative positis freasc)

L0 0.8 1.0 : 7l.5

0.0 0.
relative position [aresec]

®urypa 2.1. HabmonasannTe (HENPEKbCHATA TMHHR) B IPEACKAIAHATE
(apexsenata upus) o1 ME+IIC Monesa noS0XeHH U OTHOCHTENHH
ycunpanus. OTHOCHTeNHOTO yornBane ;4 € pasHO Ha OTHOIICHACTO Ha
MJI0IITA HA {-TOTO H30OpaXKeHKe KbM IUTOLITA HA A H300paXEHHETO.

s0

& oL
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o8 Eo
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2 0s 0s 15 25
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3 &l &N
- 2o
w ¥
L .
.0 .0 30 50

relative position [aresec)

®urypa 2.2. Kpynaunnre kprer 3a ME+CHC monena. ITokasauy ca Chimo
Takd H306paxenuaTa (CHBUTE ETHA), [7IaBHATA (CHB KPhr O3HayeH ¢ G) K
BropaTa sews (i Kpbpr o3HaveH ¢ L). [ope BASCHO ca MOKa3aHH
KAYCTHKATE B IJIOCKOCTTA HA MITOYHHKA 3a€IHO C HITOUHMKA (CHB KP'BI
ozHayeH ¢ S), semnute (CMBHTE KPBLroBe) M TOYKATE, KBACTO
H30OpAKEHUATA NPECHYAT BTOPATA IUIOCKOCT HA JIe1aTa (YETHPUTE TOYKK
o3nauenn ¢ I). C nynkrsp e moxasana mOCOKATa KbM H3TOYHMKA Ha
NpHIUBRO cMymieHHe, noiy4ena oT UE+IIC mogena.
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PAIMHNABANC MEXAY TeopuaTa i HaGmoacuuata, Hawwmre HE4TIC u
UE+CUC monenn ypenn4apat 1osa pasmuuasanc 20 13° s nocoka na
6apa. Tosa o3xayapa, e GapsrT WMa HenpeueSpexumo sansuue npu
opmupaneTo ‘Ha u3obpaxkeHuaTa, KoeTo Tpabsa jga ce OTYHTA DPH
netainioro mogenupane na [OC Q 2237+0305 (Schmidt et al. (1998).

ChU0 Taka NONYYEHOTO OT HAC OTHOWEHHE HA nonyocu;re 0.676

(ycpenneno no UE+TIC u UE+CHUC monenuTe) € B 806po chraacue ¢
nabnonaeanoro otaowenye 0.7 (Fitte & Adam 1994).

Rix et al. (1992) nonyuyaeat, Ye LeHTpanHaTa QMCTEPCHA Ha
CKOPOCTTA 34 raakTHKata-nema e 209+ 19 km s*, Iloay4esara o Hac
MOJC/IHA AUCTIEPCHA Ha cKopocTTa (yepenuena no ME+IIC y MUE+CHC
monemute) ¢ O, = 1817 kms?, koaro ce rpancopmupa s uerTpanua
nucnepcrs Ba ckopoctta 6, = 160.7 £ 64.3 km s*, koifto pesynrar
¢ B chiacue ¢ HabmoaeHHATA (2K0 Ce pa3rexia ropHaTa rpaHHAIa Ha
HAIUHA PESyNTAT). ‘

Huchra et al. (1985) npassar rpyba onenxa Ha pOTANHOHEATA
CKOPOCT Ha raJjlakTHKATa-McIIa Ha Pa3CTOAHKE 57 Ha 3anan OT AAPOTO
v, =260£75km s, CpennaTta poTauHOHEA CKOPOCT, IPEACKalaHa OT
HE+IIC n UE+CHC MOACAUTE HA CHUIOTO PA3CTOAHKE, € OKOJIO 257
km s°', x0eTO € B 106pO ChrnacHe ¢ HIMCPRAHHATE. ACHMATOTHYHATA

porammonna cxopoct (€ >>& ) e \/Ecm Wi oxono 257 km s, kosro e
CBILIATA KATO TOPHATA NOPA/H NPEREGPERHMO MAIKHA PALHMYC Ha AAPOTO,
KOMTO NOJIY4HXME 33 TOPHUTE NBa MOAENA.

Macara, 3aK/o4eHa bbb BbOSpaxaeMus npheren (paauyc (0)
= 0.885"), dopmupan:  oT H3obpaxenuiTa, e
M((8)) =1.489% 10" M, (M((8))= (D, (8)*Z;). Kaxto
Moxe Aa ce pian oT Tabnrma 2.1, ’Ma MEOTO HOOPO CHBNR/IEHHE MEXIY
Taxa OMPEeReseRaTa MACA ¥ MACaTa, 3aKJII04eHA B ChIllAA BroOpaxaem
PHCTEH, ONPEAL/EeHa e MOIETEPAHETO HA FATIaKTHKATA-TICIlA; MacaTa,
npencrasena 3 Tabnuua 2.1, e nonyueHa upe3s METErpHPaRe Ha
NOBBPXHOCTHATA MIETHOCT Ha MacaTa B jiemiara. Chlio Taxa ce BHk/a,
ye BBBEKAAHETO HA BTOPA IUIOCKOCT HA JIEIATa HAMAIABA MacaTa B
npucTeHa na waobpamenusta ¢ 1.2%, T.e. MacaTa, onpejenera cieq
BBBEX/AHE Ha BTOPA JIELlIa, € No-peanncTryna. Heka cpaBunmM MacaTa B
KPBIr ¢ pagryc 0.9”, nony4eHa OT PalTHYHY ABTOPH, C H3M10J3BAHETO HA
PadIH4YHH €OHOIUIOCKOCTHH MOZCNH HA pa3NpENEeNCHHC Ha mMacaTa B
rajiaxTHkara-seiua 2237-+0305:



(1).(1.51 £0.04)x 10" M, —nacToswara ANCEPTAUKA,
H3IOTEPMANEH MOACT,

(2).(1.49£0.01) x 10" M, — Schmidt et al. (1998), crenenen
Mojlest fioc 6ap, mojenupas ¢ npodua na depep;

(3).(1.44£0.03) x 10"°M, — Rixctal. (1992), monen c

KOHCTAATHO OTHOMICHKE MACA-CBETHMOCT. .

" Buxua ce eAHO MHOTO f06pO CLOTBETCTBHE HA MACATA, NOMNY4YEHA C
Pa3IUYHA MOAGNY — CpeaHaTa cToiHocT ¢ (1.48% 0.04)x 10" M T.e.8
CJlyuas Ha rajakrakaTta-aema 2237+0305 macara, 3aKn04eHa B Kpbr ©
paxuyc 0.9, MOXKe ma ce ompesenn ¢ TOMHOCT OT oxono 4%. 3a
' OTHOWEHHETO MAca-CBETHMOCT B UeHTpanHarta ofiact ¢ pamuyc 17

nonywnxme 6.8°07 M /L, XaTo wanonssaxme Maca

M =1662x10"M sun (ME+CHC monen) u 3peanna penmmna B =

17.95 mag; ¥ ABETE BEMMYHHY Ca ONpPE/CNEHH 32 LeHTpainaTa obnact ¢
pamuyc 1”. Tlo/ty4eHOTO OTHOLIEHHE MACA-CBETUMOCT ¢ B 106pOo chriacue
ChC CPEMHOTO TAKOBA 33 CHMEPANEHATE ranakTHKA (Rubin et al. 1985).

Wmaiticn npeaenn UE+TIC 5 UE+CHC moaennTe, H34HCACHHA
B MHCEPTALHATA, © MOAEAKTE, NpeacTaBery or Schmidt et al. (1998) u
Chac et al. (1998), sue mMoieM a8 TPBPAKM, Y€ Pa3NPEAENSHHETO HA
M4CATA B UEHTPANHATA YaCT Ha ranakuxarta-ireia na FPC Q 2237+0305
€ MOYTH CHHIYJIAPHO M NOYTH H3oTepMaiHo; Schmidt et al. (1998)
MONY4aBaT 3 HAKJIOHA HA PANHATEAL IPOQH Ha PA3NPENCIEHUETO HA
macata T} = 0.95 (sa msorepmanen monen M = 1.0),a Chae et al. (1998)
noJTy9aBat pagHyc Ha sapoto 40 pe. ChINO Taka NPHHOCET Ha Gapa  Ha
obexra, cepp3an ¢ Mg 11 a6copbumsTa (z = 0.5664), Tpabea aa 6nae
B3emaH OpejBHEy NPH MoAielupaneTo Ha Tasu [OC.

B nanM qHH HAH-MONYNSPHATA XMNOTE3a 3a BH3HHKBAHETO HA
abcopbunonnnTe nrrud Ha Mg I1 B CieXTpHTE Ha KBA3apPUTE € TA3M, IPH
KOATO JIBYET Ha 3PEHHE OT KBA3apa NPECHYA NPOTHKHO ra30B0 XAJI0 Ha
ranaktuka ot nonero (Bergeron & Boisse 1991; Bergeron et al. 1992;
Bechtold & Elingson 1992; Le Brun et al. 1993). B pamxure Ha Tasu
XHDOTE3a HEe apuexme, ye obexTsT, cebpian ¢ Mg II abeopbuusra, e
eAMHUYHA ranak- THKa. HelHaTa yeHTpPaIHa NHCIEPCHA Ha CKOPOCTTa,

nostyuena or anmsa ME+CHC monen, e 000 < 253.6 km s’ ¢ snamoxua

HeonpeaeaerocT ot 0xo0 140 %. CpeaHoTo BIA0BO PA3CTORHHE MEXAY
BTOPATA J1e11A K TOYKHTE, KbETO H300paXeHnATa HA KBA3apa NpecH4ar
BTOpATa NOCKOCT Ha nemara e, 2.647” (=13.2 kpc). ITo To34 HaunH Hue
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{LOCTARKHAME JOJTHA TPATHILEL L PAIMEPD Ha IFAz0BOTO U0 QKOO0 BTopati
e o1 okono 14 kpe.

L 3. B3M BPEMETO HA HUE 3A
0957+561: ONIPEJAEJAHE ITAPAMETBPA HA XBbEBJL

B Ta3u masa e onpeaeneH napaMeThPET Ha XBOBJ ¢ oMol Ta
Ha ed)eKTa HA rPABATALMOHHA POKYCHPOBKA.

Ot dopmyna (1.8) ce BukAa, Y€ NPH 32]8/IEHK KOCMONOTHYEH
MOJIEJ1 ¥ pa3NpeNeeHHe Ha MAacaTa B JICLIATa HHE MOXKEM [18 [10JIy1HM
OIEHKa Ha apamMeThpa Ha Xb0hi1, H3MepBaiKi BpEMETO Ha 3aKhCHEHHE
Mexay H3obpaxeHuaTa (NOHEKE UATOYHUKET € HeHabmoAaeM, HHE CMe
NPHHYNEHH Ja H3ON3BAMe OTHOCHTENHOTO BPEME HA JaKbCHEHHE MEKTY
usobpaxennara). e orGenexnm, ye BHIMOKHOCTTA 34 ONpENEAHe
napameTspa Ha Xb6ba ¢ nomMomTa Ha ¢(CKXTa HA rPABHTANMOEHA
(oKycHpOBKa ¢ moxa3asa 3a mbper neT 0T Refsdal (1964). B HacTosmara
miasa 3a onpeaensse napamernpa Ha XpOwa ¢ wsnonssana ['OC Q
0957+561.

3a ompenenane BPEMETO Ha 3akbCHeHHE 38 'DC Q 0957+ 561 ca
M3NOJI3BAHK APXMBHE AaHHH, noayyenu Ha Observatorio del Roque de
Los Muchachos, samupania ce Ha ocTpos Jla ITamva, Kavapcku ocTpoBs.
Haunute ux 6axa mobesno npenocrasenn ot A-p E.J. Zuiderwijk u ca
nonyyenu ¢ reseckona “SAxo6 Kanreiu” (amamersp 1 m, dokycHo
pascrosrue 15 m) ¢ u3anon3sanero Ha caequure CCD matpuua: GEC
(OCHOBHMAT MACHB OT JAHHM € NONy4eH ¢ Ta3d MaTpuna), RCA u EEV.

HabmoaareHusT MaTepualt CbAbpxa 00eKTHH KaqPH H IIOCKH
nonera gbe GUnTpHB H ¥, KaKTO K KAPH C HYJICBO BPEME HA HHTErPaItAR
(odcernm xanpn). [TbpsuusaTa peNyKIHA HA JARHATE € H3BHPIUEHA C
NOMONITA Ha NAKeTa 3a 06paboTka Ha aCTPOROMHYHE AaHAA MIDAS,
paspaGoren s ESO. Ta Bkmousa mapaxnane Ha OCETHAS CHIHA, IefeHe
Ha IIOCKO NOJIE H NPEMAXBAHE Ha KOCMHYECKHTE YACTHIH i Ae(EeKTHHTE
nuxceny. I10 To3% HaurH HHe 0O6paboTuxMe 0610 47 Kaxspa BLB QHATLY
B 1 48 — w8 duatep V.

Kaapure ca oromerpupans ¢ naketa DAOPHOT II (Stetson
1987), nurerprpan 8 MIDAS, Usnon3spana e aneprypua poromeTpus ¢
(HKCHpaH paruycC Ha anepTyparta, pasex Ha 2”, KaTo 38e3nu 3a cpaBHesue
ca Hanonssauu 3pe3auTe Ne3 y Ned, HaMupainu ce » MoaeTO HA Kpasapa
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{@ur. 3.1, Keel 1982). Kpaiiuuat mMacus OT naHHu cbanpxka 30
doromerpuunn rouku 8 B Guatsp # 36 - 31n V dhuaTep 33 BCAKO OT
n3obpaxennsta, Manonasitku 25 nat, 3a konto umame B u V nauuu,
HHE ONPEAEIHXME CPEAHHUA IBETEH HKACKC 38 BCAKO OT H300paKCHHUATA.
Toba pa3aenHo ONpeeNsHe CC HAArA IOPAAH HAMHYHETO HA TANAKTHKA-
flewa, HONTBIAHETO 8 KOATO BOAH OO NPOMSHA Ha IBETHHA HHIEKC Ha
¥300paXENHATA, (T€ CE BIAIAT HA PASTAYHO PA3CTORHME OT LEHTHPA Ha
JICIATA, ¥ CICAOBATAIRO, H3NHTBAT PA3IHYHO Normbiane). CpenHuTe

(B~V), =0205+0034 &
(B—V}; =0.216 £0.027 cxorsernosa A u B k306paxesmsTa.

UBCTHH HWHIACKCH ca

Copmo Taxa goTomerTpHpaxme u 3Beana NeS (Keel 1982),

aanomo3psna oT Schild & Thomson (1995), ue ¢ npomennupa. Hamre
pesyJaTaT nokassar, 4e 3pe3na NeS mHe noxassa 3abemexuma

‘IPOMEHNMBOCT (TIOHE 34 NepHoja 00XBaHAT OT HALIUTE JaHHH).

Hanon3pafixe CpPENHMTE NBETHR WHAEKCH, HuUE
TpaHcHOPMHpaxMe 3Be3HUTE BesutE B B QHITHP KbM Te3H BbB V.
Tparcpopmupanara B kpipa va Onsachka e obennnena ¢ V xpusata, kKato
3a 25-re naTu ¢B u V xanpu TpaHchopMEpaHuTe B BE/IMYHAN Ca TETTIOBHO
yCpeaneHy ¢be choTBeTHHTE V Benmuuud. Tasm Tpaucdopmauns Ge
A3BBPILICHA C e A00aBAHE HA HOBM TOMKH KbM KpHBaTa Ha G1RCHKa, T.C.

®urypa 3.1. Ha ro3u V xaxbp e u306paseno monero (=5"%5") oxono ['OC
Q0957+ 561. Chiuo Taka ca MAPKHPAHHA H 3BE3UTE 32 CPABHEHHE.

e B3eT Ot apxupa Ha obcepsatopusara del Roque de Los Muchachos
Cesep e narope, M3T0K — HaNA80.

32 Ad NONYMUM N0-100p0 NOKPUTHE HA KPHUBATA HA BAACHKA 33 TAACHHA
nepuoj. Taka nonyuenata kombunHpana ¥ xpusa sa GiceKa € noxazana
Ha Qur. 3.2, Ta cbabpxa 41 GOTOMETPUYHK TOYKH U € H3NOA3LAHA 33
ONpPeALIAHE BPEMETO Ha 3aKbCHEHHE,

3a onpeaensHe BPEMETO HA 3aKHLCHEHHE H3NON3BAXME KPOC-
xopenaunonrus meron MCCF (Oknyanskij 1994; Beskin & Oknyanskij
1995). Tosn mMeTon Gellie MPHAOKEH BHPXY MOMYYEHUTE XOMBUHHpaHH
KpHBH Ha B11AChKa BB GRATHD V33 ABeTe H306pa- xenus (koehuuuenTsT
Ha Kpoc-Kkopesianus e nokasas Ha ®ur. 3.3). B peayarar nonyuuxme, ue
BpemeTo Ha 3axberenue 3a TOC Q 0957+561 e Af,; = 430 £ 15 mm.

I'pemixata e onpenenena upes Morre Kapiio excnepumenta. Chino Taka
HHE HOJIYYHXME i OTHOCHTEIHOTO YCHIIBAHE MEXAY NBCTC B306paKeHns

(u3pasenio B spesmuu serwannn) Ant, ;= 0.15 mag. C Taka nonyuenure

OTHOCHTE/THH BPEME HA 3AKbLCEHHE H YCHIIBAHE, HHE TpaHC(OPMUpaxme
KpHBaTa Ha 6AchKa Ha A H306paxeHHETO KbM TasH #a B mobpaxensero.
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®urypa 3.2. Kombuxupana kpusa 5a 611CpKa 32 qBeTe H30Opakenus Ha
IeCQ0957+561 Bua ¥ punrap.
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Peaynrarer e nokaian Ha Our. 3.4, 0TKBACTO MOIKE ild CC BU/UK A0bpoTo
ChBNASHHUE HA ABCTE KPUBU HA Brachka,

CBLBPCMEHHHTE PE3Y/ITATH MOKAIBAT, UC BPEMETO HA 3AXbCHEHHE
3a IHC Q0957+561 ¢ B vuTeppana 400-440 uux: 417+ 3 anw (Kundic et
al. 1997), 404 + 26 auu (Schild & Thomson 1997), 425 17 swmn (Pijpers
1997), 424 +3 num (Oscoz et al. 1997). Hanmsr pesynrar, 430+ 15 i, e
B 106pO CHETACHE C FOPHUTE BPEMEHA HA 3aKbCHEHHE.

CoracHo (opmyna (1.8) 3a onpesensHe Ha napameTbpa HA
X1ORI ¢ IOMOLITA HA IPABATALHOLHO OKYCHPAHMTE CHCTAMH € HYKHO
CNEHOTO: AA MPEANONOKUM KOCMOJIOTHYEH MO, A2 CME H3MEPH/IH

0.70

Cross-correlation

0.50,58™ 360"~ 550 . 400 450 S00. 550
Time delay (days)

®urypa 3.3. KoeuupenT Ha KpOC-KOPE/IANHA 38 HALUMTE (TOPEH NaHEN)

# 3a ny6aukysanaTe nauuu (Josen naHen). 3a HAIKTE NaHHM
HeNpeKLCHATATA NHHNUA ¢ ¢ € =15 MHK, a npexscHaTaTa—Cc € =30 guu.
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®urypa 3.4. Kpusure ua 6nsacbhka Ha seTe n3obpaxenus sus V duirbp
CNIe( KaTO KpUBaTa Ha 6nachka Ha A u306pakeHHeTo e TpanchopMupana
KBbM Ta3u Ha B u306paxkerneTo ¢ MOMOmTA HAa ONPEACNEHHTE OT HAC
OTHOCHTEJIHH BPEME HA 3AKhCHEHHE K YCHIIBAHE.

BPEMETO Ha 3aKbCHEHHE U 12 CME IOCTPOR/IH MOJIE HA PA3NPE/IEICEHETO
Ha Macara B Jiemara. HHC cMeE npnenu KOCMOJIOTHYEH MOoaen ﬁa
Anrnaiin-ne Curep, a BpEMeTo Ha 3aKLCHERUE € OnpeneneHo oT nabio-
nenuara— 4301 15 nuu; ocrasa 1a ce HOCTPOK MOAE) Ha Pa3OpE/ENEHAETO
H& MacaTa B JIIIATa. 3T0/I3BANH CME JIB2 MOJIC/Ia Ha PA3NpPEACIECHHE HA
macara B 'OC Q 0957+ 561, u3uncnernn ot Grogin & Narayan (1996). 3a
mbpsua moaen Grogin & Narayan (1996) nonyyasaT cnenuus u3pas 3a
napamerspa Ha Xp6na:

o, 1.1 yr
H,=85+6|——— || = £t s 3.1
& 6[312km e ]Z( = ]kms Mpc (3.1)

KBAETO oohs € H3IMEPEHATA HEATPAIHA AHCNICPCHA RA CKOPOCTTA f10 N'bYa

Ha 3peHMe 32 rajaxTuxara-jenia (O, = 288 + 9 km s, Tonry & Franx

pat



1999).
3a pTOpHA MOAEAN NOAYYCHATA (hOpMyna 3a frapaMeTshpa L
Xu6b1 vMma puna:

H, =986 (S—Bﬁ-;_-.)'[l';(“ ka s Mpc™. 62)
: E .

C nomounra Ha (opmyi (3.1) u (3.2) onpeneuxme napameTspa
Ha Xu61a xakTo ceqsa: 68+ 7 km s Mpc'c uanon3saneTo Ha NLPEUA
mogen (popmysa (3.1)) 1 704 7 km s Mpc''c #3n0/I3BAHETO HA BTOPHA
mozen (Gopmyna (3.2)). 32 cpasHeHHE O-AONY Ca NPEACTABEHH HAKOK
PE3YJITATH 32 NAPAMETLPA Ha X161, 0AY4eRH KAKTO € H3TO/3BAHCETO
Ha apyri I'OC, Taka 1 ¢ TOMOLITA Ha APYTH METOMM:

(1).69%}3 km s Mpc' ~ nsnonssaua e TOC B 0218+357 (Biggs
etal. 1999);

(2). 757 km -1 Mipc-" ~#ononpasa e TOC PKS 1830-211
(Koopmans & Fassnacht 1999);

(3). 5977 km s Mpc" — manonssasa e T®C B 1608+656

(Koopmans & Fassnacht 1999);

(4). 54 £ 14 km s Mpc" — u3nON3BaK € ehexTHT Ha Crorses-
3enanosay (Myers et al. 1997);

(5). 65+ 7 km s Mpc! — n3nosnissasy ca capixuoed or la nogran
¢ ronamo gepseno ormecteane (Riess et al. 1998);

(6). 73+ 10 km 5" Mpc" — #3anon3saug ca oTrowenneTo Tyuu-
Dumiep 3a CNKPANHKTE ranakTHKH B CBPBXHOBHM oT la nmoarun,
xanubpupany ¢ noMomra Ha nedernnre (Freedman-et al. 1998).

KaxTo MOXe fa ce puau, uma ao6po CHBOANCHHE MEXIY
CTOMHOCTHTE Ha napaMerTspa Ha Xu0BA, DOMYYEHEH C DOMOIUTA HA
pasnuuey MeTonn. Ille orGenexuM, Ye NpH ONPEACNAHETO HA HO ¢
nomoniTa Ha NPC OCHOBHKAT H3TOYHMK HA CHCTEMATHYHH [PCIUKH €
MOJENET Ha pasnpenenewue #a Macata B FOC (Kochanek 1991). Tosa
BO/K O H3BOAA, HE PEANHUTE PEIIKE DK ONPEASIIHE HA MApAMETHPa
ua X561n ¢ noMotra Ra NOC ca ot nopsabka Ha 20-30 % epnpexH
TOYHOCTTA HAa ONpEAC/siHe HA BPEMCTO HA 3aKbCHCHHE (Bernstein &
Fischer 1999).

LJABA 4. BIMSAHUE HA EQEKTA HA 'PABUTALRMOHHA

@ "bKA HA KBAJAP,
HS 1946+7658

B Tasu rnasa € pasmielaHO BIMAHMETO Ha edexTa Ba
rpaBHTAIMOHHA QOKYCHPOBKE BBPXY OuIACHKA HA KBAIAPHTE.

[ PABATABHTALIMOHHATA (POKYCHPOBKR BIIKAE BHPXY ONACHKa HA
KBA3aPHTE 110 ABA HAYAHA: KOHCTAHTHO YCH/IBAHE HA BNIACHKA, IPHYHHEHO
OT MATEPHATA B TraJiaKTHKaTa-Jiema, BEMAala HEenpexkLCHATO
pasnpesenente; HeperyapHH yCHnBaHua Ha GJAChKa, KOraro KBasapsr
ce MpOoeKTHpa 0430 40 3B€3/1a OT raJlakTHKATA-JIeNIA. s

YCHIBAHETO HA H30GPAKEHHETO, MPAYMHEHO OT MaTEPHATA B
newata, HMama HeMpeKhCHATO pasnpeAecicHue (ras, npax, ThMEA
MATEPHA), €
Am=m-my, =-25xIgp, 4.1)
KBUETO M € BHIMMATA 3Be3NHA BEIHYKHA HA U306pakKEHHETO, M, €
BUIMMATA 3BE34HA BEIIMYHHA HA HITOUHHKA (T4 HE MOXE /12 C€ ONPENeIH
oT BabmoACHKN, 3aLOTO H3TOYHHKBT € HeHabmwogaeMm) B W e
koedrumenTHT Ha yeunsare (1.7).

BbpXy KOHCTAHTHOTO YCH/IBAHE HA GNACHKA, MPHYHHEHO OT

ranaxTHXaTa-JIela KaTo a0, Ce HACKArBaT HEPEryaapHu YCHIABAHUA OT
anna (Gould 2000)

)
p)=—r—s; (42)
uvu —4 ;
OpHYHHERH OT OTHAGJHH 3Be3JR B TraNakTHKaTa-jJema
(u=u(t)=B(£)/0; e bespamepuoTo pascrosnue Mexay 3Be3AATa~
Jielia H M3TOYHMKA); 3a 3Be3MIa ¢ Maca 1M pajMyCEr HA “NPBCTEHA HA
AHImais” ¢ OKOJO €AHa AbrOBa MHKPOCeKYHIA (OTTYK HIBA TEPMUHET
MHMKPOJOKYCHPOBKa, KOTaTO Jeiara e 3ge3sa). Korato H3TOuHKKET ce
npoexTHpa (1130 10 3Be3Na-N1e1a, YORIBAHETO &€ MAKCHMAIHO H KMaME
T.Hap. cuéuTHE e crmko yeunpaue (CCY, “high amplification event”).
Tunuunata dopma na CCY Moxe na ce puau Ha Our. 4.1, KbAETO €
MOKa3aHa XpUBaTa HA GNACHKA HA UITOYHHK 3a mepkok oT 100 romuasy,
xato 3a pasnnunute CCY ca u3bpann pasnuuyHEM CTOHHOCTH Ha
napameTpure, ¥ u(f,), KbACTO {, € MOMEHTA HA MAKCHMAIHO cOmrenne
HA H3TOMBHUKA U 3BE3aTa Jela; Jo6PE ce BUKAa 3aBUCHMOCTTA Ha hop-
MaTa Ha KpuBata ua Giaceka no speme va CCY ot MacaTa Ha 3B€34aTa-
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fewa. KpUBUTE ca NOCTPORHH KATO €A CYMUPAHH NET OT/LNIHA CCYV. e
OTBeeAIM, e HABMIOAATENHOTO H3ABSIBAHE HA NPOMEHKTE HA BIIACHKA
Ha [AKeH KBajap, OPO/AEHHU OT IPABUTALUMOHHATA MUKPODOKYCHPOBKA, ¢
croken mpobnem, 3auOTO MOBE4ETO KBa3apu MMaT cobcrseHa
(IPOMEHIRBOCT K € TPYILHO fa C¢ PA3AEIAT ABATA BUAA IPOMCEHIAMBOCTH.

Kpasapsr HS 1946+7658 (z=3.051, Hagen et al. 1992;R = 16.20,

Veron-Cetty & Veron 2000) € eauH OT KBa3apiTe C BUCOKA CBETHMOCT
(L, >1.5%10% Lg,,, Hagen ct al. 1992; M, = ~30.5, Veron-Cetty &

Veron 2000). Tripp et al. (1996) orkpHBAaT B CIEKTHPA Ha KBa3apa xpe
cucremn Mg 11 abcopbuUHOHHM NHHMHM C YEPBEHM OTMECTBARMA Z, =
1.11903 x z,= 1.53448 crorserno. B paum iu Ha#-NOMy/IAPHATA XHIIOTE3a
3a BHIHMKBAHETO Ha abcopGunonnuTte munuu na Mg I1 B cnexrpuTe Ha
KBA3APHTE € TA3H, (PH KOATO THUET Ha 3PCHAE OT KBa3apa Npecuta

151 ——T—— T
158
159+
160
16.1
) S
63—

———  M=0.01 M(Sun}
........ M=0.10 M(Sun)

magnitude

_Time [year]

@urypa 4.1. TeopeTuusy KPHBH Ha GnACHKA HA UITOUHUK, NOBAMAN OT
[PaBHTAIMOHHE MUKPO(OKYCHPOBKA, 38 PA3IH4HU CTORHOCTH HA MacaTd
Ha 3pe3puTe-nery. [okazanu ca 5 pasmnynn CCY. C abnra npekseHaTa
JTHHUA € OTOSIAIAH HCTHHCKHAT DA% CHK HA MATOMHHKA, T.€. B OTCHCTBHE
#a edexra Ha TPaBHTALIKOHHA (JOKYCHPOBKA.

X

APOTAAHO FA30B0 Xalo Ka ranakTika ot nonere {Bergeron & Boisse
1991; Bergeron et al. 1992; Bechtold & Elingson 1992; Le Brun et al.
1993). Mimaiikn npeisu/) BUCOKATA CBETHMOCT KA KBA3APA ¥ HATHHUETO
HA HAH-MAJIKO ABE aAaKTHKH, NPECHYAaHH OT JIbya Ha 3PEHME, HHe
npeanonoxuxmMe, e baschxsr Ha ksasapa HS 1946+7658 e yeunex o
rpaBHTALHOHHOTO BIMAHAE HA ABETE rajlakTHKH, npeauasuxeamy Mg 11
aBeopBuuaTa. ChII0 TAKA CHIICCTBYBA BB3MOXKHOCT 3a HACTHIBANE HA
CCY, npHYHHEHO OT 3BE3IUTE B ABETE FANAKTHKH.

B nabnionaTe el acnexT NenKTe, KOHTO CH IIOCTABMXME, Ca JIBE:
naTpyaHu HabmoaeHna (II0He Be/IHBX Ha RabirojaTe/IeH CE30H, KOraTo
YCIIOPHATA NO3BOJIABAT) C LEJ NOTy4aBaHE KpHBATa Ha 614CHKa Ha KBa3apa
u u3apssane Ha esentyainn CCY u nosyyasane Ha “apiaboxn” KaapH ¢
uen W3ABSBAHE RA ranakrukare, mpuurHssain Mg I aGcopbunsa B
CIEKTHpPa Ha KBa3apa.

Habnropenusta ca uposenesu ¢ 2-m reneckon 1 CCD xamepa
“Photometrics” va HAO “Poxen”. Manonssanu ca cravnapTay Johnson-
Cousins ¥ xR ¢pwarpr. O6uxROBEHO 32 BCAKA HabMOmaTEIHA HOLYL Ca
[OJIy4aBaHM 1O HAKOJKO Kabpa BBLB BCEKH QUATHP; 32 BCHYKM
HaB/IIOATe/IHE HOLIA Ka4eCTBOTO Ha a3obpaxenmero beme s 2.5”, O6wo
3a nepuoaa 1997-1998 ca nonyuenn 30 kagnpa »us ¥ punrep 1 23 kagbpa
B R ¢untop. [Iopeuynara obpaboTka Ha xagpure e RIBBPIICHA MO
cxemaTa, omucaHa B Iasa 3. KaTo 383 3a CpapHEHHE Ca H3NONI3BAHK
sseaqute R1, R2, R3 u R4 (Dur. 4.2). AGconioTua kanubposka Ha TEXHHTE
3Be3HH BEIHYKHH He € HIPLPUIBAHA, 3a0I0TO HAE C& HHTEPECyBaxMme
CAMO OT BB3MOXKHHTE NPOMEHH B SuiAchxa. MIHCTPYMEHTANHATE 38€30HH
BENMYMEN HA 3BE3JUTE 33 CPABHCHME W KBa3apa €a NOJYYEHH 4pe3
anepTypra GoTOMETPUSA (PANAYCHT Ha anepTypaTa e paseH Ha FWHM
HA ChOTBETHMA KaXbP).

Ot Pur. 4.3, XBAETO €4 NMOKAZAHH HOPMUPAHUTE KPUBH HA
GnscHKa, MOKE Oa Ce BHAM, e HALUATE Pe3yNITaTy 3a neprona 1997-1998
He U3ABABAT NPOMEHJIMBOCT, HANXBBPJIAINA PAMKATE HA I'DEIIKHTE.
Bonpexu aeaobpoTo NOXpHTHE HA KpHBATA Ha Ouiachka ¢ HabmronaTenau
TOYKH, MOXE /]a CE HAIPABH H3BOL, Y¢ COOGCTBEHATA IPOMEHIMBOCT HA
kBazapa ¢ MHoro cnaba. Jiuncara ma 3abenexuma cobcrTseHa
npoMeHMBOCT Ha ksazapa HS 1946+7658 ynecnssa neTeKT#paneTo Ha
esenTyanno CCY, 3a10TO BCAKO HEPETYNAPHO HIMEHEHAE HA BILACHKE ©
rOASMA CTENEH Ha NOCTOBEPHOCT MOXE A4 ce npunuure Ha edexra Ha
IPaBHTAIMOHHATE MUKPO(OKYCHPOBKA. : '

3a u3cneBane OKOJHOCTHTE Ha KBA3apa ¢ UeN HeTEKTUPAHE Ha
rajlakTHKHTE, NpRYHHaBaluy Mg 11 abcopOuuaTa B cniekTbpa Ha ¥Rasapa,

]
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MMT-tabhe  emam

Cooxtraies 119140, D
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Ourypa 4.2. Usobpaxenue Ha nosero (4.5" x 4.8, cymapHo Bpeme Ha
excroHauus 620 cex BR GprITHD), Bro4samo xsazapa HS 1946+7658 n
3Be3QMTE 32 cpaBHeHue. Cepep ¢ narope, M3Tok — HAJIABO. HaGmoparen
Bolixo Muxop.
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durypa 4.3. Hopmupanu spuss 1a Gnachka Ba kpasapa HS 1946-+7658 (V
H R duntpu) 3a neproga 1997-1998 r.

HHe cymupaxme 6 xanbspa nosyyend 8 R GruiTsp Ha 6 centemspy 1997 r.
Cymapuusr kagbp (Pur. 4.3) € ¢ IBIHO BpeMe HA EKCNOHALHMS 620 cexn
FWHM = 1.8”. Msnonasaiixa raxera DAOPHOT 11 (Stetson 1987),
urrrerpupas B MIDAS, Hue korcTpyupaxme isymepra PSF (“point spread
function, Taycuan + Jlopenunas) 3a Kanbpa, CieA xoeTo Mauabupanara
PSF 6eure H3B4CHA OT BCHYKM ODCKTH, NETEKTHPAHK HA HHBO 50 HAI
tona na nebero. Ha @ur. 4.4 ¢ nokasana 4-XxpaTHO yBeIH4eHATA
uenTpanua yact ya ®ur. 4.2, a va dur. 4.5 — chmATa YacCT caea
uspaxsagero Ha PSE Kakto moxe aa ce suau (Pur. 4.5), caen
wssaxaanero na PSF ne ce 3abena3sa ocTaThyHa CTPYKTYPa, KOATO 1@
gagexuasa Goua Ha Hebero. OT apyra CTpPaHa, KA4eCTBOTO Ha
M300paKkeHHETO HE € OCTATHYHO BHCOKO, 34 54 MOXKE C/1e H3BAKIAHETO
na PSF 1a ce u3ABAT HAKAKBH 326€71€XKHMH OCTATHIH B CHTPAIHHTE 2-
3” OKOJIO TIONOXEHHETO Ha KBa3apa. [pyr HEAOCTATHK Ha HALUMA T.HAP.
“mpnboK” Kagbp € HErOBOTO MAJIKO CyMapHO BpeMe HAa HHTCIPALHA.
O6extute O1, 02, 03 1 04 ca che 3pe3an BenHuKHl R, = 21.8 £ 0.4
mag, R, =224+ 0.6 mag, R, =22.9 £ 1.1 maguR,, = 23.6 + 1.9 mag.
3a A2 OLICHMUM JIONIHATA IPAHKIA HA 38€3]{HATE BEIHYHHH Ha [AIAKTHKATE,
npeaussaxsaum Mg IT abcopBimara, Hue A06aBUXME KbM OPHTHHATHISA
kaanp (Our. 4.2) H3KYCTBEHH 3BEI[IU C PA3IHYHA 3BE3)1Ha BESMYMHA (c
riomoTa #a DAOPHOT II). Ha ®ur. 4.6 e nokasana Pur. 4.2 ¢ aobasena
uakycTBena 3pe3na (R=22.913). ®oTomeTpHpPAHKY Ta3n 3BEINA BHPXY
nantns “gbpa6ox” Kaabp, Hue nonyuuxme R =231 % 1.2, x0eT0 e caHa
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®urypa 4.4, Lentpanuara obract Ha ®ur, 4.2, Bxmoypama ksasapa HS
1946 +7658, ypenudena 4-xpaTHo, Pasmepsr #a noxeto e 1.3'x1 3.

wod Q\..( 1 PSE

e Ly

®urypa 4.5. ChmioTo kato Ha dur. 4.4, no cnen uspaxnanero va PSE
Mapxupaky ca 0GEKTHTE B IOAETO, YHHTO CTAHIAPTHM 3BE3/IHH BENUHRHH

Gnlx; ;jtpeneneuu. Pascroaunara QSO-O1 n QSO-03 ca exorseTHo 17.5”
u19.3"



- durypa 4.6. Comoro xato Ha dur. 4.2, Kasasapur 0OeKTHTE C H3IMEPERA
ABE3HA BE/IKYUHA C4 MADKUPAKH (B IeHTHPa Ha nosieTo). flony RAss0 €
MapKHpana A0BaBeHaTa M3KYCTBEHATA 3BE3/a (S), ¥Mauia 3Be3nHa
seanunnaR =22.913.

1000

Iy

20 -2.5

Durypa 4.8. Xucrorpama sa yeunmsauero. JTo opmunarara ¢ Hanecen SposT
muxiar N, 3a KOHTO cMe mony4unH ycuupaHe Am (cTbpnkarta Ha
xucrorpamata e 0.1 mag).

HEAHKAIEA 38 NOCTOBEPHOCTTA Ha (hoTomeTpraTa Ka obexTure Ol no
O4. B peaynTar OT Te3H EXCIePHMEeHTH HHE HOCTaBEXME [0JIHA IPRHANA
3a 3BE3HHUTE BeHUAHH (R (MNTEP) HA rATAKTHKMTE, IPENH3BAKBALILH
Mg [ abcopbumaTa, OT 0kONO 23 mag.

3a fa ce NPOBEPH BBIMOXKHOCTTA, 4aCT OT CBETHMOCTTA HA
kBazapa HS 194647658 na ce auyoku Ha edextd Ha rpapHTALMOHEA
¢oxycupoBka, Rue nposenoxme Morte Kap/io cuMyaalmH Ha yCHJIBAHETO
Ha Onachbka Ha Kpasapa.

YHCNEeHOTO MOJENHPAHe € M3BBPILICHO B DAMKHTC Ha
OBYIAOCKOCTEMA Moaen (Bwx [liasa 2). Cera poadTa Ha et HrpasT
[BeTe ranaxThki (¢ yeppenu ormecTsanua zl =1.11903 n2z2 = 1.53448),
npenuspuksanu Mg IT abcopfuunsta B crexTspa Ha KBalapa. Thi KaTO
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MONOKESHHETO HA KBA3APA H PasCTOAHUATA Cd HIABCCTHH, HHEC 'l'pﬂ(’)llil Aa
PeAnROIOKHM AQIOMEHHE H MOSILS Ui pa'mpeneneﬂuc'ro Ha MacaTa 3a
sCAKa eana ot nenrrre., CHUL0 Taka ipHemame, se OnachKbr Ha KBasapa
e ycusneH 6e3 a ce Ch3/[aBaT HOBH HIODPAKEHHS, T.e. NPEANOTArAME, HE
H3TOYHUKET (KBAJAPET B OTCHCYBHE HA TPABUTAIHOHHA JICHLH) HE JIEKH B
“nphCTeHa Ha ARnIaki” Ha HKTO AHA OT JICLIATE.

' [MonoKCHUATA HA Jenure ce WIOHPAT NO CJry4aeH HAUHH B
KBaApaT ¢ pasmeph 207 X 20” ¢ UEHTDHP, CHBNANALY C NIOA0KEHAETO HA
xBa3apa. TToJIoKeHAATA HA JEIUTE, NPA KOKTO HITOUHHKET JICKH B
“npLeTeHa HA ARHINAHH HA IIOHE CAHA OT JICIIHTE, C& OTXBBP/IAT, 34 Ad
He c& NPENA3BHEA MHOTOKDATHO H306pAKEHHE HA KBA3aPA. 32 IBETe ELH
e MPENION0KERME, Ye pasnpeaenerueTo #a macata e CHIC ¢ iucnepcya

Ha cxopocTTa G, = G, = 200 km s™'. ChOTBETHATE PAnMyCH Ha
“npbeTena na Afnwmain” ca 0.436” w 0.301”. Cxemara Ha “HCIEHATE
CHMYJIAlHH, XORTO MPOBEJOXME, € ENEMEHTAPHA: 33 BCEKH IHKBII
NOXOXKEHHATA Ha ABETE JemH ce u3bupar mo ciydyacH HAUHH B
peNBAPHTENHO 3a[(ANeHaTa OBNACT, Cliel KOETO YCHNBAHETO Ha Osc1ka
Ha KBA3apa Ce WIUMCIIABA B 3BE3NHH BemHumHM (hopmyira 4.2)) u
Pe3yITATHT ce 3ankcea bLB daitn. ITo Tasu cxema Baxa peamuzupanu 100
000 pazauyum tuxbia. Ha Qur. 4.8 ¢ npeacTapeHa xucrorpamMara Ha
yeriBaHeTo. DAYKTYAUMATE HA XHCTOrPaMaTa Ca No-CKOpo pesyarar oT
CPABHHTEAHO MAIXKA GOl NUKIH, KOHTO PCAIH3INPAXMC, OTKONKOTO
PE3YNTAT OT HAKAKBB pealeH epext. MaKCHMAIHOTO YCHIBANE, KOSTO

noayanxme, ¢ A, = —2.09 mag; s Tosu cnyyaii xBazapLT ce

npoextupa GmH30 40 “nPHCTEHA HA AlHnais” Ha raNaKTMKaTa-sena
CbC YEPBEHO OTMeCTBaHE Z,. Toau Pe3ynTaT 03HAYABA, HE IILTHOCTTA Ha

Tabmuua 4.1. BepostHocTTa P yCHIBAHETO Ha Onchbka HA KBa3apa fa
AexH B HHTEPBANA (Am,, Am,).

Am,, Am, P [%)
00,05  97.607
-0.5,-10 2181
-1.0,-20 0.208
-2.0,-30 0.005

1OTOKA OT KBasapa € ycusena ot nemnure 6.87 bTi 10 OTHOWIEHHE HA
WCTHHCKATA ISTHOCT. MHHUMAJIHOTO YCHIBAHE, KOETO MOMY4BXME, €
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Am . =—0.06 mag. B Tabnua 4.1 ¢ rabyaupand seposroctra

min

P(&m, 2 Am > Am, ) yowwsanero na Gbae s uirepsana (A Am,).

Beauara ce puxaa, Y€ yCHNpaHe Ha O/1sCbKa, paBHO WK O-IOAAMO OT —
1.0 mag, ue ce nabi0iaBa MHOTO PAAKO; OT APYra CTPAHA, BEPOATHOCTTA
YCHABAHETO 14 ¢ no-manko o1 ~0.5 mag e 97.607 %. Tesu pesysraTy
TIOKA3RAT, Y€ YACT OT CBETHMOCTTA Ha KBasapa MOXKe Ja C€ ABJIKH Ha
YCHNBAKE, NOPOAEHO OT FPABHTALHOHHATA (POKYCHPOBKA,

OQCHOBHMV PEIVIITATH -

OcnoBHUTE Pe3ynTaTH, NOJY4YEHH B ChOTBETHHTE IJIaBH Ha
JMCcepTalMATA, MOFaT 1d Ce CYMHPAT KakTO CIenna:

[JIABA 2

(1). [ipennoxenuTe OT HAC MOJIENTH HA PA3MPE/LNEHHE HA MACATA
8 I'OC Q 2237+0305, a umenno mozenn ME+IIC u MUE+CHC, nasar
Ha#-006p0 CHOTBETCTBHE MEXY HAGNIOaBAHHTE H H3IYKCICHHTE
XApAXTEPHCTHXR Ha miobpaxenusta — Xar = 0.35 u Yo =044 5
CpaBHERME C BCHMKH NPCAMIIHE MOLC/IH Ha Tasu cucTema. TTokasano ¢,
Y€ ITABHUAT U3TOYHUK HA IPHANBHO BAMAHME € 06EKTST, npeH3BUKBAIL
Mg Il abcopbuusra (z = 0.5664) 8 cnexrspa Ha kBaszapa. Moaennpanero
€ H3BBPLICHO C NOMOLITA Ha Co(Tyep, pa3paboTer OT QHCEPTAHTA HA
6a3aTa Ha noanporpamure “amoeba” u “ran3” (“Numerical Recipes”,
Press et al. 1986);

(2). B pesysnTaT Ha YMCACHO MOJAENHPAHE HA PAsTIPECICHUETO
HA MacaTa B IMABHATA ranakruka-nema va FTOC Q 2237+0305 ca nosryyern
crenHKTe napaMerpu (ycpeauenn no mMoaesnu ME+IIC w UE+CHC):
UeHTpanHa qucnepcus Ha ckopoctTa 160.7+ 64.3 km s, acumMnTOTRYEA
poTanuossa ckopocT 257 km s, ropHa rpaMHIia HA PAJKYCa Ha AAPOTO
36 pe (uznon3pan e camo mMogen ME+CHC), oTHowesne HA ONyOCHTE
0.676, no3MIAOREH BI'LJ Ha rossMarta nonyoc 64.3°. Taka onpenenennre
napamMeTpH ca B fo6po ChINacKe ¢ Te3H, ONPENesIenHs OT HabIoeH s a.
Hanpage € H3BOM, Y€ Pa3NpEAENEHMETO HA MACATA B IIEHTPAIHATA YacT
Ha rnasuara ranaxrixa-newa ra POC Q 2237+0305 ¢ nouTH CHHIYIAPHO

# nouta maorepmamno (&, < 36 pc, n=1y;
{3). 3a rnapHATA rafakTHKA-NENla Ca ONPEAEIeHH OLIe MacaTa,
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” b ¥ +0.069 n
jaxniovexa B kpue ¢ panuyc 0.885% M = 147175, X107 Mg
(UE+CHUC monen), ¥ OTHOLWICHHETO Maca-CBeTUMOCT (34 IlEHTPaNHaTa

ofnact ¢ paauye 1), MIL, = 6.8°0; My, /Lys,, (ME+CHUC monen).
BhBEXIAHETO HA BTOPA MIOCKOCT Ha jElaTa Hamaiisa MacaTa,
12K/1I04EHA BbB BHOOPAKAacMHEA KPBT, TPACHPAE OT HU300paxXeHUATE, C
1.2%. Cpesnapaiixy HaIIUTE MONEIH C nyGnEKyBaHK Tak#Ba, HUE
nokaspaMe, Y¢ MacaTa B Kpbra, @opwp:: o ¥300paneHunATa, MOXE Ad
es1eHa ¢ TOUHOCT OT 0X0JI0 4%;

e on;;:; Onpenenens ca CeAHKTE NAPAMETPH, XaPaKTepUIMpaLH
BTOpATA rajlakTHKa-nea (moxen ME+CHC): uenTpansa AUCIEPCHs Ha
ckopocTTa < (253.6 40%) km §'; O/IHA TPAHMNA HA PajiyCa Ha FasOROTO
xano (8 xoero ce nossasa Mg I abcopbuuata) oxono 14 kpe.

[HABA3
(1): B pesynTaT oT (JOTOMETPHAT2 HA APXUBHA CCD xamp4,
noayuenn B Observatorio del Rogue de los Muchachos, ca nOCTPOCRH
xpren B4 Gnschka 5B B V (rnTpn 32 A 1 B n3o6paxenuara Ha XBasapa
Q 0957+ 561. Kpoc-KOpeal@ORRUAT ABaIM3 HA xomOuugpauuTe V kprey
Ha Bnsicbka #a A u B m3oOpaxenuaTa HM HO3BOJIE A3 ONPEASHHM
OTHOCHTE/IHOTO BpeMe HA 3aKboHeHHE MRy A B u300pancHUATa na

[®C Q 09574561, At = 430 % 15 nuu, xaxro x OTHOCHTENHOTO

yCHIBAHE MEAAY ABETE U30BPAXEHHA, AN,y = 0.15 mag;

(2). KomBusupajiiky ONPENesICROTO OT HAC BPEME HA 3aKLOHENHE
¢ B2 MONEsa HA PasnpCAe/IeHHE Ha Macata B rocC Q 0957+ 561, nue
OMYYMXME CACAHKTE CTORHOCTH 33 NAPAMETHPA HA Xu6pa: 68+ 7 km
s'Mpc! 70 + 7 kms* Mpc! choTBETHO.

: [JIABA 4

(1). B peaynTat 5a POTOMETPHUBHTE NATPYIEK HAGHONEHHA HA
KBasapa ¢ Bucoxa caeraMoct HS 1946+7658, mposeiers o nncex?rtma
2 HAO “Poxen” ¢ 2-m renecxon i CCD xamepa “Photometrics™ 3a
neproza 1997-1998 r., € yoTaHoBeHO, 4e BIACHKET HA XBA3APA OCTABA
HOCTORNEH B pAMXHTE Ba rpenkata. Topa OT CBOA CTPAHA e (OBCAE N0
f0-IECHOTO AeTexTHpane Ha eperTyanto CCY,

(2). Asanu3npaiku “meaB0ox” R Xa/Tbp Ha NOJIETO OXQNIO KBa3apa
HS 1946+ 7658, uue oupeneinxme [otara rpanuua (OKono 23 mag) 38
J8C3IHHTE BENHYMHH HR ABETE FANAKTHKH, NPEAH3IBUKBAILILK Mg 11
26cOpOLMA B CNEKTLPA HA KBasapa. EREHTYATHOTO perscrpupase Ha

R

NOHC CAHA OT FPANAKTHUKMTE We YICCHH HMCIICHOTO MOJEJIHPpAaHE Ha
YCHABAHETO HA GJIRCDKZI Ha Kpajapa, IIOPOJICHO Q7 rPAaBHTaLHUOHHATA
HOKYCHPOBKA;

(3). HncnenoTo MoJennpane Ha YCHABAHETO HA DIACHKA Ha
kBazapa HS 1946+7658, noposeHo oT ABETe FanaxTHky, NpeHIBHKBALI
Mg Il abcopbuust B cHeKTBPA HA KBa3apa, MOKa3a, Ye aKO BIFIOBOTO
Pa3CTOAHME MEXY FATAKTHKATE ¥ KBasapa e He nosede or 107, To
YCHIIBAHETO Ha BAcHKa wie exu B uuTepsaa (~0.06,-2.09) mag, karo
BEPOATHOCTTA YCHIIBAHETO A4 € NO-ManKko 0T ~0.5 mag e 97.607 %. Tesn
Pe3yJTaTH HOKA3BAT, Ye YACT OT CBETHMOCTTA Ha KBA3apa MOKE Aa C¢
A'B/DKH HA YCHJIBAHE, NOPO/IEHO OT 'PABATANHOHHATA (OKYCUPOBKE.

H3II0I3BAHM CEKPAIIIEHUS
['®C - I'pasuraiuonno Goxycrapana Cucrema,
CHC ~ Currynapra Usorepmanna Chepa.
CHE - Cunrynsipen Mzorepmaner Enmuncous.
UE - Usotepmanen Exuncouy.

ITC - MNpunusno CMymensue.
CCY ~ Cnburue cuc Cunno Yeunsase.
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