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BuBueHO €BOJIONIIO NPOCTOPOBOL NBOTOUKOBOL KopeasnifiHoi dynkrnii kBasapis (KOK). 3po-
GJIeHO TIPUITY MIEHHS, IO KBa3apu Ta 1HII eJeMeHTH BeduKoMacmTabHol cTpykTypu BeecBiTy yTBO-
PIOIOTBCS B MIKAX CKAJSIPHOIO TayCOBOTO MO (DAIOKTYAInil T'yCTUHU PEYOBUHU 3 BiAMOBI THUM
macmrabom R. KBasapu posriasHyTo AK HPOAB KOPOTKOYACHUX aKTUBHUX IPOIECIB B OBIACTIX
TaKUX (PIIOKTYAI, O TOUYMHAIOTHECI 3 MOMEHTY MHOSBH B IXHBOMY IEeHTPl IPOTHITOTOKIB ¥ Ge33i-
TKHIOBaJBHIT CKIa 0Bl Ta yaapHol XxBual B rasi. [lokasaHo, o Ipy TaKOMY MIAXOM 3MeHIIe HHS
ammnityan ROK 3 pocrom depBoHOro 3MileHHS z, Ha SKe BKa3yIOTh JaHl CIIOCTEPE JKeHb, MO Ke
Gy TU HOsICHEHE, AKUIO KBa3apH y TBOPIOIOTHCHA B HU3BKUX MiKax dIiokTyauiil rycrunn v(z) < 1.3.
ITpu npomy ammaityna KOK nocsrae minimymy npu z, = (0.9 +0.8)0(R) — 1, (6(R) — cepensbo-
KBaIpaTHUHa aMILII Ty 1a uX IroKTyariil) i saai, npu z > z, 36labury erbea. MoHoTOHHOTO 3MeEH-
merus ammiTy mm KOK i3 sGiasmennam z B iHTepBadi 0 < z < 5 Moske 6y TH JOCATHY TO Bl IITOBI -
HUM 3MeHIIEHHIM MacmTaby R pIoKTyalliil, y AKUX y TBOPIOIOTHCS KBa3apu. 30KpeMa, y CTaHaapT-
uift CDM-mozeai sakoH sminu MmacmTaby R = R(z) Mosxe matu Burasn R(z) ~ 3.3(1 + z)_1 Muk.
lle osmavae, WO SKIIO MPHU BETUKUX YEPBOHUX 3MIMIEHHSAX z ~ 4 - 5 KBasapu yTBOPIOIOTHCS ITe-
PEBaJKHO B oBIacTIX OTIOKTYAINH IyCTHHN 3 TaTakKTHIHIM MacmTaboMm R ~ 0.35h 7! Mok i € xo-
POTKOUACHOIO aKTHBHOIO CTATi€O eBOMIIONI MACHBHEX raJakTuk 3 Macoio M ~ 10" Mg, o mpn
MaJuX 4epBOHUX 3MimeHHsX z < 1 mepeBakae pOPMYBaHHS KBa3apiB yHACITIAOK IPOIECIB 3AUTTS
raJakTuK B Ipyllax raJakTuK 3 MacmTaboM BlAmoBlaAHUX obiaacrelt R ~ 1 + 2h~! Mok i macomo
M ~5.10" +5.10% M.

KiarouoBi caoBa: Benrnkomacmrabha cTpyKTy pa BececBiTy, Kopenamiitna pyHKIIA KBa3apis.
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I. BCTYII

OaHuM 13 BasKINBUX METOJIB IOCALIyKCHHS I[OoYaT-
KOBOTO CIIeKTpa TOTYHOCTH (DIIOKTyallil T'yCcTHHH,
3 SKNX YHACTIIOK TpaBlTaIlifiHol HeCTIAKOCTH MOTIa
YTBOPUTHCH CIIOCTEPE 3Ky BaHA BeINKOMACIITabHA CTPY K-
typa BcecBiTy, € po3spaxyHOK MPOCTOPOBUX JTBOTOUKO-
BUX KOPeASIAHNX (pyHKINNA ralakInuK, CKyITYeHb ra-
JAKTUK Ta KBa3apiB 1 1X TOPIBHAHHSA 3 JAHUMH CITO-
cTepeskeHb. ¥ 3B'SI3KY 3 UM KBa3apu TPUBEPTAIOTH
0COBJIMBY yBary, OCKIABKA ISMa30H YepBOHNX 3MIIIeHD
Z, Y SAKOMY iX CHOCTEpIraloTh, OXOIIIOE Maliske BCIO
eroxy eBoaomil BeecBiTy micasi pekombiHali. AHanris
CIIOCTEP e Ky BAHOTO POTOMIAY KBa3aplB y pl3HUX 1HTEp-
BaJaX UepBOHWUX 3MilleHb z (Hampukaan, [1-4]) Bra-
3y€ Ha HasIBHICTL KJIacTepu3alll KBa3apiB Y MacIiTa-
Bax r < 30 — 50h~! MmK, XapaKTepHUCTHEOIO SIKO1 € KO-
pensiiina byuruisa {gg(r) = (r/re)? 3 KoperAmfiHIM
pagiycoM 7o ~ 6 — 10 h~! Mk i THM s%e HAXILIOM, IIO
i1 B KopeasmiiHol pyHKINI raJakTuk 1 6araTnx CKyT-
YeHb raJakTuk: y &~ —1.8. BUcHOBKHU PO €BOMIOMIIO KO-
peasmiiinol pyHKINI KBa3apiB He € OTHO3HAUHUMU. 30-
Kpema, B [2—4] ammnirtyau Kopexsitiiinux byHKIIA KBa-
3apiB 3MEHIIYIOTHCSI 3 POCTOM Zz, ale 3a PI3HUMU 3a-
KoHamu, Toal sik B [1] cyTreBoi eBoatomil Kopeasiiinoi
dyHKIl KBa3apiB He BusBAeHO. OIHAK BlA3HAUIMO, IO
OIIBINCTD IMX PEe3yAbTaTiB YKa3yIOTh Ha 3MEHIICHHS

aMILTITY I KOopeaAmmiiHol pyHKINI KBa3apiB Ipu 3011k
HIEHH] Z.

Teopernuna Gasa miasi Po3paxyHKYy OCHOBHUX Xa-
PaKTEPUCTUK TIPOCTOPOBOTO PO3TOMIAY KBasapiB ocTa-
TOUHO 1e He copmoBana. lle TOSICHIOETHCST, 3 OTHOTO
OOKY, 3TraJaHIMU BUIIE PO3DIKHOCTAME B 1HTEPIIPETAIT]
criocTepeskyBanux nanux [1—4], 3 iHWOro, HU3KOW He-
BUDIIIEHUX TPUHIUIIOBUX THUTAHDL, MOB’S3aHUX 3 BUOO-
poM dismuHol MoAeal KBa3apHOTO MeXaHI3My Ta I0-
CHALIMEHHSIM YMOB, 3a SIKUX PO3TIOYNHAETHCS Horo (hop-
MyBaHHs. KpiM Toro, 1 ¢diswuHl YMOBH TOBUHHI Oy TH
BIIMCAHI B KOHKPETHUI cIieHapiil y TBOPEHHS BEIUKOMAC-
mrabHol cTpykTypu BeecBity. Ho Koma TaKUX HHTaHD
HAJeKATh, 30KpeMa, MUTAHHS PO Te, SIKUM € TUITOBUI
posMip obractell, me MOMKYTH yTBODPIOBATHUCH KBasapu
3 pi3HUME z. I3 BUKOpUCTAHHAM 3aMPOTIOHOBAHOTO Me-
TOJNY PO3paxyHKy KopelsmiiiHol ¢pyHKIl KBasaplB MU
MOKA3y€EMO, IO 3MEHIIEHHs 11 aMILIITYA 3 POCTOM Z
moB’si3aHe 3 BIIAIMOBIIHUM 3MEHIIEHHSIM THIIOBOTO DPO3-
Mipy X obaracTeii.

I1I. KOPEJIJ?[L[IfIHA PYHKIIISI KBA3APIB

IIpu BUBYeHHI eBOMIOIIl KOpedsmiiiHol (pyHKINI KBa-
3apiB MU BUXOJUMO 3 TIPUITY IEHHs, 3T1AHO 3 SKUM KBa-
3ap¥W € MPOsIBOM KOPOTKOUACHUX AKTUBHUX TPOIECIB,
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O B1AOYBAIOTHCS B IMKaX MOYATKOBOTO IO (PAIOKTY-
arifi TycTuHN peuoBuHN (6p) Ha HeJiHIAHINA cramii ix-
Hbol eBoatomil. CrouyaTKy BBaj;KaTHMeMO, IO MacuiTabd
dawrryamit R, y sikux g yac eBoaworl BececsiTy Ha-
POIFKY IOTHCS KBa3ap, He 3aJ e HUTh BL KOCMOJIOIIYHOTO
yvacy t. Tako K IpUIy cCKAeMo, 10 aMILIITY T1 X (DI FOK-
Tyarii (6p) =6 = vo(R) (v — Bucora mikis, o(R) — ce-
peTHBbOKBAJIpATHUHe 3HAUEHHA aMILIITY,I1) PO3IOIiTeH]
3a HOpMaJbHIM 3akoHoM. HBasapHa cTamlsi eBOJIOII
MOUMHAETHCST B AEAKUN MOMEHT Yacy t, KoJu B MEHTPi
B1AMOBIAHO1 PIIOKTYAIlll BUHIKAIOTH MPOTUIOTOKI T€M-
Hol MaTepu Ta yJapHa XBUIS B Tasi. BeJII/IqI/IHy d mnsi
Takol (hAIOKTyallll BU3HAUAEMO UYepes BlAMOBIIHE uep-
BOHE 3MillleHHA 2z = z(1) 3a Bupasom: §(z) = dc(z+1). ¥
BUIIAIKY CPepUYHO—CUMeTPUYHUX (hAIOKTyaliil — d. =
1.69, Hechepuunnx — d, = 1.33 (mus. [8] i nnToBaHY TAM
aireparypy). Mu HexTy eMo TipoMiskkoM uacy At, mpoTs-
roM STIKOTO POPMYETHCST KBa3apHUN MeXaHI3M, OCKIIbKH,
AK ToKasaHo B [b—7|, BIH 3HAUYHO MeHUMI BLJ KOCMO-
noriuHoro "acy ¢ (At < t).

SaraabHI BUTISA IBOTOYKOBOL KOpeIAiiiHol dyHK-
mil MKIB (pIOKTYaIlii, y SIKIX yTBOPIOIOTHCS €I1eMeHTH
BEAMKOMACIITAOHOI CTPYKTYPH (B HAIIOMY BUIAJKY —
KBasapm), srizHo 3 [13], € Takmii:

Egolr,z) = ( £oq(r 2) +v/&ss(r, Z))z’ (1)

Je r — BIIACTaHb MK HUMU B CYIIyTHIX KOODINHA-
Tax, €QQ(r z) CTATUCTUYHA CKAALOBA KODPEJsIii-
HOIL cbyHKLul MIKIB QPIIOKTYalllil IyCTHHM, ¥ SAKUX yTBO-
pIOIOTBCS KBasapW Ha 3aJaHoMy 2z, &5s5(r, z) — Kope-
nAmifiHa GYHKIIA GAOKTYaniil (InHaMIYHa CKIaI0Ba ).
Bennunny £s56(r, z) po3paxoByeMo 3a 3aJaHUM [OYaT-
KOBUM cleKTpoM moTyskHocTi P (k, R), sTnamsmeHUM B
MaciTabl R, 1o BlAMOBIIa€ MacIITaboBl 06 €KTIB:

dk

7 Pk, R) sm(kr)
Ess(r,2) = = [ k*—"% ,
0/ kr

1
= o2 (14 2)2

e

P(k,R) = P(k)W?*(kR),

W(kR) = ex ( ;k RZ)

— (YHKISA 3071207y BAHHS.

Bucoty mkiB dpaiokTyariii, y SKNX ¥y TBOPIOIOTHCS KBa-
3apu Ha PIKCOBAHOMY 2, BU3HAUAEMO 33 BUPA3OM:

_0e(142)
v(z) = 70’(R) ) (2)

Toni é55(r, z) MOsKHA 3aTICaTH B TAKOMY BUIJISII:
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vz

E3s(r,2) = (%) o(r), (3)

ne x(r) = Es5(r)/€55(0), E56(r) = Es5(r, 2 = 0).

Bupas mis £4(r,z) MosHA OTpUMATH, BUKODW-
crapiu pesyabratu [14], me Ha ocHOBI Teopii Buna axo-
BUX TayCOBUX TOJIB BUBEJECHO BUpA3 IJAs KOPedAmiiHOl
dyukIl HaraTux cKynueHp radakTuk npu z = 0. Hdxs
1IHOTO P BU3HAUEHHI IMOBIPHOCTH y TBOPEHHS KBa3apiB
Ha 3aJaHOMY z (aHaJoTiuHO J0 TOTO, AK y [14] npu BU-
3HAUEHH] HIMOBIPHOCTH Y TBOpEHHSA BAraTuX CKyMUeHb ra-
TaKTIK) Tpe6a JOAATKOBO BpaXyBaTH, 1O PI3HUIIA MiK
HIGKHBOIO 1 BEPXHBOIO MeyKaMU IHTeTDYBAHHsS 3a BUCO-
TOIO TKIB v, AK TOKa3aHo B [8-11], 3axeuTh BiJg TpU-
BaJOCTH KBa3apHOi ctami. SIKio 1151 TpuBaiicTh, 311 AHO
3 pesyabraraMu [5—7], 3HAUHO MEHIIIa 38 KOCMOJIOTIUHU{
gac t, TO PI3HUI M1K MeKaMI 1HTerpyBaHusa — Ay —

3HAUHO MeHma 3a V(%) (VA(;’) < 1). Y 1IboMy BUTIAJAKY,

AK BUILIMBAE 3 O3HAUeHHS CTATUCTHYHOI CKIam0BOl Ko-
pensmifinoi bynrmi [14], {5 (7, 2) He 3amessuTh Bi g vacy
FUTTA KBa3apiB, AKl yTBOPUINCH Ha PI3HHX Zz,
CYETHCSA BUPa30M

1 onu-

€olrz) = (1—2()~? (4)

X exp (%) — 1.

Miacrapnsoun supasu (3), (4) y dopmyny (1), maru-
MeMO TIOBHHI BUpa3 AAs KOpelsAmiiHol (pyHKINI KBa-
3apiB Egq(r, z) (meTaabHime nus. [1 ]) 3ayBaKIMO, 10
OTpUMAaHWl BUPa3 M si KOpeJIHL[lI/IHOI dyHKII KBazapin
Egq(r,z) (1)—(4) BusHauaeTbes MIHINHNM CIIEKTPOM IIO-
TysHOCTH P(k), Toml AK peaJbHUI CIEKTp B iHTepBaTi
3HaueHb k, 10 BIAMNOBIAAOTH MaJUM MaciiTabaMm 7, €
HeniHIHMM Ha Manunx z. OQAHAaK, 3TIAHO 3 pe3yabTa-
TaMU YUCAOBOIO MoJed oBaHHst [16], pl3Huils MisK Jiniii-
HUM 1 HeJTIHIAHUM crieKTpaMu Ha z = ( € He3HAUHOIO
B Macmtabax r > 2 — 3h~1 Mnk. OcKinTbKYM HAC IIKABY-
UMy Th Macitabu r > 5 — 6271 Muk Ha 2z > 0, orpuma-
HUN pe3yabTaT 3acTOCOBHUI y NMUX Macurtabax ais 10-
CALIsKeHHS BracTuBocTell Ego(r, ).

III. EBOJIIOLISI KOPEJ SIIITHOT @Y HKIIIT
KBA3APIB

Iast Buswenms esoatomil Egq(r,z) po3TaAsAHeMo il
TIOX1 THY 65%2(7«’2) PN JOBIABHOMY (PIKCOBAHOMY 7 B
obaracti €55(r,z) > 0 1 3HalizeMo yMOBH, IO BHU3HAUA-
oTh 11 3Hak. Anaxis upasis (1), (3), (4) nokasas, mo B
obaracti 0 < z(r) < 1 3HaK 1€l TOXIAHOI He 3aJ€3KATH
Bia sHaueHns r npu v(z) > 0.01. Tomy nmraHHA TpoO
Te, P SIKNX YMOBaX aMILTITYda KOpeJsmiiiaol dpyHKINI
KBa3apiB 3MeHIIYEThCS 3 POCTOM Z, MOMKHA JOCIIIUTH
aHaJiTHuHO B HabawmskenHi (r) < 1. Bupas (4) rtoqi
CIIPOTIY €THC A,



EBOJI OIS KOPEJ ALITHOI @Y HKIIIT KBA3APIBY KOCMOJIOITYHNX CIIEHAPIAX ®OPMYBAHH. . .

Egq(r,z) = v (2)x(r) (1)

1 36iraeThes 3 aHAJOTIUHIMI BUpa3aMuI I KOP eI siIii-
HUX QYHKIOIA ralakTUK Ta CKYOYeHb TadaKTHK, IO
VTBOPWANCHL Y BUCOKNX MKaX (pIOKTyaIlil rycTuHN
v(z) > 1[14].

Bupas (1) y nHabaussenni z(r) < 1 MaTuMe BUTTAL:

V‘zg))zx(r» )

9¢gq(r,2)
dz

v(z) = Voo, (3)

He o3uauae, mo npu nocTifiHomy mMaciirabl R aok-
Tyarifi, y SKUX YTBOPIOIOTHCS KBasapu 3 pPI3HUMUI
z, aMIIiTyma ixHbol KopensAmifiHol dyukIl gg(r, 2)
MOsKe TpHu 301AbIIEeHHI 2z abo MOHOTOHHO 361MbIIyBa-

I} rz
TUCH (&’2372(’) >0, v(z) > \/56), abo — 3MeHIIyBa-

35%2(7“72) <0, v(z) < \/56), JOCSTATH MIHIMYMY

Ha JeAKOMY Zx (%jr’z) =0, v(z) = \/66) 1 manl, mpu

folns) = (1) +

3 HLOTO BUILIWBa€, IO = 0, ROJIU

THUCDb (

Z > Zs, pOCTH (%jr’z) > 0). 30KpeMa, y BUMAIKY

3MeHIIEHHsT aMILIITymn gg(r, 2) 3 PocToM z, Ha sKe
BKa3YIOTh JaHl criocTepeserb [2—4], obMe e H s BUCOTH
mikiB v(z) < /0, O3Hauae, WO BIAMNOBLIHE 3MEHIICHHS
aMILTITY N KopeaAammitHol pyHKIN (AoKTyamiil, y AKX
YTBOPIOIOTBCA KBasaph, — &s5(r, 2), HE KOMIIEHCY €ThCH
361 MIBIIEHHAM aMILIITY M CTATUCTIYHOI CKIaI0BO1 Kope-
aaAmiiinol byHkmii miki mux datorTyaniit — &g (7, 2).
3 ymosu (3) BUmIHBAE, 1O

__aR)
RV

~1. (4)

s sagaHoro z, BeawunHa o (R) Moske Oy TH BU3HAUEHA
3 oBepuenoi saneskaocT: o R) = \/3.(z.+1). 3pincu pu-
IIMBAE, IO SKIIO 3MEHIIEHHST aMILI1TY I E’QQ(r, z) BLI-
OyBaeThbCs Ha BCHOMY 1HTepBal z, y SKOMY cIlocTepira-
IOTBCST KBa3apu, BRIIOYHO 10 2 = 24 ~ 45, 10 pu §. &
1.33 cepennpokBaaparnuHi ammaityan o(R) ~ 5.7+6.9,
J0 2« & 3 — o(R) &~ 4.6, 10 2. = 2 — o(R) ~ 3.4,
10 z & 1.5 — o(R) = 2.9, 10 z. & 1 — o(R) = 2.3,
10 zy = 0.5 — o(R) 1.7. le 30bpaskeno Ha puc. 1.
Tako s Ha HbOMY KIABISIMI MOKa3aHl TOUKN, KOO IMHA-
TaMU AKNX € 3HaueHHsA 0 (R) raJakTHUHOTO MacuiTady —
R~ 0.35h~! Mok — y KOCMOJIOTIUHIX MOJEAsX 3 Pis-
HIIM TUIOM IIPUXOBAHOI MaTepill Bl OB THI 1M 3HAUEHHST
YEPBOHUX 3MIIIEHD 2y . JOKIaTHITIN OMIC TNX Moae el
nonaHo B [11,17,18]. Ak Buaso 3 puc. 1., y 1ux Momessx
aMILTITYJa KopeasAmiiHol (pyHKINI KBa3apiB, M0 MOKY Th
YTBOPIOBATHUCH y MKaX pAOKTYAIN radakTHYHOTO Mac-
nrTady, 3MEHIITY €ThCS TIPU 2 < Zx , JOCATAE MIHIMYMY [IpU
Z = Zy, @ Jadl — TpH Z > zZy — 30LabIIyeThes. Bia-
noBlaHl 3HaYeHHs 2, 1as8 CDM — Moznexeil 3 Haxunamn

o~

~
o~
~

ixHIX creKTpiB oty skHocT n = 1,0.8,0.7 ¢ BiAMOBIIHO
3.16,1.06,0.45, a gnst H+CDM-wmomen1 — z. = 0.21.
TakuM ynHOM, Y TPUIYIIEHH], 0 KBa3apu € KOPOTKO-
YaCHOIO aKTUBHOK (Pa30i0 €BOMION] MAaCWBHUX Talak-
THK, TaTW ITHTEPIIPETAIN IO MOHOTOHHOMY 3MeHIIeHHIO aM-
ATy A Kopeasmiiaol pyHKI KBa3apis Moske CDM-
Momeab3 n = 1, ane TiabKy 00 z ~ 3.16. Ane mpu npomy,
AK TOKasaHo B [15], yHacaiJoK Manol BUCOTH KB aM-
mIiTy na Kopeasmifinol dbyHkmil kBaszapis £g¢(r, z) crae
MEHIIIOT0, HI¥K TalaKTUYHA, Bie Ha z ~ 1, 10 He BLI-
OBl A€ JaHUM criocTepeskedb [2—4]. B iHmmx Monesnsix,
SK BUIHO 3 puc. 1, eBoxomis Egq(r, z) y TakoMy -
X0/l TAKOMK CYTTEBO CYTMEpeunTh UM maHuM. [Ipwawmaa
MOJSira€ B TOMY, IO B IUX MOJENSIX BUCOTA IKIB, y
SIKIX YTBOPIOIOTLCS TadaKTHUKIM, IO B CBOIM €BOJIOIII
MPOXOMATHL KBaszapHy a3y, € 3aHaATO BEIUKOK. 3MeH-
HIyBaTH 11 MOKHA, BUKOPUCTOBYIOUN TPUITYIEHHS, IO
KBa3apy MOKYTH yTBOPIOBATHCH y IMKaX HAOKTyarit
IYCTUHE, MaciiTab SKUX 3HAUHO MEHNIMH BLJ raJakTud-
woro. Ilpore Take smeHmeHHss MacuTaby TpuBene 10
MPOTUPIYUYS 3 Pe3yabTaTaMU MOJIET IOBAHHS SBUIA KBa-
sapa [b—T7], 3TiAHO 3 UMM MiHIMaJbHA Maca TalaKTUK, y
AIpax AKIX BOHH MOFKYTh yTBOPIOBATHCE, € ~ 1011 M.

0 1 2 3 4 5 Zx

Puc. 1. Isomimis MIHIMYMIB aMILIITYI KOPEJIAITHOL
dyurnil keasapis £gg(r,z), AKUM BIANOBLAAlOTH uYepBOHI
SMIIIEHHST Zx Ta CEPEeTHBOKBAIPATUYHI aMILIITY I cr(R)
darokTyariit rycTUHM, 1€ Y TBOPIOIOTHCS KBa3apH.

TakuMm uMHOM, SIKIIO KBa3apu 3 PI3HUMU z YTBOPIO-
IOTHCSI B IMKAX KOCMOJOTIUHNX PAFOKTYaIlil I'yCcTUHN
ralakTUYHOrOo Macmraby i € KOPOTKOUACHOK aKTUB-
HOIO CTAMIIEIO €BOMIONI MACUBHUX TalaKTUK, TO 3MeH-
HIEHHs TIPU MaJWX 3HAUECHHAX 2 aMILTITY U KOPelsiifi-
Hol dyHEKII KBasapis £go (7, z) 13 361IbLUIEHHAM 2 O3Ha-
yae, Mo MaJiHHA TMHAMIYHOI cKIaa0Bol &s5(r, 2) He TO-
BUHHO KOMTIEHCYBATHCH POCTOM CTATHCTUYHOI CKJIa T0BO1
E’fQQ(r, z). 3rizHO 3 HAIIMMHU pe3yJIbTaTaMi, [le HAKJa-
Ja€ obMeHeHHsT Ha BHCOTY MiKIB (PAOKTyaIiil, y AKIX
yTBOpIoloThest KBasapu — v(z) < \/d., i npuBoauTh 10
pocty amimnityaun £gq(r, z) Ha Giabumx z. Tomy, mob
HOSICHUTH MOHOTOHHE 3MeHUIeHHsT aMIIiTynn £qq (7, #)
3 POCTOM 2, MPHU SIKOMY 11 KOpeASsIiiHui pamyc mas
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KBa3apiB, y BLANOBIAHOCTI i3 pesyabraramu [2-4], He
MEeHIINA BiJ radaKTUYHOro Ha z ~ 1.5 =+ 2, HeobX1mHO
BBOIWTH TIPUIYINeHHs, 10 Macmrad R daiokTyarmii, y
SIKUX  yTBOPIOIOTHCSA KBa3apu, 3MEHIIYEThCS 3 POCTOM
z. llpu npomMy Take 3MeHIIEHHS Ha BEIWKUX 2 He IO-
BUHHO IIPUBOAUTY A0 IPOTUPIUYs 3 pesyabraTamu [5—7].
Biamosi nanit BuGip 3aKoHY 3MeHIeHHA R(z) 103Boase
3HAWTH OTITUMANbHE CIIBBIAHOIIEHHS MiK CTATHCTHY-
HOTO CKJIaJ0BOIO E’fQQ(r, z), siKa 13 301ABIIEHHAM 2 POCTE,
1 ImHAMIUHOIO CKIan0BOIO &56(7, z), AKA 3MEHIIYEThCA.
Jasi mepeBIpKN 1IBOTO TpuUmyineHHs1 B pamkax CDM-
Mozdendl 3 n = 1 Mu BUOpaJAM 3aKOH 3MIHIH MaciuTaby
R(z) durrorryaniil, y AKNX yTBOPIOIOTECS KBa3ap 3 Pis-
HUME z, y Burasam: R(z) ~ 3.3/(1 4+ z). Biamosigai pe-
3yABTaTH PO3PaXYyHKIB KOpeAAMiHOl pyHKINI KBaszapis
3a BupasoM (1) mokasaHo Ha puc. 2. AMIIITYIa KOpe-
nanifinol dyHrmil kBasapis {gg(r, 2) MOHOTOHHO 3MeH-
uryeThest 3a 3akoHoM £gq (7, 2) ~ (1 4+ 2) 71 impu 2 < 2
il KopexsmiiHU pajiyc He MeHIHH BiJ ragakTHUHOTO
(r(? > r§ ~ 5h~'Mux).

EQQ(rlZ)

0 5 10 15 20 25 30
rh

Puc. 2. Kopeasniiina dyHrnis ksasapie £gg(r,z) mpu
z2=20.5,1,2,3,4,5 y cragmaptriit CDM — mozei.

OTpumani pe3yabTaTu 100pe BKIAMAIOTHCA B 3aralb-
HUI crieHapiil y TBOPEHHS Bed MKOMAaCIITabHOI CTPYKTY P
Bcecsity. Bonu mokasyioTh, M0 KBa3apu Ha BeJTUKHX
2 YTBOPIOIOTHCST Y BUCOKHUX IMKAaX rajJaKTHYHOTO Mac-
mTaby 1 € paHHBOI KOPOTKOYACHOK aKTHUBHOIO hasoio
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€BOJIOIN] MacWBHIX TaldaKkTuK. PI3MUHIM MeXaHI3MOM
SIBUINA KBaszapa B IbOMY BUMAJIKY MO3Ke DYTU aKperis
rasy Ha MACHUBHY UODHY AIpY B IEHTpaX TAKUX Tajak-
K. [IpoTe 31 3MeHIIEHHAM z TTOPYY 13 M MeXaHI3MOM
pocTe IMOBIPHICTE peaaisaliil 1HIIOTO MeXaHI3MY BIUHIK-
HeHHsI KBa3apiB, sSIKMI CHOTOIHI 1HTEHCHUBHO OBIOBOPIO-
10Tb y JaiTeparypi (Hampuraaz [20], [21]), — saurTs ra-
TaKTUK y TpyTax TalaKTuK 3 pisHuM MaciiTabom R 1mmx
rpyn. [Ipu mboMy 31 3MeHIIeHHSIM 2 Tieit MacuiTad pocTe
1y sumaaxky CDM—wmozmeni 3 n = 1 mocsira€ BeJUUMHI
R(z) ~1.5—2h=! Mnk npu z < 1. Kpim rtoro, siKio
3MEHIIEHHST aMILIITY I KopeaAmiiinol pyHKIN KBa3apiB
Ha MaJuX 2z BUMarae, mob Macinrad (paoKTyariii, y SsKux
Il KBasapyW yTBOPUINCH, OYB CYTTEBO OIILIINM Bl ra-
TaKTUYHOTO, TO 16 MOKe O3HAUATH, [0 Ha MaJUX z Me-
XaHi3M YTBODEHHS KBasapiB YHACTINOK 3MWTTS Tadak-
TUK y TPYTAX € CTATUCTUYHO JOMIHY IOUUM Y TIOPIBHSIHHI
3 IHIIMMY MOKTUBUME MexaHizMamu. He BUKIOUeHO,
o TpH MHOMY (PI3UYHMI MeXaHI3M aKTHBHOCTH KBa-
3apiB 3aJUIIAETHCS TUM CAMHUM — aKpeIlisi Ta3y IeH-
TpaJdbHOl YACTUHN TaJaKTUKN Ha MacCUBHY YODHY Py
B 11 simpi. Ha BeTUWKMX YepBOHUX 3MINMIEHHSIX CBIUEHHS
KBazapa BLIDYBAETLCS 3a paXyHOK aKperll rasy sapa,
SIKII 3HAXOONTHCS Ha HecTIKNMX opbitax. 3a yvac ~
Tgso ocHobHa ioro maca ~ (Lgso - Tgso)/(c%e) =~

2. 107(L47 -77)/e01 Mg, (me Ly7 — cBiTuMicTh KBa-

L
Qso
epr/cek ( ot
TQSO)
)

BaaicTh KBasapHoi dasu B oaunmax 107 pokis ( Tk
€p.1 — eEeKTUBHICTH TEPETBOPEHHSA MACU B €EHEPT1IO BU-
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sapa Lgso B onunnax 1 ) , T7 — TpH-

TIPOMIHIOBAHHS IpH akpelni B ogmuntisnx 0.1 (05—1) ) BU-
MMaJa€ Ha YOpHY APy 1 KBasap racie. Bil Mo e aKTHBI3Y-
BaTUCH Mi3HIIIE HA MAAUX 2 Y TUX raJaKTUKAX, Kl 371~
BalOTHCsT. ¥ MpoTeci 3MUTTs BHACTIIOK 31 TKHEHHS Ta30-
MIIOBUX KOMIOHEHT raJaKTHUK Ta IIPUIIMBHOI B3a€MO M1
B 06 1aCcTIHECTIHKOCTI OpHIT 3HOBY MOSIBASETHCS JOCTAT-
HBO Ta3y, MaiHHs SIKOTO Ha YOPHY JIPY B SApI BUKJIMUE
onHy 13 HopM AKTUBHOCTH sSAED TaTaKTUK.

IV. BUICHOBKU

OTs#e, SIKIO KBa3apu 3 PI3HUMU Z Y TBOPIOIOTHCA B TIl-
KaX IOYaTKOBOTO T'ayCIBCHKOTroO MoJs PAIOKTyaIlil Ty-
ctuaN pikcoBaHoro Macmrady R, TpPUBAIICTH 1XHBOTO
ICHYBaHHs 3HAUHO MeHINA 3a KOCMOJOTIUHMIT uac 1 aM-
maiTyna ixHpol kopeasmifinol dyHrmil £go(r, 7) 3MeH-
IIYEThCsT 3 POCTOM z, TO: MO—Tepliie — KBazapu TMO-
BUHHI yTBOPIOBATHICEH Y HU3BKUX IMKaX PIIOKTYAI Iy-
cruan (v < /), mo—apyre — ammairyma Eqq(r, z),
3MEHIIYIOUNCh 3 POCTOM 2, HOCSITa€ MIHIMyMy TpH
ze = 0(R)/\/6. — 1 i mami, mpu z > z,, 36iaBITyeTHCA.
Skio KBaszapu yTBOPOIOTHCS B MEKaX (PIIOKTYaAINil ra-
JAKTUYHOTO MacIITady, TO BiAMOBIAHI 3HAUYECHHS 2y M5
CDM-—momeneft 3 HaxumaMu iXHIX CIHEKTPIB IOTY JKHO-
ctu n=1,0.8,0.7 ¢ 3.16, 1.06, 0.45, a gna H+CDM-
Momenl — z, = 0.21. OmHak mamHl cIocTepes;keHb He
JaloTh YKa31BOK Ha TaKy HEMOHOTOHHICTH 3MIHU aM-
mairynu £go(r, z). Orxe, oTpuUMaH pPe3yIbTaTH MOKa-



EBOJI OIS KOPEJ ALITHOI @Y HKIIIT KBA3APIBY KOCMOJIOITYHNX CIIEHAPIAX ®OPMYBAHH. . .

3yI0Th, IO MOHOTOHHE 3MeHIIeHHA aMILIITy I Egq (7, 7)
3 POCTOM z He Y3TOIMKY€E€ThCS 3 TIPUMYIUIEHHAM, 10 B 1H-
TepBaJl yepBoHUX 3MimeHb 0 < z < b KBaszapum yTBO-
pIOTBhCST B TKaX (PAIOKTYAIlfl TYCTUHN TalaKTUYHOTO
macmraby. Take sMeHmeHns aMmwiityau oq(r, z) 3 po-
CTOM Z, OUEBHUIHO, MOKe OYTH BUKIANMKAHE BlAMOBIIHIM
3MeHNeHHsIM Maciralby R daokryamii, y AKux yTBO-
pPIOIOTBCS KBaszapuw 3 pisHuMu z. 30kKpema, y CDM-
Momdenl 3 n = 1 Ile 3MeHIIeHHs aMILI1Ty a1 Bl 10y BaeThC s,
AKIIO 3aKOH 3MiHM MacmTaby R = R(z) mae Burasg

R(z) = 3.3/(1+ 2) h=! Muxk. Bin ysromssenuit 3 mpurry-
MIEHHAM, 10 Ha BeIUKNX YePBOHNX 3MIMIEHHSAX 2 ~ 4 -+ 5
KBa3apy y TBOPIOIOTHCS MEPEBaKHO B 006 T1aCTAX (PAIOKTY-
alliil ragakTnaHoro Macmrady R ~ 0.35h~1 Mnk i € ko-
POTKOUYACHOIO aKTUBHOTO CTa Il €10 €BOM IO MACUBHIX T'a-
nakTuk 3 Macoio M ~ 101 My . Oxnak npu maanux gep-
BOHUX 3MIIIeHHAX 2 < | MepeBaskac yTBOpEHH KBa3aplB
VHACALIOK 3MUTTS TaTaKTUK Y TPYIax TalaKTHK 3 Mac-
mraboM BiamoBi 1aux obaacreii R ~ 1 = 2h~! Mk i ma-
coto M ~5-10*2 =5 1013M.
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THE EVOLUTION OF QUASAR CORRELATION FUNCTION
IN COSMOLOGICAL SCENARIOS OF LARGE-SCALE STRUCTURE
OF THE UNIVERSE FORMATION

B. S. Novosyadlyj, Yu. B. Chornij
Astronomical Observatory of the Ivan Franko State University of Lviv,
8 Kyrylo « Mefodii Str., Lviv, UA-290005, Ukraine

The evolution of the space two—point correlation function of quasars (CFQ) is studied. It is assumed that
quasars as well as other elements of the large scale structure of the Universe are formed in the peaks of the
random Gaussian field of scalar density fluctuations with the corresponding scale R. The quasars are supposed
to be the short term active processes in the center of such fluctuations and form offer appearance of the first

counter flows in collisionless component and shock wave in gas. It is shown that observable decreasing of the
amplitude of the CFQ can be explained in the framework of such an approach when quasars are formed in
the low peaks of density fluctuations v(z) < 1.3. In this case the amplitude of the CFQ has the minimum at
zx %2 (0.9 +0.8)0(R) — 1, (6(R) — root mean square of density fluctuations) and grows at z > z.. The decreasing
of CFQ when z increases at 0 < z < 5 may be obtained by the corresponding decreasing of the fluctuation density
scale R, where quasars are formed. In particular, in standard CDM model such a change of R may be as follows:
R(2) = 3.3(1 + 2)~* Mpc. It means, that at high redshifts z ~ 4+ 5 quasars are formed on the whole in the density
fluctuations of the galaxy scale R ~ 0.35h~ Mpc and are a short term stage of the evolution of massive galaxies
with the mass M ~ 10" Mg. At the low redshifts z < 1 the formation of quasars as a result of the merging of
galaxies in a galaxy group with the corresponding scale R ~ 1+ 2h~" Mpc and mass M ~ 5-10'% =5 . 10" Mg

is predominant.
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