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BATATUX CKVYIIYEHD I'rAJIAKTHUK Y MOIEJIAX 3 KPUBUHOIO

TA KOCMOJIOI'TYHOIO CTAJIOIO
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IIpoanasizoBaHO 3aJI€KHICTH MOYATKOBOI aMILIITYAN ChepuIHO-CUMETPUYHOTO 30ypeHHsA TyC-
THHM, fKe KOJIAIlICye B Cy9acHY €eIoXy, d., Ta KIHIIeBol BIpisIi3oBaHol A, Bif HapaMeTpiB KpUBHHHA
3-mpocTopy ¥ KocMosoridHoi crasol. [lokasaHo, 10 B MoIeadAX 3 Bl €MHOK UM HYJIHOBO KPHUBH-
noto (k < 0) Ta momaTHOMO KoCMOJIOriuHOK crasnoro (A > 0) §. MeHwa Bin Ii KaHOHIYHOrO 3HAYEHHI
1.686 (k = A = 0) BHacJHOK TpUBaILIOro Yacy pocty 36ypeHH:. B MomessxX 3 IONATHOI KPHUBU-
HOIO 3-TIpOCTOpPY . MOxKe OyTH fK MEHNIMM Bl KaHOHIYHOIO 3HA4YeHHs, TaK 1 OLIBIIMM BlO HBOTO.
[Ipuaomy, sk €2,y IPAMYE A0 IeAKOTO KPUTUIHO MAJIOTO 3HAYEHHA, KPUTUIHA aMILIITY Ha TIPAMY-
BaTWMe [0 HECKIHYEHHOCTH. X 04 MiAlla30H TOPOrOBOTO 3HAYEHHA aMILIITYIu 30ypeHHd HeBeIuKuit
— 1.55 < 6. < 1.75 B miaam mapamerpip —0.4 < Qp < 0.4, 0 < O <1, 0.1 < Q,, <1, pisHAIA
3HaYeHb KOHIIeHTpalljl 6araTux CKymdeHb raJakTHK, PO3paXoBaHMX y MexXax ¢gpopmaiizmy [Ipeca—
IlTexTepa 3 peaJbHUM | KaHOHIYHUM 3HAYeHHAME J., IJId dedKUX Momeseil carae 30%. dianason
KIHIIEBOTO 3HAYeHHS BIIHOCHOTO BIIXWJIEHHA TYCTHMHM CKOJIAIICOBAHOI XMapw BifI ¢poHOBOI, A., €
3HAYHO NIMPLIMM [IJIA TOTO K midArnasony mapamerpis: 60 < A, < 180. lle mpuBomuTh Ho BlOXU-
JIeHb PO3paxXOBaHWX 3HaYeHb PEHTI'€HIBCBKOI TeMIlepaTypH rasy Ha ~ 40% Bim pospaxoBaHWX [IjIst
KaHOHIYHOTO 3HaveHHdA A. = 178. HaBemeno aHaiTH9HI arpokcuMalil 3ajekHocTei 55(Qm7 Q A) i
A (Qm, Q4), TOUHICTH AKKUX y 3ragaHOMy HiAlla30HI HMapaMeTpiB € He Menmoro Hik 0.2% r1a 1.7%
BIOIIOBLITHO.

KuamouoBsi ciaoBa: KocMosorival Momesl, KOCMOJIOTIYHa cTaJa, 30ypeHHs I'yCcTHHHA, HaraTl CKyII-
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YeHHdA TaJIaKTHUK, (PYHKINA Mac.

PACS number(s): 98.80.Ft, 98.80.Es, 98.65.Dx

I. BCTVYII

BaxkauBuMu XapaKTepHCTHKAME BeJMKOMACIITaOHOI
cTpyKTypu BcecBiTy, Ha OCHOBI AKHX CHOTOIHI BU3HA-
JaloTh HOTO KOCMOJIOTIUHI TapaMeTpH, € (pYHKINA Mac
Ta peHTTeHIBCchbKa PYHKINA TeMIepaTypu HaraTux cKyI-
YeHb TaJJAKTUK. |HTeHCHBHE BHBYEHHs OaraTWx CKyM-
9eHb TaJJAKTHK BciMa acTpodI3sHIHIMHE 3acobaMu 3y-
MOBJIEHE IXHIMI BH3HAYHWMH BJIACTHBOCTAME: a) BOHI
€ HaliblIbIIUMHI T'paBITAIiiHO 3B’ A3aHUMEI CHCTEMaMH
y Bcecsiti; 6) crocrepexyBaHnii KpuTepili BHmlJCHHA
MUX CTPYKTYP HACTLIBKE YITKUil, 10 [TO3BOJIAE CKJIa-
JaTh KaTaJoTH IUX 00 €KTIB 3 HalOlIBIIOK MOBHOTOK
npuHaiimEL B pagiyci ~ 300h~ Mok B KoHycax ~ 30°
HABKOJIO TOJIIOCIB Halol [aJakTHKH; B) POIOILI Ta-
JIAKTUK Y TPOCTOPI Ta 3a MBUIKOCTAMHU B CAMUX CKYII-
YeHHAX yKa3ye Ha IXHIO JUHAMIYHY PIBHOBary, a OTiKe,
3aCTOCOBHICTh OCHOBHHX TEOPEM IMHAMIKH I'paBlTaliii-
HUX CHCTEM [I0 BU3HAUEHHA 1XHIX (PISUIHAX XapaKTePHUCc-
THK CYYacHOTO CTaHy; T) PO3BHHYTHI M HEX hopMa-
aizm IMpeca—IlTextepa Ta fioro Mmogudikarii [1-9] nos’a-
3ye 1M (DI3HTHI mapaMeTpH CKYIYeHb 13 XapaKTePUCTH-
KaM# MOYaTKOBOTO CIEKTpa MOTYKHOCTH 30ypeHb Tyc-
TWHU, AKUM OMHUCYETHCA BCA CHOCTEPEXKYBaHA BEJIUKO-
macmtabua crpyktypa Beecpity. et cmektp moTyik-
HOCTH 9YyTJnMBHI AK g0 anmHamidanx (craga [abbia,
KpUBHHA 3-TPOCTOPY, KOCMOIOTIYHA cTaJIa) MapaMeTpiB
BceecniTy, 9Ki BU3HAYAIOTH MBUIKICTH Ta MPUCKOPEHHA
fforo posNIUpeHHd, TaK 1 10 TapaMeTPiB IyCTUHE PI3HUX
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CRITANOBUX Marepii (6apionn, $boToHN, HERTPUHO Ta Ti-
MOTETUIH] YaCTUHKY, $Ki CTAHOBJIATL MPUXOBAHY Macy
BeecBity), mo it 103BOJIAE BU3HAYATH Il TapaMeTpH Ha
OCHOBI CITOCTEPEKYBAHUX JAHUX JJId HaraTux CKymdeHb
raJlak TuK.

ExcrnepumMenTaabHl mporpaMm OCTaHHIX POKIB 3 BH-
MIpIOBaHHs (DJIIOKTYAIll TeMIepaTypu peJIKTOBOIO BH-
IpoMiHIOBaHHA B pisHux KytoBux Macuitabax (COBE,
Boomerang, MAXIMA, DASI, Archeops, Wmap Tta
iH.) 31 CTBOpEHHAM MOBHIIINX KAaTaJOTIB TaJaKTHK 1
ckymdeHb ramakTuk (Sloan Digital Sky Survey, 2dF
Galaxy Redshift Survey Ta iH.) mafoTh 3MOry BH3HAYHTH
OCHOBHI KOCMOJIOTIYHI TapaMeTpH Ta OIHUTH pPIBEHD
JIOCTOBIPHOCTH TAaKOTO BH3HAYEHHdA. Yce Olaplia TOY-
HICTH B €KCIEPUMEHTaX BHMAra€ TOYHINIOTO TeopeTHd-
HOTO ONHUCY CIOCTEPERKYBaHUX dABUIL. B ocHosl dopma-
msmy Ilpeca—Illextepa JeKUTH (beHOMEHOMOTITHA 3a-
JIEXKHICTD (PYHKINI Mac baraTux CKymieHb raJakTHK Bl
CepENHbOl TyCTHHN pedoBHHE y BeecBiti (p), mucmep-
cii duorTyarifi rycTuHE Ha MacmTabl cKymdeHb (o)
Ta TMOPOTOBOTO 3HAYEHHA aMILIITYAu JIIOKTyaIlll Tyc-
TWHU, TPU AKOMY 30yPEHHS KOJIATICYE B CYYaCHY emoxy
(8c): nps(M) = F(M,p,onr)de/onr exp(—62/203%,), ne
F = \/2/np/M?|dInoy /dIn M|. Y pobori Exe Ta iH.
(1996) [4] mokasaHo, 110 TOTOYACH] CIIOCTEPERYBAHI TaHi
100pe alpOKCUMYIOTHLCA ILI€H 3a/eXKHICTIO HpU d, =
1.686, aKe OTPUMYETHCH 3 TUHAMIKT KOJIATICY CPEPUIHO-
CHMETPHIHOI XMapH B ILI0CKIi Mome i BeecBiTy 6e3 Koc-
MOJIOTITHOIL ¢Tas101. BUCHOBOK IIMX aBTOPIB PO MaJIy 3a-
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JIEKHICTh 3HAYEHHS 0. BiJ KPUBUHE 3-TIpOcTOpy # Koc-
MOJIOTITHOL CTaJI01 BIAKPHJIO JOPOTY /A BHKOPHCTAHHS
IIBOI0 KAHOHIYHOIrO 3HauYeHHd . = 1.686 mpu HOBLIBHUX
3HAYEHHAX KPUBUHU 3-TIPOCTOPY 1 KOCMOJOTIYHOI CTa-
ol 6e3 aHa 3y MOMHIOK, AKI IPH ITHOMY BHOCATBC.
Aute maHl TeCTyBaHHA BUIMMA 30PAHA BEIUIUHA — T€P-
BOHE 3MIIEHHS 114 HAJHOBUX THUIY la, AKl movasam Hal-
xomutn 3 1998 poxy (mme. [10-12], i mokimkn B HHX),
YKa3yloTh Ha Te, MO BcecBIT po3mupoeThea 3 MPUCKO-
PEHHSM, a OTiKe, HalibLAbII MpaBaonomibHa Moaeab Bee-
CBITY [JOCHTH CHJBHO BIAXHAAETHCA Bl KAHOHITHOI —
MOZEJ 3 HYJABOBOIO 3-KPUBHHOI Ta HYJIBOBOIO KOCMO-
JIoTigHOl cTasion. HafiiMoBipHIilIe, o rycTHHa MaTepii
(remua moc Gapionn) craHoBETH TiabKH 20-30% Bin
KPUTHYHOIrO 3HAYeHHd TyCTHHH, a pemrta — 10-80% —
e TeMHa eHeprid (KOCMOJIOTiuHa cTasla, eHeprid Baky-
yMmy, abo KBIHTeceHIif). Yce Ile BUMAra€ yBasKHINIOTO
miaxomny o 3actocyBanna popmastismy [Ipeca—Illextepa
JIJIA PpO3PaxyHKy KOHIEeHTpalll, PYHKINI Mac Ta PeHTIe-
HIBCBHKO1 (pYHKI1 TeMIepaTypn OaraTwmxX CKym4deHb Ta-
JIAKTHK y PI3HEX KOCMOJIOTIIHIX MOIEIAX IJI4 1X 31CTaB-
JIEHHA 13 CIIOCTEPEKYBAHUMHE JTAHIME.

MeToro miel ctarTi €:

— TpoaHaJI3yBaTH HAUHAMIKY KoJlamcy cdepraHo-
CHMETPHYHOI MIJIOMOAIOHOl XMaph B MOAEJIAX 3 JOBLIb-
HOIO 3-KPHUBHUHOW il KOCMOJIOTIYHOIO CTAJIOI0 Ta 3aJe7K-
HICTH BIJI HUX IMOPOTOBOTO 3HAUEHHA MOYATKOBOL aMILTi-
Tyau 30ypeHHA TYCTHHE, AllPOKCHMOBAHOI 33 3aKOHOM
pocTy JiiHIiHOI Teopil 30ypeHb J0 CyJacHOTO MOMEHTY,
d., Kou 30ypeHHs BXKe KOJIAICY€E, Ta KIHIEBOI (DJIIOK-
Tyallll TYyCTHHI XMapH IMICas BCTAHOBJICHHS AIMHAMITHOL
piBHOBarm, A;

— oy AyBaTH ampOKCHMAIlll MIX 3aJeKHoCTell Bl 3Ha-
YeHb KPUBUHE 3-TIPOCTOPY Ta KOCMOJOTIYHOI CTAJIO1;

— HOCJIIATH BIAXWJIEHH (PYHKIII Mac Ta peHTTeHIBChbKOl
TeMIEepaTypu 0araTux CKyImIeHb raJak THK TPH BUKOPHUC-
TaHHI TOYHOTO i KaHOHIYHOTO 3HadYeHb . 1 A, (1.686 i
178 BigmoBigHO) 0/1a Momeselt, AKi ChOTONHI aHATI3YIOTE
y JiiTepaTypi.

HurnaaMika KoJamcy cdpepuIHO-CHMETPUIHOl THJIONO-
MIO6HOI XMaph IJd Mojesell 3 HyJIboBOIO KPHUBHHOIO 3-
MPOCTOPY Ta HOBLIBHUM 3HAYEHHAM KOCMOJIOTIYHOI CTa-
JIOl, a TaKOXK Y 3arajibHIIIOMY BUMAJAKY, MOIEJIENl 3 He-
HYJILOBOIO 3-KPUBUHOIO MpoaHasi30BaHo B npangax [4,13].
Y mift ctarTl ME JOKJAmHINIE BUBIAEMO TUHAMIKY KO-
Jancy chepuIHO-CUMETPUIHNX 30ypeHb IJid MOIesel
3 IOBLABHUME HapaMeTpaMy KPUBHHH Ta KOCMOJIOTIY-
HOI CTaJIol Ta aHAJII3YEMO BILIHB 3aJI€2KHOCTH KPUTHIHOL
aMILTITYON Bl WX TapaMeTpiB Ha PO3PaXyHOK pyHK-
mi Mac HaraTmx CKym4eHb raJakTuk. [jid mboro 3Ha-
XOIMMO PO3B’A3KH BIAMOBIIHUX PIBHAHB, AK1 OMHCYIOTH
PO3BUTOK 30ypeHDb TYCTUHN Ha BCIX eTalaX eBOJIIONI Ta-
KOl XMapu 1 6YAyIoThCA Ha OCHOBl pIBHAHL AHIITaiiHA.

II. PIBHSIHHS TUHAMIKHA IIUJIOIIOIIBHOIL
XMAPUTIPU A#0Ik#£0

s aHa i3y po3BUTKY chepHIHO-CUMETPHIHUX 30y-
peHb y BcecBiTi 3 BIAMIHHOIO BiJ HYJIS KOCMOJOTIY-

HOTO cTanol (A # 0) posnIAHBMO JWHAMIKY MHJIONO-
Mi6HOI XMapy B CYIMyTHIX KoopauHaTtax. HaramaiiMo, mio
BHepiie momibHy 3amady poss’asa miaa A = 0 Tox-
mer 1e B 1934 p. [14]. Mu posriigagaruMemMo JUHAMIKY
cpepUIHO-CUMETPUIHOI XMAPH IO MOMEHTY BUHUKHEHHA
MepUINX TPOTHIOTOKIB, TOOTO EPETHHIB TPAEKTOPIH OK-
pemux gacTnHOK (cepnunnx obosonok). Ha mifi cramii
IWHAMIKA PEYOBUHE A0OPE allpOKCHMYEThCH HAOJIMKEH-
HAM CYIIJIBHOTO CEpeIoBHINA, TOOTO TEH30pOM eHepIli-
IMIYJIbCY 1AeaabHOL PIIHHM:

Ek:(E—l—P)uiuk—gikP, (i,k:0,1,2,3),
ne ¢ = pc? — ryctuHa eHeprii, P — TimponmHamivHmit
THUCK, %; — KOMIOHEHTH 4-IIBUIKOCTH.
HabnmkeHnHa cymJabHOTO MIJIOMOMIOHOTO CepeIOBHINA
3 P = 0 mosBosige posrasgpaTu 30ypeHHs B CHCTEMI
BIIIIKY, 1O € OMHOYACHO CHHXPOHHOI Ta CYIyTHHOO
(ug = 0,0 = 1,2,3). ¥V cepuunnx OpocTOPOBHX KO-

opannatax R, 6 Ta ¢ Merpuka Takoro BeecBity MaTnme
rakuii Buraan [15]:

ds? = dr? — 2B AR? — p2(R,7)(d6? + sin? 0dp?). (1)

Pipnannga AliHnrraiina 3 KOCMOJIONIYHOIO CTaJI00 Ta 3
ypaxyBaHHAM TOIO, IO 4acoBa 3MiHHA Ma€ PO3MIpHICTH
OoBKWUHE (T = ct), € BiamosimHO

BupaxoBytoun KoMmoHeHTH TeH30pa R, 114 METPUKT
(1) i migcrapnaoun ix y piBHAHEA AfiHuITaliHa, a TaKOXK
y34BIIN 0 YBaru, o B Hamomy Bumaaky Ty, = 0, o1-
PUMAEMO TaKy CHCTEMY DIBHAHb:

Y
€ 1" /2 AV 1 - 3 -2
—r—2(2r r4+r —7°7°/\)+r—2(7°7°/\+7° +1)

=87Gp+A, (2)

2%r + 72+ 1 — e = Ar?, (3)

P P L VR

A+2—4+ 4+ ———2" =Ny =2A 4

+ r+ 2 + r r (2r r) ’ )

Al =27 =0, (5)
ne'E%,a’E%.

Yci 1HIN KOMIOHEHTH TOTOKHO AOPIBHIOITH HYJIEBI.
[HTErPASIOM OCTAHHBOTO PIBHAHHA €

(r'(R,7))*
1-f(Rr)"

eA(R,T) —

ne sesmunaa f(R) sagoBoibHAe ymoBy 1 — f(R) > 0.
Mincrapnatoun fioro B (3), oTpuMaeMo
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0. KYJIIHTY, B. HOBOCSI NI

2fr +17 — Ar® + f = 0. (6)

[Tepirum 1HTEr paIoOM IBOTO PIBHAHHA €

rt=—/, (7)

ne F(R) — mesasieXHa BiJ dacy BeIWUIWHA.

o pIBHICTH MOKHA IHTEPIPETYBATH AK PIBHAHHA 366-
pPEKEeHHA eHepril MaTepialbHOl TOYKH OAWHHIHOI Mach
npu ii pyci B norenmigibomy mosai U = —(A/6)r? —
F/(2r) 3 noBHoto eneprieio, pisroo — f /2. IloMHOKUBIIHT

(2) ma r'r? i Bukopucrasum (5) Ta (7), onepxyemo

/

8rGp = pE

[IpoirTer pyBaBiIm OCTAHHIO PIBHICTH, MATHMEMO

R
F(R) = SWG/przr’dR = 2Gm, (8)

0

Jle m — ToBHa Maca KyJii 3 pamiycom R. [arerpyBanug
3OIACHIOETHCA Ha TIIEePIOBEPXHI MOCTIRHOTO Yacy, TOMY
dr = r'dR. TlincraBusum B (8) TpencTaBieHHA p =
p(L+6(R, 7)), me §(R, 7) = (p(R, 7) — (7)) /p(7) (p(7)

— cepenHe 3HAaUEHHA IycTuHH y BeeciTi), oTpumMaemo

8rG 3
P(R) = Z5 (1 46,) = B (2) (146,), (9)
3 a
Ie
6B = [ *d
W(Ro7) =5 [ oy, m)y dy.
0
Tyt Q,, — rycTuna 3pmYaiifol MIIOMOMIOHOI MaTepil B

ONMHUIIAX KPUTUYIHOI TYCTUHH pedoBWHN ¥ BcecniTi

3H2Q,
= ——a

pr) = Sl ),

ne Hy — cporomuimHe suadennd crasol [abbia, a(r) —
MacuiTabumii pakTop GoHOBOI KOCMOJIOTITIHOI MOIEl 3
MEeTPHUKOTO

ds* = dr? — a(7) [dR* 4+ x*(R)(d6” + sin® 0dp?)] .

Takum anHOM,

abo
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5.(R,7) = (6. (R7) + 1) (1)3 (-1

a; r

Je 1HOeKC ¢ mo3Hadae (PIKCOBaHI B JOBLALHUI MOMEHT
Jacy 7; BeJHUMHE. ZKIo BlACyTHI 30ypeHHHA, KOMIIO-
HEHTH METPUKU MATHMYTh BULJIA

VY upomy BHNaaKy cucreMa piBHaAHB (2)—(5) 3BemeThCA
110:

A
a* — SFGﬁaZ - —a® = —k,
3 3

(12)

2da +a® — Aa®> + k = 0,

e k= (1-— X’z(R))/XZ(R) — mapamerp KpuBuHu. [iii-
CHHMHY PO3B’A3KaMH OCTAHHBOTO PIBHAHHA €

sin(wR)/w
X(R) = R
sh(wR)/w

1, BLAMOBIIHO,

1
k= 0
-1

Tyr w = w/Ry, ne Ry — paaiyc Beecpity. g 3a-
KpuTtux Mozeneii (k = 1) Bin e mificHoro BesmunHOW0, a
o BigkpuTux (k = —1) Ry yasre. CucremMa piBHAHD
(7), (11) i (12) mosBosiAe omucaTH PO3BHTOK 30ypeHB ¥
gaci Ha ¢oHl rabbaiBchbKoro posmupersd. [lotaTkoBumn
yMoBaMu € 6, ; = 0, (a;) Ta r; = r(a;).

II1. JIIHEAPU3AIIA PIBHAHD MOJIEJII
TOJIMEHA I IX PO3B’sI3KHN

Po3IJIAHBMO IO CHCTEMY CIIOYATKy AJd MaJux 30y-
peHb, TobTo ipn § < 1. ¥ 1MBoMy BHIAIKy KOMIOHEHTH
MeTpHKH (1) MOMKHa 3ammcaTn Tak:

eA(R,T) — az(T)(l + hll(Ra T))’

r(R,7) = a(r)x(R)(1 + hos(R, 7)). (13)

Buxopucrosyioun (7) i (9), piBHannaa (6) MOKHA TIpe-
CTABUTH Yy BHLJIALI]

2A
2rr — ?rz + —87;Gﬁ(1 + 4, )r? = 0.
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Hora mamnx 36ypenb (hy; < 1, hae < 1) B siHiliHOMY
HabJIMKEHH] OCTAHHE PIBHAHHA MaTUME BULJIA,

. 4
a’has + 2aahss + ”TGma? =0. (14)

106 3HailTH 3B’A30K MLK BeJuYuHaAMU hos Ta J,., HiI-
ctamo (13) B (10) i oOMeRIMOCH BETHIHHAMHE HEPIIOTO
HOPAIKY MaJIOCTH

F(R)

b =
HiQnx?(R)

(1= 3hgs) — 1.

OckiZIbKU HAC MIKABUTUME JIUIIE 3POCTAI0YA 3 TaCOM 34
aMILTITYI0I0 MOa 30y peHb, s Kol mpu 7 — 0 hos — 0
Ta §, — 0, TO

F(R) = H2Qm Y (R). (15)

[Hakme Kaxky4u, aHaJli3 HOBEIIHKH 30YPEeHb IIPOBOMIMO
Ha OCHOBl TMOPIBHAHHS PO3MOALIIBE OTHUX 1 THX CaMHX
raJlJakTHK y IIPOCTOPl 1 3a IBHIKOCTAME B HIJIAHKaX 3
OIIHAKOBOI MaCOIO M ¥ MexKaxX OJHOIo it Toro x R. Pis-
HAHHA 11 pocTy 30yperb pedosnun (10) 3 ypaxysan-
HaMm (15) mae BurTAR

1 JOCHTH 9aCTO BHKOPUCTOBYETHCA A KOPEKINl JI1HIH-
HOTO CIEKTpa MOTYKHOCTH 3a HesiHifiicTs [16]. Bomo
TAKOXK ABJIAE COOOIO BIMHOCHY PI3HHUIIO POHOBHUX T'yCTIH
JIBOX Mofieseli 3 PISHUMU 3HAYECHHAME CTAJIUX 1HTETrpy-
BaHHA KOCMOJIOTIYHUX PIBHAHB. ¥ MACYMKY MOXKHA 3a-
MUCATH, IO

h22 = —%(57‘ (R,T). (16)

[Ia ymoBa hakTWYHO BHILIAE 3 AOBLIBHUX TOTATKOBUX
YMOB Ti, IO BU3HAYAIOTH CKAJIAPHY MOy 30ypeHb, Hall-
MIKaBINLY B KOCMOJIOTIYHAX TOCTIIKEHHAX. BoHa aHaJIi-
3yeThcd B Halmit crarTi. [ligcTaBUBIIT OCTaHHIO PIBHICTD
y (14), orpumaemo Take miHifiHe PIBHAHHA /19 POSBHTKY
30ypensb (nuB. Takox [17]):

8 + 224, — 4rGps, = 0. (17)
a

Woro saraJibHl po3B’d3KU MOXKHA 3alMCaTH AK BIIHOCHY
PI3HHUITIO POHOBUX TYCTHH ABOX OJM3BKHX MOAEJEl, 1Mo
BIIPISHAIOTHCA CTAJTMME 1HTEIDyBaHHs piBHAHHA (12)
[17]

1 da

)
a doj

J

© o~
J

Ie aj — j-Ta cTaJia iHTeI pyBaHHA KOCMOJIOTITHOTO PiB-
HAHHS.

Juta opHosHaUHOTO po3B’a3Ky (12) Tpeba s3amatn Ha
JIeAKW TOBIABHUI MOMEHT Yacy 7; 3HAUYEHHA MacIITab-
HOTO bakTopa a; = a(r;). 3okpeMa MEH HpuHMaeMo,
10 B mMovYarTkoBuit MomeHT 7 = ( macurrabuuit dpaxTop
a(r = 0) = 0. JTomOBHEHHA [TUMHU TTOYATKOBIMH yMOBaMI
piBagAHHA (12) mae 3MOTY pO3paxyBaTh 3HAUEHHSA MaCIIl-
TabHoTO hakTOpa Ha OYIb-AKU 1HIITIE MOMEHT Jacy, 30-
KpeMa Ha TelepilrHiit 9. Ha mpakTui BusHadeHHs BIKY
Beecnity (79) saificHoeTbCs Ha OCHOBI BHMIPIOBaHb Be-
JWYAHEA TocTiiinol ['abbsta, dKa, 3a o3HAUeHHAM, PIBHA
H = a/a. Tlosnayumo rtenepiurne ii 3nadenns a8 Hy, a
MacmTabHOTO paKkTopa BIATOBIIHO Gg. Y BUIAJKY HEHY-
soBol Kpusnan (k = 1, —1) MaruMemo, 1o

1 k
T HN Ot -1
Benuuunn p, Ta A BH3HauYeHI B TelepilHIE MOMEHT
qacy y PI3UIHEX KOOpAMHATaX, 1 1X 3HAYEHHA HE 3a-
JeKaTh Bl ag. Jia BUmaaKy HYJIbOBOI KPUBUHE BEJIH-
9WHA ¢¢ HeBU3HaTeHa 1 MoxKe OyTH BHOpaHa JOBLILHIM
graOoM. OUeBHIHO, MO PISTIHUE 3MICT Ma€ He KOHK-
peTHe 3HaYeHHdA MacIITabHOTO (haKTopa, a BlIHOIICHHHA
a(m)/a(m), e 7 1 T meAKi OOBIIBHI MOMEHTH 9acy.
[MpuBenemo muisa 3pyarocTu MacinTabuuit pakTop B o1u-
HUIAX HOTO TENepiltHhoro 3HAUEHH ag. 1le BigHOImEeH A
CIoYaTKy MO3HAYNMO AK & = a/ag. PiBHanua (12) mpn
bOMY Habepe BUTIILY

a ———pa — =—k

bl

: 81G A -
12 ™G _.a 55‘2

e k= k’/a% — BeJIMYMHA, 10 MoXKe IpuiiMaTn Oy Ib-gaKl
HelepepBHI 3HadeHHA. Hagasl mepemosHadnMo k Ha k,
BBaXKalo4l HOTro HENEPEPBHOIO BEJIUIHHOIO, a BEJMIUHY
a Ha @, Maloun Ha yBasl, 1o MacuTabuuit dpakTop y Te-
MepillHIl MOMEHT Yacy OJIA BClX Momesiell HopMOBaHMA
Ha oguauIo. [lapa Bestuaun 19 Ta k € cTajauMu iHTErpy-
BaHHA KOCMOJIOTTYHOTO piBHAHHSA. OTKe, MATUMEMO [IBA
PO3B’A3KI

13_a 1 0a

Sp1~— Sp o~ ——.
o1 adry’ 27 4 ok

Abo, 3TiIHO 3 O3HAYEHHAM,

ﬁ(TakaTO + dTO) - ﬁ(TakaTO)
pb(TakaTO)

67‘,1 ~

bl

plrk + dk,m) — po(7,k,m0)
ﬁ(TakaTO)

67‘,2 ~

BuropucroBytoun inTerpas piBHaHHA (12), ocTaHHI BH-
pasm MOXKHA 3alIMCcaTh B OLIBIT Hao4dHIi dopmi

b1~ Lxie, 8o~ lXl/z/x—?’/zda,
a a
0
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0. KYJIIHTY, B. HOBOCSI NI

e X = %az + %ﬁaz — k. TyT ypaxoBaHo, 1[0 B o4aT-
KOBHIT HYJTbOBHIT MOMEHT Jacy MaciiTabumuii dpaxTop mo-
piBHIoe HyJIeBl. Hac mKraBuTHMe JImiie 3pocTaloInii pos-
B’A30K J, 5. YBemeMo nosHadeHH:A [17]

H2Q,, f
D(a) = 5#)(1/2/)(—3/%1@. (18)
0

Tom Tounmit MHIAHEA po3B’d30K y HapocTaiowii Mol
306y peHHsA PEUOBUHU 3ATUIIEMO K

& (a) = =" D(a). (19)

3 oryigmy Ha Te, MO 30YPEHHdA Ha TMOYATKOBUX eTarax
postupenHs (e a < 1) 6y/10 1oCTATHBRO MaJINM, MOJKHA
BBazKaTH, 1110

IV. HAPAMETPH 5. TA A, I IX 3AJIEZKHICTD
BII A I k.

Onnieo 3 BaXKJIUBUX BEJWYNH, AKY BUKOPUCTOBYIOTH
y KOCMOJIOTIL, aHAJI3YI0OYN YMOBH (POPMYBaHHS CIIOCTE-
pexKyBaHOl BeJImKoMaciiTabuol cTpykTypu v BeecsiTi, €
moYaTKOBa HaliMeHIIa aMITiTyAa 30y peHHsa TyCTHHE pe-
YOBWHW, AKa HeOOXigHa IJid floro Kosamcy B neBHU Mo-
MeHT 4acy. BoHa mosHagaeThed d. 1 3aJIeKUTH 9K BiT
mapaMeTpiB (oHOBOI MoAesl, TaK 1 BIA 9acy KOJIANCy
Teol: 0c = 0c(Qm, QA, Teol). Y JIiHIAHIA Teopil po3sBHTKY
36y peHb 3pocTaloTnii po3B’A30K OMUCYEThCA PIBHAHHIM
(19). M6 sHafiTn posB’A30K, AKHil omncyBaB 6u BHUIa-
mok § > 1, ckopucraiiMoca (hakToOM, 10 HAPOCTAIOUY
MOJIy CKaJAPHOTO 30ypeHHd BU3HAYAE PISHUI MoaesIei
3 PI3HOIO KPUBWHOTO Ta OJHAKOBUM CTapTOBUM dacom. Lle
JO3BOJIAE BHILIATH 13 3arajbHOro poss’asky (10) nwuure
3pocTaiody Horo 4acTHHY HIJIAXOM CHHXPOHI3aIll 3a da-
coM inTerpaJis pisHaAHb (7) Ta (12) BimmosimHo

r

—

a)
da

a
O/J%aﬂ%ﬁaz—k

=T.

(l
A
o

dr
fA2 L F
37° + r f
ITpupiBHABIIN IBa OCTAHHI BUPA3M, MATUMEMO

r(a)

/a da _/ d?” (21)
R R RV R

Y MomeHT 3ynuHKEN 30ypentda, TobTo Koau 7 = (), Besu-
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YHHA 7 Ma€ CKIHUEHHE SHAUECHHA I = T'tq, 1€ Frq = 7(0sq),
1 BU3HAYAETHCA 3 PIBHIAHH:

A
g?”?a — frta —|— F = 0

Y meii MOMEHT MimIHTEI DAJILHUN BUpa3 MpaBol dac-
TuHA piBHOCTH (21) Mae HECKIHYEHHO BeJIMKe 3HAYECHHA,
IpoTe caM 1HTeIrpaJ, BHACIIIOK XapaKTepy oOcobJIm-
BOCTH, 3aJIMNIAETHCA CKIHYEHHOIO BeswdnHowo. [lepernn-
urimMo (21) B rpaHMYHOMY BUTJIALIL:

Qtq d Tta d
R R e
) y/Aa? + 3550 — i JoJAre By

ne PV — roJioBHe 3HaYeHHA 1HTEr paJia.

Sk yxe sasHavasocd, piBHAHHA (7) eKBIBAJEHTHE PiB-
HAHHIO 30epeKeHHda eHepril pyxXy MaTepiajbHOl TOYKH
B JIeAKOMY CEPUIHO-CHMETPUIHOMY MOTEHIATBHOMY
nosi. fIk Bimomo, mpu Bim'emHIl moBHIl eHepril (TobTo
upu f > 0) Takuil pyX € CUMETPUIHAM ¥ 9aci MoI0 Mo-
MeHTIB, e © = 0, a oTKe,

Teol = 2Tiq,

Jle Teol — MOMEHT KoJiarcy 36ypennda. TyT BpaxoBaHO,
IO PO3IIMPEHHdA TMOYAJIOCH B HYJbOBUI MOMEHT dacy.
o piBHICTH MOKHA TMEPENNCATH IK

Geol Tta
da dr
/ =2PV | ———,
A2, 81G—= 2 Ao F
0 \/§G+TPG —k VALl |
Ie deol = a(Teol). SpoOUBIIM HesAKl HMEPETOSHAUEHHA Ta

Bpaxysasiiu (15), Marnumemo

Qcol Tia

/ Vada B vz dr
J VO + Qa+ Q- ) e+ Qpe+ Q)

(22)

se Qu = AJ(BHZ), O = $7G7°/(3H3), O = —k/HZ,
Q= /(I (R), & = 1/x(R), 210 = ria/X(R).

Bagatodn MOMEHT KOJAICY 1 BUKOPHUCTOBYIOUH OC-
TaHHIO PIBHICTE, MOXKHA 3HallTH Besmumuy {2; g 30y-
PEHHH, MO KOJIAIICYE B MOMEHT dcol. IMimcTaBmo (13) 3
ypaxysanuam (16) ta (15) B (7) i obMmemmMocsa BeTHIH-
HaMU TIEPIIOTO TOPAIKY MAJIOCTH:

o dd ) e A 37 f
2 r 2 =2 _ 2 . ’
aada—|—<a—|— 5 Pl 3a)(57« 2<X2 k)

Posrysggaroun 1o piBHICTL JIMIIE NPH MaJnuX «, M-
ctaBMo (20) B Ile PIBHAHHA | BUOMINMO JOTAHKH PN
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HYJBOBUX CTECIICHAX &:

3BLIKHA

Otke, (19) Marnme Takuii BUIAL:

(57{ (a) =

_ 3k — Q)
50,

D(a).

(23)

Orox, mogaTKoBa aMILTITYIa HAPOCTAIY0l Moan 30y-
pPEeHb BH3HAYAETHCS PISHUTECIO HapaMeTpiB KpuBuHU Ho-
HOBOTO 3-TTpOCcTOPY {2 1 JIOKAJIBHOIO B MIIAHII 30y peHHA
Q;. Qikcytoun gac KOMAMNCY Teol JeAKUM JOBLIBHIM UH-
HOM 1 BU3HAYaIOUN BeJINInNHy 2f 3 (22), sromom migcTas-
ssroun ii B (23), oTpEMaeMo, 3riJHO 3 O3HAYEHHAM, IIy-

1.75
1.70
< 165
160

1.55

B =S o e o

~

&3

~

OOWD:O:)
1 [

~

oo

P R R B |

1.40

1.20

1.00

d{aw)

0.80

0.60

L B B R A

4.00

3.00

2.00

t/[2/(3H,)]

1.00

R B e MARAREES

<
o

—
o

KaHy BeJIMYUHY 6,

3(2% — Qy(aca))
5Q,,

6c(acola Cl) = D(Cl), (24)

TYT Geol — MaciTabHuit hakTOp y MOMEHT KOJIATICY, d
— MacmTabHmit pakTop Yy MOMEHT Yacy, Ha AKHil, 3T1IHO
3 JIHHIAHEM 3aKOHOM pOoCTy 30ypeHb, 3M1CHIOEThCA mepe-
paxyHOK KpuTw4HOl ammmiTyau. Axmo Qg = 0, mpu Big-
MOBITHAX MEPENO3HAYEHHAX HaBeleHa PopMysia eKBIBa-
JIEHTHa 10 aHAJOTITHOl BEJINYHHE, OTPUMaHOl B pobOTI
[4]. Ona wmadinpocrimoro Bunaaky £, = 1 ta Q = 0
BoHa 36iraeThcd 3 pesyJibrartoM npaip [18,20], anxke, gk
HEBAXKKO IMOKA3aTH, TYT KPUTHYIHA AMILIITYAa MaTHMe
BUTJIAL,

3 3 2/3
S:(tco, a) = = (—F) 41686471

5 2 Qcol Qcol

1 IPH @ = aco) TpHiiMae KaHOHITHE 3HATCHHS.

1.70

165 o~
. s _

< /" 0,=1.0
Ly 0,=0.8
! 0,=0.6
1.60 I 0,=0.4
0,=0.2
0,=0.0

=

1.55
1.50

1.40

1.30

6aw)

1.20

2.00

1.50

t/[2/(3H,)]

1.00

o
o
o
[av]
©
=~
o
@
o
@
N
o

Pnc. 1. BanexnicTs HaliMeHIIOl aMILTITYIH KOJaICYIOY0ro B CydacHY eIoxy 30ypeHHs 0., lepepaXoBaHOl Ha TelepiNIHii
MoMeHT Yacy (a, d) Ta Ha MOMEHT 3yNMHKHN pO3IIMpeHH: ainaxnl 36ypenus (b, €), Bim ymicry marepii €, Ta npu iHmmx
dikcoBaHMX KOCMOJIOTIYHEX TapaMerpax BeecsiTy. Himmkde momamo 3aaexxHicTh BiKy BcecBiTy 11151 BIAIOBITHIX KOCMOJIOTTYHIAX
Mopesell B onuHHIAX Biky BcecBity KaHoHiuHOl Momeni 3 ,, =11 Qx = Q4 =0 (c, ).
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0. KYJIIHTY, B. HOBOCSI NI

Ha puc. 1 HaBeneHl 3ayieskHOCTI 6, Bl £, I/ MOAe-
sieft 3 BIKCOBAHNME 3HAYEHHAMN KPUBHHM (&) 1 KOCMO-
srorignoi crasoi (d). Iaa momeneit 31 cKiHIeHHNM Ta 10-
JATHUM 3HAYEHHAM KOCMOJIOTIYHOI CTaJIOl IJId KOJIAICY
HEOIHOPIAHOCTH HE AOCTATHBO, 100 JIOKAJIbHA KPUBHHA
JTAHKT 30ypeHHs 6yJia ToHaTHOO, OCKLIBKH KOCMOJIO-
ridHa cTajia MPOTHAIE CIOBLILHEHHIO Ha CTamll PO3II-
penng HeomHopinHocTu. Jlokanbha kpusuta (f/x2(R)),
HOTpPIOHA IJId KOJIAICY, B IBOMY BHIIAIKy HOBHHHA OyTH
OLIBINOI0 Bl HeAKOl KPUTHUIHOl BEJIUUNHE, AKa BH3HA-
YaeThCdA 3 YMOBHU iICHYBAHHSA MOMEHTY 3YIUHKU AIJIAHKH
36ypenHnd, ge 1 = (. HaliMeHI1I0T0 eKCTpeMaIbHOIO 3Ha-
uenng Besuumta 12 (i Bignosiguo r), sriaHo 3 (7), Habepe
B MOMEHT, KOJIU T = Textr = (Qm/(QQA))l/B. Y mpomy
BUIIAIKY

Fin = 72 (rexer) = 3(2n /2)*°Q2)* + Q.

Hns icHyBaHHA MOMEHTY 3YIUHKH HeOOXIAHO, IIob
-5 . S
ro. < 0 (MoMmeHT Gyme Jmile OpE yMoBl, Koun 7 = 0).
Ile o3nauae, 1o

Qf < —3(Qn/2)30)°.

|

|

|
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g
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0.100

T
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0.001 . |
0.001 0.010 0.100

1.000
O

Puc. 2. BanmexmicTh HaliMeHIIOl NIBUAKOCTH PO3NIMPEHHA
Bcecsirty (a), sixa mocAraeTbes B mpolieci floro eBouttomji, Ta
3POCTAIOYOTr0 MHOXKHUKA IJId TepepaxyHKy Ha TerepilrHii
MoMenT dacy (b) 3ajexHO Bif KOCMOJIOTIYHUX ITapaMeTpiB.

SIK yKe HOKasaHO BHILE, IMOYATKOBA BeJMYMHA 30y-
PEHHA BH3HAYAETLCA PISHUICIO KPUBHHH (POHY Ta JIO-
KaJIbHOI KPWBHHM IinAHKN 30ypenHsa (mms.(23)). dxa
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Mozeneit Bim'emuol kpuBnan (5 > 0) mouaTKoBe 3Ha-
YeHHA aMILIITYAH HEOAHOPIAHOCTH, 10 KOJIATICYBaTHME,
3aBKIM Ma€ OyTH OLABIIAM Bl MEBHOTO KPHUTHIHOTO
3HAYEHHA, OCKIJIBKE ILIAHKA KOJTANCY MYCUTh MaTH JI0-
narHy KpuBHHY. [Ipndomy unm Olabmimii 2y, TiM 617IbIIE
3HAYEHHA aMILIITYIN 30ypeHHd B MOMEHT 3yITUHKU HOTO
PO3IIMPEHHA, PO3PaXOBaHOI B Mekax JIHIKHOI Teopii
(muB. (24) Ta puc. 1b rta e). na mMopmeneit HyabOBOI
KPUBHUHY 3 BIAMIHHUM Bl HYJIA 3HATEHHIM KOCMOJIOT1Y-
HOl CTaJIol CKIHIYEeHHICTh JIOKAJIbHOI KPUBUHHI B I1AHIIL
30y peHHd, TOTPIOHOI A1 KOJIalcy, IPUBOANTL 10 CKIH-
YeHHUX 3HAYEHb 9K MOYATKOBOI, TaK 1 pO3paxoBaHOl Ha
MOMEHT @y, aMImiTynn 30ypenud. Cepen poHOBHX MO-
nenefi 3 momarHoio KpubuHOB (2 < 0) MOXKHA BHII-
JIUTH MOJIEJl 3 CYTTEBUM CIOBLIBHEHHAM DPO3NIMPEHHST,
IJIA AKAX HeoOX1AHA I KOJTANCY aMILIITyaa 30ypeHHd
MoiKe OyTH K 3aBrogHo Masioo (puc. 1b). Onnak micia
mepepaxyHKy 3a JIHIAHOIO Teopieio Ha TemepillHiil Mo-
MeHT Jacy (puc. la) mogaTkoBO MaJe 30ypeHHsA IyCTIHN
BUPOCTAE J0 BEJUKUX 3HaUeHb. Pid y TiMm, 110 B MUX MO-
JeJIAX € 3aTKHUH Tepioft, KOu MBUIKICTD PO3UTHPEHH A
boroBoi Momeni GimsbKa mo Hyad, ¢ ~ 0 (puc. 2a).
Ak 1 nna ginanku 36ypenHa, ana dbony, srigHo 3 (12),
HalMEHIIOTO 3HAaYeHHs IIBUIKICTH PO3MUPEHHSA TOCH-
rae, KOJU ¢ = Qextr = (Qm/(QQA))l/B. I anamnoriuno

a2 = @ (deir) = 3(Qn/2)2PQN° + Q.

Ha piamimy Big miagaku 30ypeHHd, HaiMeHITa HIBHI-
KICTH pO3IIUpeHHa (POHOBUX MoaeAelt, v AKX 2, < 2025
(Gextr < 1), moBuHHA OyTH GlabuIO0 Bim Hyad. Y mpo-
TUJAEKHOMY BHIAIKY MU chocTepirajm 6 3apas cralli-
onapuy abo KoJsancyiody Mmoneiab Beecsity. B moment
HaliMEeHIIIo] MBUIKOCTH PO3NIMPEHH, K HEBAXKKO MOKa-
3aTH, TPUCKOPEHHA AOPiBHIOE HyJIeBl. Bamabka 1o HyJsia
IIBUAKICTH PO3MIMPEHHA Ta 11 BIOHOCHA HE3MIHHICTH Yy
Jacl NPUBOAATH J0 MOABH 3aTAKHOTO MPOMIKKY B PO3-
BUTKY BeecBity, Ha gKOMY 3HaUeHHSA MacCIITabHOTO hak-
Topa Maiixke nocrifine. 3rizHo 3 (17), y neli mepiox 36y-
PEHHA POCTYTh 3a eKCIOHEHIIHHIM 3aKOHOM

§ ~ eOéAT

bl

ne a = \/4nGp, ae_xiiz, a AT — TPHBAJICTH CYTTEBOTO
CTIOBI/IbHEHHA posuminpenta GoHy (B OOMHUIAX CTAJIOI
Ta66aa). Yum 61K 9010 10 Hy I Oyne HafiMeHIa MBI
KIiCTh PO3NIMPEHHd (IWB pHC. 2a), THM JoBInM Oye Teit
mepion i GiabmEM TpupicT ammuiTyau (amB. puc. 2b).
XapakTepHuii ¥ac IMBOTO TMEpiofy MOXKHA OTPUMATH Ha
ocrosi (12)

AT~ C,leXtre,
Gmin
e € = Aa/a — pomycTuMma BiAHOCHA 3MiHA MacITab-
Horo gakTopa. Ilpu cKiHIeHHOMY MaJIOMy € Ta OJN3b-
Kifi 10 HYAd BEJIUUHH] Ay, 9ac eKCIHOHEHIIIHHOTO POCTyY
30ypeHb AT MoKe TpHIMAaTH 4K 3aBTOJTHO BEJIUK] 3Ha-
JeHHs. BIAToOBIAHO, IpUPICT aMILTITYan 30y peHHs 3a et
mepion TexX Besmmkuit. Takum dmHOM, POHOBI MOIETl 13
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CYTTEBUM CIOBLIBHEHHAM PO3IIUPEHHA I'PaBiTAIIHO He-
cTifiki. TakuM MoIeaM JJIs TOSCHEHHA BEJUKOMACII-
TabHOl CTPYKTYpH BeecBiTy, MOKJINBO, JOCTATHLO 6YJIO
6 Jauire TemaoBuX (BIIIOKTYAIlll TyCTHHN PEIOBHHH.

Y wmomengax 3 € > 0 Take CHOBLIBHEHHA € 3HAYHO
MEHIINM, 10 TPUBOAUTE 0 3BOPOTHOTO CIIBBITHONIEHH A
MK Oc(@col) 1 0c(atq): Oc(aceol)/dc(ara) 3MenTIYETBCA 31
SMEHIIEHHAM $2,,, 2 am 2. OcobnmBocTi Takol moBe-
JMIHKW KPUIOTHCA Y 3MEHIIeHHI MBUAKOCTH HAPOCTAHHA
30ypeHb Ha KIHIEBIH cTamil 1X KoJIalcy BHACIIOK 3611b-
IIEHHs BILJIHBY KOCMOJIOTIYHOI CTaJI01 Ta BLA €MHOI KpH-
sunn Beecsity (Puc. 3).
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Puc. 3. BamexHicTh aMIUIITYIM KOJAIICYIOYOTO B CyYacHy
ernoxy 30ypeHHsA §. Bio MacmrabHOTO pbakTOpa, IMepepexoBa-
HOI 3a JIHIAHOIO Teopi€ro Aid BUOIPpKKM Mozesel 3 HyJIbOBOIO
kpusmHOto (a), mis Momeneit 3 Q = —0.4 (b) ra Moneseit
3 Qx = 0.4 (¢). XpecTUKaM¥ O3HAYEHO MOMEHTH 3YIIHHOK
PO3UIMpeHHA OITAHKY 30ypPeHHd /1A BIAIOBIIHUX KOCMOJIO-
TIYHUX MOIeJIel.

BaaeRHICTh KPUTHIHOI aMILTITYIH dc = J¢(Zcol), Te-
pepaxoBaHOl Ha MOMEHT KOJIANCY, Ta€ 3MOTY OIHUTH
3MIHY BIIMBY KOCMOJIOTIYHHX MTapaMeTpiB Ha IWHa-
MIKY PO3BUTKY 30ypeHb VIPOIOBK eBOJIOIN BcecBiTy
(puc. 4a). ITiaKOM 3pO3yMisI0, MO BILTHB KOCMOIOTI9HOL
cTaJI01 31 301ABIIEHHAM Z 3MEHIITYEThCS, IO BJIACHE 1 CITO-
cTepiraeMo Ha rpadikax.
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Puc. 4. BanexHicTh mepepaxoBaHol Ha MOMEHT KOJIAIICY
3a JliHIHOI Teopieto HafiMermol ammtitynu 36ypenns &, (a)
Ta BIJHOCHOI JI0 KPUTHUYHOI T'yCTHHU 30ypeHHs, 10 CKOJIAIl-
cyBaso A. (b), Bln MOMeHTY KOJAICy Zcol IPH PI3HAX 3Ha-
YeHHAX MMapaMeTplB MaTepii Ta KOCMOJIOTIYHOI CTaJIol.

BanexHicTh de(aeol = 1,a = 1) Big Q1 Q4 MoxHA
306pasuTH HabJIMKEHOI pOPMY.I0TO0:

5. = A— Bln(Q, + C),

A = 1.687 4 0.021Q4,
B = 0.01568(2,)77 — 0.03061,
C = 0.00195 — 0.0113502, + 0.00382(24)2.

YucsioBl KoedilllleHTH 3HalioeHl MeTOAOM HaliKpalol
miAroHKH. TOYHICTD ampOKCHMAaIIil I PI3HIX TapaMeT-
PIB MOJeJIl TIOKa3aHOo Ha puC. ba.

Cutig BigsHadnTH, 0 pospaxoBaHa, 3riaHo 3 (10), am-
WITyHa 30ypeHHss § B MOMEHT KOJallcy Oe3MeXKHO Be-
auka. Hacmpasal Ha KIHIIEBOMY eTalll KOJIalcy XMapH,
BHACJIIOK OJIIKHBOI B3a€MO/I1 YaCTHHOK Ta 3a PaXyHOK
CKIHYEHHOTO MPHUIILHOTO TapaMeTpa, BLIOYBAEThCA Te-
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0. KYJIIHTY, B. HOBOCSI NI

PEPOBIOMII €HEPTil 3 MOAAIBIIIM YCTAHOBIEHHAM PIBHO-
Barn. Ha myxe manmx Macmirabax MOTEHIIAIbLHIRE CHITL
MPOTH/IIE DANIBKOIIA, 0 BU3HAYAETHCA TPUPOIOIO Tac-
THHOK xXMapu. Ha Beiaumkux macuitabax BH3HAYATBHY
poJsib vy dopMyBaHHI CTAIllOHAPHHX CTPYKTYP BLOITPaE
baJIaHc 1HepIiiitHOl Ta I'paBlTAIlliHOl CHJI. 3T1IHO 3 Teope-
MOTO BIPIAY, IJId CHCTEMH YaCTHHOK ¥ MOMEHT yCTAaHOB-
JIEHHsI DIBHOBArW KiHETHYHA €Heprisg Ha OIWHUI0 MacCH
nopisHioe [19]

T = %ZZ:UZZ = %Zi:riv“U'

Y mamomy Bunaaky: U = Ux + U I—%Tz—g,TOMy
A 1F 1
T=—"plgp_-—= —2,.
6" Ty T VAT gl

0.4

-

0.2

0.0

-0.2

Error,%

-0.4

-0.6

-0.8

e I B I P

—
RN R LR E A LARAY ARV A D ARRA SRR EAARRRRARS

o
—
—
o

Puc. 5. BasexHicTh BIOHOCHOI IIOXHOKM aHAJIITAYIHOL all-
pokcuMarti Besnuns d. (a) Ta A (b) Bim napamerpis kocmo-
JIOTIYHOI MomOeJIl.

MuTh, KOJIU HACTAE I PIBHICTD, HA3UBATUMEMO MOMEH-
TOM BIpid/izalii 1 mo3HavaTUMeMO 1HIeKcoM “vir”. Bm-
KOPHCTAEMO 3aKOH 30epekeHHsd, 3amucannii y dopmi:

T+ UA + Up = UA,ta + Up,ta~
Y MOMEHT BIpidJIi3alil OCTAHHA PIBHICTH MaTHMe BH-
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ran [19]

1
2UA,vir + §Up,vir = UA,ta + Up,taa

abo

4QAx31r + QQfxvir +Q, = 0,

e Tvir = rvir/X(R)~

TyT AOMUIBHO BBECTH BEJWYHUHY, MO XapaKTepPU3y-
Basa 6 BLAHOCHY O KPUTHUYIHOl T'YCTHHY B 30YpeHH] 3
ypaxyBaHHAM TIpoliecy Bipisuiisamil. g Beamamma mo-
3HAYAETHCA TaK:

vir Qml‘vi’r2
Ae =D (0e) =
Pe o H (aCOl)

vir

HeBaxko mokasaTu, Imo Aj1d KaHOHITHOI Momedal A. =
1872 ~ 178.

BastekHICTh A, Bl KOCMOJIOTTYHIX MTAPAMETPIB MOKa-
sara Ha puc. 6a Ta puc. 6b. Ockinbky Ha MacmTabax
cTalioHAPHUX CKYMYeHb TaJaKTHK TYCTHHA eHeprii, Imo
MOB’s3aHa 3 KOCMOJIOTIYHOIO CTaJIo0, Habarato MeHIIa
Bl eHepTll PEeYOBHHE, TO Ha KIHIIEBE 3HAYEHHA pajiyca
Tyir BOHA CYTTEBO HE BIUIMBAE. Y MBOMY BHIIAIKY MOXKHA
3 BEJMKOIO TOYHICTIO BBAXKATU, IO Tyiy =~ Tiq/2. Ta-
KUM YHHOM, KIHIEBa aMILIITYIa 3BIPIAII30BAHOTO 36y-
pPEHHA BHU3HAYATUMETHCA MACIITabOM 3YMUHKH PO3IIU-
PEHHA Tiq = Ttq/X(R). 31 3pocTaHHAM BiAHOCHOI Tyc-
THUHI PEIOBHHH £, aMILIITyda 30y PEeHHd IOH0 Hel pocTe
Maiizke mpomopiiiiao. Ilpote miaa momesneit 3 maaumn
3HAYEHHAMHA 2y, 04 JIHIAHICTH, YHACTIOOK 3pOCTAHHA
POJIi KOCMOJIOTIUHOI cTasol, mopyuyeThea (auB. puc. 6a
Ta puc. 6b).

Ilopeminky KiHIEeBOl aMILTITyAn 30ypeHHA A, MOKHA
MOACHATH Ha OCHOBI aHAJI3y BIJIUBY KOXKHOTO 3 mapa-
MeTpiB Ha fforo muaamiky. OCKIIBKEA KOMIIOHETA DPEUO-
BUHN {),;; CHOBLIBHIOE TIPOIEC POSITUPEHHSA, TO 3 11 36171b-
HIEHHHAM BEJIMUNHA Tpq CHAATHME (OTUH i3 KOMIIOHEH-
TiB ) um € Mu BBakaeMo dbikcoBaHWM). Bigmosigno
spoctatume it Besuuanna Ac(aeo) = 1) = Qp, /23, Ana-
JIOTIYHO, OCKLJIBKM KOMIIOHEHTa {25 MPHUCKOPIOE PO3IIN-
peHHd, TO I, 3pocTarume. lle mpuBomguTUME 0 TATIHEA
amnTyan A, npu dpikcoBaromy £, abo 2. fAK yxe mo-
Ka3aHo BUIIE, BIIHOCHA aMILIITY1a 30y peHHA JIHIAHO 3a-
JIEZKWTh Bif, pisHUTI KpuBuH () — 2. [lapameTp JoKaIDb-
HOl KpUBWHNE 2 1714 (BPIKCOBAHOTO MOMEHTY KOJIAICy 3a-
JIeJKaTuMe Bl mapameTpiB (poroBol Mmogesi. OnHak, yHa-
CTTIOK TIOBLTBHOI 3MIHE BemanHn §2; B (2, Tpn dikco-
BaHOMYy £, abo {2, sMiHa BesmanHM £ — {17 BUsHAUA-
TUMETbCS 3MIHOIO MapaMeTpa KpuBuHE dory . Tomy
31 3pocTanHaM ) 3poctaruMe i ammmityga A.. Yka-
3aHl 3aKOHOMIPHOCT] 3aJIeKHOCTH A, BII KOCMOJIOTIY-
HUX MapaMeTpPiB MPOLTIOCTPOBAHO Ha rpadikax puc. 6a
Ta puc. 6b.
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Puc. 6. BagexHicTh BIIHOCHOI 10 KPUTUYHOI I'yCTHHU CKO-
JIAIICOBAHOTO 30ypeHHs BiI yMICTY Marepil IIpH pisHEUX DIK-
COBAHNX 3HAYEHHAX KOCMOJIOLiYHOI crasol (a) Ta KpUBHHE

(b).

Ak yxe 3asHagasgocd, BImB 2, Ta {0 Ha IHHAMIKY
posmmpentus BeecBiTy B panHio emoxy 3aMennryetbed. Le
MPUBOIUTE IO 3MEHIIEeHHs PI3HUII BeJUIUHE A, BU3HA-
9YeHOl y MBOX HOBLMBHUX Momenax (ams. puc. 4b). Tlpu
nepexonl a0 OLIbII paHHIX MOMEHTIB 4acy BEJIUYUHHU O
Ta A, TIpAMYyBaTEMYTh O CBOIX KaHOHITHUX 3HadeHBb
3/5(371'/2)2/3 ~ 1.686 i 187? ~ 178 BignosizHo (aus.
puc. 4a,b).

AHaTITHYIHA aTPOKCUMAIIis 3TalyBaHOl BEIHIHHI Mae
TaKWi BUTJIAL:

A.=A— BIn(Q, +O),

c

2F(R,7-):2/600P(6,R,7-)d6:2/600m

e

A=110.89 — 12.91Q4 +7.92(Q)% — 0.03/Qn,
B = —113.28 + 6.84Q, + 7.13(Q4)2,

C'=0.787 — 0.115Q, — 0.093(Q4)2.

YucsoBl KoedilIlleHTH 3HaliZeHl MeTomoM HaliKpailrol
mAroHKH. ToYHICTD ampoKcuMariil A4 PI3HIX MojaesIei
MOKa3aHO Ha puc. Hb.

V. ®YHKIISI MAC BATATUX CKVYIIYEHD
TAJIAKTHUK

YBaxkaeTbcd, Mo HaraTi CKyIYeHHd TaJJaKTHK YTBO-
pPHJIHCA ¥ BHCOKHMX IMIKaX TYCTWHEU PEYOBUHU (IWB., Ha-
npuksaan, [29]), Aki, 4k BimoMo, € MailiKe cdepmaHO-
cumerpuunumu [30,31]. Came ToMy [714 OIHUCY UK YTBO-
PeHb MOXKHA OOMERHUTUCH MOIEJI CHEPUIHOTO KO-
smarncy. OTHIEIO 3 BaXKJINBUX XapaKTEPUCTHK BEJTHKOMAC-
nrrabuol cTpykTypu BeecBity Ha macmTabax ~ 10 Mok
€ QYHKIA Mac, 0 BH3HaYae KIIBKICThH I'paBlTalllifHo
3B’ g3aHUX YTBOPEHb, AK1 MalOTh MacH, OLIbIII BI 3a1a-
HOI. ¥ BUNAIKY CPEPUIHO-CHMETPUIHOTO KOJIATICY HJId
00paxyHKY I[bOTO PO3IOIIAY 3PYYHO BHKOPHCTOBYBATH
dopmaiism Ilpeca—Illextepa. BaxkaeTrhbed, 1o aMILii-
Tyda movdaTKoBuX 36ypenb (§ & 1) posmomiseHa srigHo
3 HOPMAJIBHUM 3aKOHOM

1 s
P (5’ R’ - - 202(1%,7—)’
( ) V2ro(R, 7')6
e
1
2 _ 2\ _ 3 2 2
R) = (%) = oy [ PEGFIWERE,

IpudoMmy nosda 36ypeHb, WO 3a3HAIU KOJalcy, piBHA
(3 ypaxyBaHHAM TOTO, IO BCl 30ypeHHA MAOTh TOJATHI
AMILTITYIH)

dé a2

e 20(R,7)2

c

KinbkicTh cKostamcoBaHnx o6’ €KTIB B OAWHAII 06 €My, M0 MaloTh Mach y TpoMiKKY Big M mo M +dM , B mpunyuienHi

magsioro dM , 3a Ipecom—Iexrepom, € [20,21]

p OF dR

2p 6 do(RT) - % _
M, r)dM = —2 L 22 S8 gy = — [2 2 ) dM. 2
n(M,7) ﬁMUZ(R,T) ‘ 29)

M OR dM

dM
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KinbkicTh cKonamcoBaHnx 06 €KTiB, MacH AKUX € OLIbIII
3a 3amany M, ZopiBHIOE

oQ

N(> M):/ n(M')dM’.

M

BaJtekHICTH PYHKITNI Mac Bl KOCMOJOTIYHUX TapaMeT-
PIB TPOLTIOCTPOBAHO Ha PHUC. 7a Ta puc. 7b. g auce-
JIBHOTO PO3PaxyHKY BUKOPUCTAHO CIIEKTD MOTYKHOCTH 3
poboru [22], HopMosanuii 3riguo 3 [23]. Kpyxkkamu 306-
paxkeHo eKcIepIMeHTa IbH JaHl, BEpTUKAJILHAMHI JIiHI-

N(> M,6.(Qm, Q) — N(> M, 5, = 1.686)

amu — 1noxubku BuMipoBanb [21,28]. HoBroio mrpuxo-
BOIO JIIHIEIO TOOIIM3Y KOKHOTO Tpadika TO3HATEHO aHa-
JoTiaHy (QYHKINIO Mac 3 TIEO BIAMIHHICTIO, MO, 3aMICTh
byHKIIOHANBHOI 3aNEeKHOCTH d¢ = ¢ (i, 24 ), mo14a X
PO3paxyHKy BWKOPHCTOBYBAJOCH KAHOHIUHE 3HAYCHHA
d. = 1.686. Sk Gauumo 3 puc. 7a—c, y JorapudMigTHIX
MaciiTabax pISHUIA MaJia 1 3aJHIIaeThcsd MEHIIO Bl
eKCIepUMeHTaIbHNX Moxubok. Ilpm mepexom mo iHIA-
HIUX MaciiTablB BOHU BUABIAIOTHCH O1biiumu. Ha puc. 8
mogaHo rpadlKi BIAHOCHHX MOXMOOK (BYHKITI Mac s
PI3HIX KOCMOJIOTITHUX Moaesel 3 (h1KCOBAHNME 3HATEH-
Hamu 24 (a) i Mozmeseli 3 HyIbOBOIO KpuBHHOIO (b).

Error =

N(> M, 6C(Qm, QA))

K BHOHO, BIZHOCHA PI3HUI 3HAUEHb KOHIEHTpaIl 6a-
raTuxX CKym4ieHb rajJakThK, PO3paxoBaHuX y Mexkax (op-
madismy Ilpeca—IllexTepa 3 peajbHUM 1 KaHOHITHIM
3HAYEHHAMM O, 3HAUHA, AKIIO B3ATH A0 YBATH, 10 OLIb-
HIICTH CHOCTepeKyBaHNX TaHnX € B Mexkax 10+-20%. dna
HalibmK g0l Moesl Hy 1boBOl KpuBuHT 3 {2, = 0.36 Ta
Qp = 0.64 (mmB. puc. 7b) BigHOCHA HOXMOKA B MEKAax
MPOMOHOBAHUX MAaC CKYMYeHb 3MIHIOEThCA BiJ IT'ATH 10
IBangTH BimcoTkiB. Llga momesb Hafikpaiia TakoX 3a
pesyJsibTataMu iHmuX Tectip [24,25]. g nedkux iHmmx
MomeJseil ma moxmbka Moxe OyTH He MEHIIOIO Bl KiJb-
KOX JIecATKIB mporieHTiB (puc. 8). Bukopucrasum (25),
MOXKHA TIOKA3aTH, IO

& 32 | | A6,

n o2|| 6. |’

e Ad. — pI3HUNA MizK MOIEJIBHO 3a/I€XKHOI0 BEJIUIUHOO
dc Ta ii KanoHiuHUM 3HadeHHAM 1.686. g o(M') < 0.8
i |Ade/d¢| ~ 0.06 Bemamaa An/n (i Bigmosigao Error)
npuiiMarnmve 3HadeHHd > 20%. [le 6esyMoBHO CBIAYNTH
PO TOKOHEYHY TTOTpeby BpaxyBaTH 3aJIeKHICTh KPUTUY-
HOl aMILTITYIX Bl KOCMOJIOTITHHUX TapaMeTPIB, AKIIO MI
xo4geMo BTpuMaTh oxnbku B Mexkax 10%. Croctepexy-
BaHl JaHl 3 PYHKINI Mac 6araTux CKyMYeHb raJakTHK He
cylepedarh MOKJIMBII peaJsizaliil Momesl 3 BLIMIHHOIO
Bl HyJIg KpuBuHOW. lyig mpuKIamy, Ha puc. 8 TpoiIoc-
TPOBAHO HAUBIIBII Y3TOMKEHY 3 eKCIepUMEHTATBHIMI
maHuMu PYHKINIO Mac IIsd MOIedl 3 BlI €MHOIO KPUBH-
moto 2 = 0.1. Tyt Takoxk HaBemeHO TeopeTHdHI DYHKIIII
Mac 14 eninTuasoro kogancy Yera—Topmena (ST) [26]
i Jli-MTargapina (LS) [27]. fdx 6aqumo, Teopia cdepud-
HOTO KOJIATICY JIIIIIE Y3TOKEHa 3 eKCIIePUMEHTATBHIMI
JaHWMK, OCKLTBKY HaraTi CKYyIYeHHd TaJJakKTHK yTBOPH-
JUCA B MaKCHMyMaX TIKIB TYCTHHE, AKI MaloTh IIepe-
BaxkHO cepuuno-cumerpuuny dbopmy [30,31].
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Puc. 7. Oynkia mac 6aratnx CKym4eHb TaJIaKTHK, ITOpa-
xXoBaHa, 3rigHo 3 popmasizmom [Ipeca—Illexrepa, mjas mome-
Jiefi 3 Hy IbOBOXO KpUBUHOO (a), pikcoBanuMH 3HaveHAME 24
(b), Ta maitbinbm npunaraa Momens 3 0 = 0.1 (¢), nopaxo-
BaHa 3a Momesamu [Ipeca—Illexrepa (PS) [1], Hera—Topmena

(ST) [27] i Jli-Ilannapina (LS) [28]. h = 0.65.
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Puc. 8. BigsocHa pisHHIg 3HaYeHb KOHIIEHTpalli HaraTux
CKyIYeHb TaJIaKTHK, PO3PaxOBaHUX y MekKax (popMasizMy
IIpeca—IllexTepa, mo BHHMKae MIXK ii po3spaxyHKaMH 3 pe-
aJbHUM 1 KaHOHIYHIM 3HaYeHHAMH 0. IpH (PIKCOBAHMX 3Ha-
ugennaAx 15 (a) Ta nus Monesel Hyabosoi kpusunu (b).

VI. BUCHOBKHA

Mu mpoaHa II3yBaJIl €BOJIIONII0 ChEPUIHO-CHMETPHY-
HOl THJIOTMOMIOHOI XMap! BiJ paHHLOl JIHIAHOI cTamll,
KOJIM BIJIHOCHa pi3HUIA I'ycTuH (GoHy 1 xmapu & < 1,
JI0 MI3HBO1 HEJIIHIHHOL, KO HacTymae KoJale, § — 0o,
Yy KOCMOJIOTIYHHUX MOJEJNAX 3 JOBLIBHOK KPHBHUHOIO 3-
MpPOCTOPY Ta AOJATHUM 3HAYEHHAM KOCMOJOTITHOI CTa-
JI0l. 3pyYHEMHE TapaMeTpaMu JJjisd TMOPIBHAHHA TaKOl
JWHAMIKE B DPISHOX KOCMOJIOTIYHHX MOMEJAX € MOpO-
rOBe 3HAYEHHA MTOYATKOBOl aMILIITYIn 30ypeHHd Tyc-
TWHU XMAapH, JTOoBefIeHe 0 CYyJacHOTO MOMEHTY 3TiIHO 3
3aKOHOM POCTY JIHIHIX (MaIux) 30ypeHb y KOXKHIH Mo-
genl, — d., Ta KIHIEBOI Iic/id BCTAHOBJICHHA JUHAMIYHOL
piBHOBaru, — A., 9Kl BUKOPUCTOBYIOTh ¥ PO3paxyHKax
bYHKINI Mac Ta pEeHTTeHIBCbKOl TeMIepaTypu OaraTmx
CKYITUeHb TaJakTHK BlIMOBLIHO.

3 aHAMITHYHUX Ta 9ACJIOBUX PE3YIBTATIB, MOJTAHUX HA

rpadikax, BUILIXBAE, IO B MOAEJIAX 3 BLO €MHOIO U1 HY-
JIbOBOIO KpuBHHOW (k < 0) Ta T0ZATHO0 KOCMOIOTIIHOIO
cranoo (A > 0), HesBaKaIN Ha HeOGXITHICTE BLIBIIO]
AMILTITYIH TOYATKOBOTO 30y peHH, BUKJIUKAHY MEHIIOO
WIBUOKICTIO pOCTy, d. MEHIIa Big 1i KaHOHIYHOIO 3Ha-
genna 1.686 (k = A = 0) BHacJsigOK #ioro TpuBaJiNoro
gacy pocty. [Ipugomy BoHa magae 3 pocToMm {1 Ta 3MeH-
nreHHaM £y, . OCHOBHUM (DI3SHYHUM IUHHUKOM, AKUHA MO-
SCHIOE TaKe 3MEHIIEHHA ., € CIOBLIbHEHHS IBUIKOCTH
pocTy 30ypeHb ¥ MOOEIAX 3 OLIBIIMMI 3HATCHHAME {2
Ta Q.

Y Mopendx 3 J0JATHOI KPUBUHOK 3-TTPOCTOPY d¢
MOXKe Oy TH FK MEHIITUM BlJ] KAHOHIYHOTO 3SHAYEHHH, TaK 1
outbimM. [lpudgoMy, Kotn €2, TpAMye 00 JeAKOTO KpH-
THYHO MAJIOTO 3HAYeHHs, KPUTHIHA aMILIITYIa TpAMY-
BaTuMe J10 HecKiHdennocTu. lle BimbyBaeThca TOMY, IO
I TaKWX Mofeseil € mepiofi MOBLIBHOTO PO3UTHPEHH T
dony, 6ansbkuii g0 Woro symuuakn. Toml 30ypeHHA Ha-
pocTaoTh AyXKe IMBHIKO, TPAMYIOUH 0 EKCIOHEHII -
HOTO 3aKOHY B MOJEIAX 13 3yMHHKOL. Takl Momesl rpa-
BITAIIfHO HeCTIKI B TOMY CeHcCl, IO HaBITh HE3HATHI
aMILTITYIR 30ypeHb IPUBOAATE 10 1X KOJAICY.

HisAnasoH 3MIHH BeJIMYMHEA 0. B OIJIAHIL IapaMeTpiB
—04 < Qp <04,0< Q) <171a01<Q, <1 ne
Bemmkwii: 1.55 < 4. < 1.75. OgHak pisHUI 3HAYEHD
KOHIIeHTpaIlli 6araTux CKym4eHb TAJaKTHK, PO3PaXoBa-
Hux y Mexax dgopmastiamy [Ipeca—Illexrepa 3 peasbaum
1 KAHOHIYHUM 3HAYCHHAME J., s TedKUX Moaeseit ca-
ra€ KUIbKOX HecATKIB BIICOTKIB. Ila pisHuma pocte 31
361/IBIIEHHAM MAaCH CKYITY€Hb.

Iignazon 3HaYeHb BeJUIWHW A, 3HAYHO HTHPIITHI:
60 < A, < 180 (mna Toro }® HiANA30HY 3HAYEHB KOC-
MoJorigHnX mapamerpis g, Qa1 Q). e nmpuBognTh
10 BIAXHUJIEHB TPH PO3PaXyHKY PEHTIEHIBCHKOI TeMIie-
parypnm rasy Ha ~ 40% BlA BeWYWHEM, OTPUMAHOl B Ka-
HoHIYHIE Momesm 3 A, = 178.

ExcnepumMenTaabHi HeBH3Ha4UeHOCTI PYHKINI Mac 1
PEHTTeHIBChKOI TeMIepaTypu baraTux CKyMYeHb Taslak-
TUK B okoJuigx Mosounoro [lingaxy samuiaorhed e
3HAYHO OLIBIIAME BIJ TaKUX BLIXWJIEHL OJId MoIeseil 3
Qp ~ 04, Q ~ 061 Q ~ 0 (mu. [21] 1 HOKINKH
tam). [IpoTe 3 HAKONWYEHHAM JTaHUX CyJIacHUMU TIHOO-
KuMu orignamu Heba (takumu, ak SDSS, 2dF GRS i
iHIIMH) 1 BIATOBIIHO POCTOM TOYHOCTH CIIOCTEPEKYBaA-
HUX OaHUX OTPUMaH] 3a/le2KHOCTI §. 1 A, BiI 2, 1 Q4
Tpeba OyIe BpaXOBYBATH, MOPIBHIOIOYH TEOPETHTHI ITe-
penbadeHHsd 31 CIOCTEPEKYBAHUME BEJTHIUHAME B 3a/1a-
Jax TOIIYKY aleKBaTHUX Mozeneii Beecnity.

ABTOpH BUCJIOBJIIOIOTH IIUPY MOOAKY KaHI. ¢di3.-MaT.
mayk C. AnyneBuuesi 1 Kanmg. ¢iz.-mar. Hayk FO. Hop-
HIEBI 3a KOPHCHI OOBTOBOpEHHS pe3y IbTaTiB pobOTH.
b. HoBocamnmit Baagumii cuiBpobiTHUKaM ACTPOHOMIY-
HOl obcepBaropii Arenonchkoro yuiBepcuTery (M. Kpa-
KiB) 3a rocTHHHICTH Ta mpod. M. OctpoBchkomy i A.
Bommmmi 3a KopucHI IHCKYCIl.
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SPHERICAL COLLAPSE AND MASS FUNCTION OF RICH CLUSTERS IN MODELS
WITH CURVATURE AND COSMOLOGICAL CONSTANT

Yu. Kulinich, B. Novosyadly]
Astronomical Observatory of Ivan Franko National University of Lviv
8, Kyrylo i Mephodii Str., Lviv, 79005, Ukraine

We have analyzed the dependences of the threshold value of amplitude of linear density fluctuation collapsed

at the current epoch, 6., and its overdensity after virialization, A., on matter density content, 3D curvature

parameter and cosmological constant. It was shown that in models with negative or zero curvature (k < 0) and

positive cosmological constant (A > 0) despite smaller rate of perturbation growth, é. appears to be smaller than

its canonical value 1.686 (k = A = 0) due to the longer duration of amplitude increase. However, in models with

positive 3D curvature, §. can be larger when the matter density parameter is small. In this case critical amplitude

6. approaches infinity when €,, converges to its small critical value. Though the range for the threshold values

of perturbation amplitude is quite narrow, 1.55 < d. < 1.75 in the region of parameters —0.4 < Qi < 0.4,

0<Qx<1,01<Q,, <1, the difference in the concentrations of rich clusters of galaxies (as calculated within

the Press—Schechter formalism framework) with real and canonical values of §. reaches, and for some models

exceeds, 30%. The range of changes for the overdensity after virialization, A, is considerably wider for the same

region of parameters: 60 < A, < 180. It results in the difference of up to ~ 40% between the X-ray temperatures

of gas, as calculated for these values and for the canonical value of A, = 178. Also we have found analytical

approximations of the dependences 6.(2,, 2a) and A.(2, Qa) with their accuracies for the above-mentioned

region of parameters being no worse than 0.2% and 1.7%, respectively.
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