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Îäíîðîäíîå èçîòðîïíîå ïðîñòðàíñòâî

Ìåòðèêà:

ds2 = c2dt2 � a2(t)
dx2 + dy2 + dz2

�
1 + kr 2

4

� 2 ; k = � 1; 0

(Ôðèäìàíà-Ðîáåðòñîíà-Óîêåðà)

Âèä ðàñøèðåíèÿ:

l = ar; _l = _ar; _l =
_a
a

l; H �
_a
a

H � ïîñòîÿííàÿ Õàááëà



Îäíîðîäíîå èçîòðîïíîå ïðîñòðàíñòâî

Âèä ðàñøèðåíèÿ:

�ra �va

�r

�v

�r 0

�v0

�v = H �r

�r 0 = �r � �ra; �v0 = �v � �va; �va = H �ra; H (�r � �ra) = H �r 0

�v0 = H �r 0

� òîëüêî ïðè òàêîì äâèæåíèè ñîõðàíÿåòñÿ îäíîðîäíîñòü è èçîò ðîïèÿ



Êîñìîëîãè÷åñêàÿ ïîñòîÿííàÿ
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Ïîäîáíûì îáðàçîì: p� = w" � , ãäå w � ïàðàìåòð óðàâíåíèÿ ñîñòîÿíèÿ

òåìíîé ýíåðãèè



Óðàâíåíèÿ Ôðèäìàíà

8
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>>:

_a2 + kc2

a2 =
8�G
3c2 (" + " � )

•a
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4�G
c2
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3
+ p + p�
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À. À. Ôðèäìàí, 1922 ã.

Åñëè" � = 0 , òî p > 0, •a < 0 � íåò ñòàòè÷åñêîãî ðåøåíèÿ

Ïðè " � = ( " + 3p)=2 � •a = 0 , _a = 0 , a = const

� äëÿ ýòîãî � è áûëà ââåäåíà èçíà÷àëüíî Ýéíøòåéíîì



Ðàñøèðåíèå Âñåëåííîé

Ïóñòü " � = 0 , p = 0 è " = �c 2, òîãäà:
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M
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Â ïðîøëîì � ñèíãóëÿðíîñòü.



Êðèòè÷åñêàÿ ïëîòíîñòü

Â áóäóùåì:

v2
c = 2G

M
a

Ñ äðóãîé ñòîðîíû v = H0a. Ïóñòü v = vc, � = � c:
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 m > 1; k > 0; � ðàñøèðåíèå ñìåíÿåòñÿ ñæàòèåì


 m < 1; k < 0; � íåîãðàíè÷åííîå ðàñøèðåíèå


 m = 1 ; k = 0 ; � íåîãðàíè÷åííîå ðàñøèðåíèå



Óðàâíåíèÿ Ôðèäìàíà
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Óðàâíåíèÿ Ôðèäìàíà
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êîñìîëîãè÷åñêèå ïàðàìåòðû, êàê îíè èçìåðÿþòñÿ?



Ðåëèêòîâîå èçëó÷åíèå

ÐÅËÈÊÒ-1: COBE:

WMAP:



Àíèçîòðîïèÿ ðåëèêòîâîãî èçëó÷åíèÿ

Àêóñòè÷åñêèå (¾ñàõàðîâñêèå¿) îñöèëëÿöèè:

Hu, Dodelson, ARA&A, 2002



Àíèçîòðîïèÿ ðåëèêòîâîãî èçëó÷åíèÿ

Êîíåö 2001 ã.:

Hu, Dodelson, ARA&A, 2002



Àíèçîòðîïèÿ ðåëèêòîâîãî èçëó÷åíèÿ

3 ãîäà íàáëþäåíèé WMAP, Spergel et al., 2006



Àíèçîòðîïèÿ ðåëèêòîâîãî èçëó÷åíèÿ

WMAP, SPT, Keisler et al., 2011



Àíèçîòðîïèÿ ðåëèêòîâîãî èçëó÷åíèÿ

Lewis & Bridle, 2002



Áàðèîííûå àêóñòè÷åñêèå îñöèëëÿöèè



Áàðèîííûå àêóñòè÷åñêèå îñöèëëÿöèè

Eisenstein et al., 2005



Ñâåðõíîâûå Ia

•a > 0 � óñêîðåíèå: íàïðèìåð, Ðèåññ, è äð., 1998:



Ñâåðõíîâûå Ia

Ñîâðåìåííûå äàííûå:

UNION2, Amanullah et al., 2010

Áîëüøèå ñèñòåìàòè÷åñêèå íåîïðåäåëåííîñòè.



Ïîñòîÿííàÿ Õàááëà

Ñâåðõíîâûå òèïà I íà z < 0:1. Àáñîëþòíûå âåëè÷èíû ñâåðõíîâûõ îòêàëèáðîâàíû
ïðè ïîìîùè íàáëþäåíèé öåôåèä â áëèçêèõ ãàëàêòèêàõ.

H0 = 73:8 � 2:4 êì ñ � 1 Ìïê � 1, Riess et al., 2009, 2011



Êðóïíîìàñøòàáíàÿ ñòóêòóðà Âñåëåííîé

Ìîäåëèðîâàíèÿ òûñÿ÷åëåòèÿ (Millenium simulations)
z = 18:3, 5:7, 1:4, 0 (t = 0 :21, 1, 4:7, 13:6 Ãëåò)



Ðîñò ìàëûõ âîçìóùåíèé ïëîòíîñòè

Â ðàñøèðÿþùåéñÿ Âñåëåííîé ñ 
 K = 0 , â ñîïóòñòâóþùèõ (Ëàãðàíæåâûõ)

êîîðäèíàòàõ:

•� + 2H _� +
�

k2

a2 c2
s � 4�G� 0

�
� = 0 ;

ãäå � = ( � � � 0)=� 0 � êîíòðàñò ïëîòíîñòè, H = _a=a � ïàðàìåòð Õàááëà.

Ïðè H = 0 , a = 1 � ðåøåíèå Äæèíñà (1902 ã). Íà ìàñøòàáàõ áîëüøå

� J = cs

r
�

G� 0

� ãðàâèòàöèîííàÿ íåóñòîé÷èâîñòü, ýêñïîíåíöèàëüíûé ðîñò.

Âî âðåìÿ ðåêîìáèíàöèè äëÿ áàðèîíîâ � J � 106M � , äëÿ òåìíîé ìàòåðèè

� î÷åíü ìàëà ( T / a� 2, cs / a� 2).



Ðîñò ìàëûõ âîçìóùåíèé ïëîòíîñòè

Ïðè p = 0 , cs = 0 , èìååì:

•� + 2H _� � 4�G� 0� = 0 ;

Òàêèì îáðàçîì:

� Âîçìóùåíèÿ ðàñòóò îäèíàêîâî, íåçàâèñèìî îò äëèíû âîëíû.

� Ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå âîçìóùåíèé îñòàåòñÿ ïîñò îÿííûì

â ñîïóòñòâóþùèõ êîîðäèíàòàõ. Ðàñòåò òîëüêî àìïëèòóäà âîçì óùåíèé.

� Ðîñò áîëåå ìåäëåííûé ïî ñðàâíåíèþ ñ ýêñïîíåíöèàëüíûì.



Ðîñò ìàëûõ âîçìóùåíèé ïëîòíîñòè

Íàïðèìåð, äëÿ ñëó÷àÿ ñ 
 m = 1 , èìååì:

H =
2
3t

; � 0 =
1

6�Gt 2 ;

•� +
4
3t

_� �
2

3t2 � = 0 ;

îòêóäà:

� / t2=3; � / a



Ðîñò ìàëûõ âîçìóùåíèé ïëîòíîñòè

Ôàêòîð ðîñòà:

G =
� (t)
� 0

; G(z) =
1

1 + z

ãäå � 0 � ëèíåéíûé êîíòðàñò ïëîòíîñòè â íàñòîÿùåå âðåìÿ.



Êðóïíîìàñøòàáíàÿ ñòóêòóðà Âñåëåííîé

� ìàëûå âîçìóùåíèÿ ïëîòíîñòè òåìíîé ìàòåðèè íàáëþäàòü òðóä íî



Ñïåêòð ìîùíîñòè áîëüøèõ êðàñíûõ ãàëàêòèê

Reid et al., 2009



Íåëèíåéíûé ñôåðè÷åñêèé êîëëàïñ

�R

Åñëè� > � 0
c, 
 0

m > 1, ðàñøèðåíèå ñìåíèòñÿ

ñæàòèåì.

� =

íåëèíåéíàÿ ñôåðà ëèíåéíûé ðîñò

îñòàíîâêà 5:5 1:07

êîëëàïñ 180 1:69



Êîëè÷åñòâî ãðàâèòàöèîííî-ñâÿçàííûõ îáúåêòîâ

� R (x) �
Z

d3x0� (x0)WR (x � x0)



Êîëè÷åñòâî ãðàâèòàöèîííî-ñâÿçàííûõ îáúåêòîâ

� 2
R � h � 2

R (x)i ; � M = � R (R(M ))

M = 1 :16� 1015
 m h� 1M �

�
R

10h� 1 Ìïê

�



Êîëè÷åñòâî ãðàâèòàöèîííî-ñâÿçàííûõ îáúåêòîâ

Äîëÿ ãðàâèòàöèîííî ñâÿçàííûõ îáúåêòîâ:

f coll (M; z ) =
2

p
2�� (M; z )

Z 1

� c

d� e � � 2=2� 2 (M;z )

ãäå � c = 1 :69. Òîãäà ÷èñëî îáúåêòîâ:

dn(M; z ) = �
� m

M
df coll (M; z )

dM
dM

ôóíêöèÿ ìàññ:

dn(M; z )
dM

=

r
2
�

� c

� M

� m

M 2 e� � 2
c =2� 2

M
d ln � M

d ln M

Press & Schechter, 1974



Êîëè÷åñòâî ãðàâèòàöèîííî-ñâÿçàííûõ îáúåêòîâ

F (r; R ) =
Z

d3r 0W (r � r 0)F (r; 0); F (kR) = ~W (kR)F (k; 0)

� 2(R) =
Z

d3k
(2� )3

hjF (k; R)j2 i

Bond et al., 1991



Êîëè÷åñòâî ãðàâèòàöèîííî-ñâÿçàííûõ îáúåêòîâ

Äîñòèæåíèå ïîðîãà ïðè ñëó÷àéíûõ áëóæäàíèÿõ

Bond et al., 1991



Êîëè÷åñòâî ãðàâèòàöèîííî-ñâÿçàííûõ îáúåêòîâ

Ïåðåìåííûé ïîðîã

Sheth & Tormen, 2002



Ôóíêöèÿ ìàññ

Êàëèáðîâêà èç ìîäåëèðîâàíèé. Óíèâåðñàëüíàÿ ÔÌ.

Jenkins et al., 2001



Ôóíêöèÿ ìàññ

Tinker, Kravtsov, Klypin et al., 2008



Çàâèñèìîñòü îò êîñìîëîãè÷åñêèõ ïàðàìåòðîâ



Èçìåðåíèå ôóíêöèè ìàññ ñêîïëåíèé ãàëàêòèê

Âèõëèíèí è äð., 2009:



×òî òðåáóåòñÿ äëÿ èçìåðåíèÿ ôóíêöèè ìàññ ñêîïëåíèé?

Äëÿ ýòîãî íóæíî:

� ¾Íàéòè¿ ñêîïëåíèÿ ãàëàêòèê. Ïðè ýòîì äîëæåí áûòü ñ äîñòàòî÷ íîé

òî÷íîñòüþ èçâåñòåí ïîèñêîâûé îáúåì.

� Èçìåðèòü èõ ìàññó ñ äîñòàòî÷íîé òî÷íîñòüþ.



Ñêîïëåíèå â ñîçâåçäèè Âîëîñû Âåðîíèêè



Ñêîïëåíèå Ýéáåëë 2065



Êàòàëîã Ýéáåëëà

RA = 1 :720=z, N > 50, m3 > m > m 3 + 2

4073 ñêîïëåíèÿ Abell, 1958; Abell, Corwin, Olowin, 1989



Ïðîåêöèÿ

Â êàòàëîãå Ýéáåëëà áîëåå 30% ñêîïëåíèé ëîæíûå, ñòîëüêî æå íà ñòîÿùèõ

ïðîïóùåíî (íàïðèìåð, âàí Õààðëåì, Ôðåíê è Âàéò, 1997, MNRAS, 287, 817)



Ñîâðåìåííûå îïòè÷åñêèå îáçîðû

Szabo et al., 2011



Ñîâðåìåííûå îïòè÷åñêèå îáçîðû

Tinker et al., 2011



Ñîâðåìåííûå îïòè÷åñêèå îáçîðû

áîëåå 5000 ñêîïëåíèé

MaxBCG, Rozo et al., 2010



Ðåíòãåíîâñêîå èçëó÷åíèå ãîðÿ÷åãî ãàçà

T � 3� 10 êýÂ



Ýôôåêò Ñþíÿåâà-Çåëüäîâè÷à

Ñþíÿåâ, Çåëüäîâè÷, 1972



Ýôôåêò Ñþíÿåâà-Çåëüäîâè÷à

îáñåðâàòîðèÿ èì. Ïëàíêà, ÿíâàðü 2011 ã.



Ýôôåêò Ñþíÿåâà-Çåëüäîâè÷à

Òåëåñêîï íà þæíîì ïîëþñå, ÿíâàðü 2011 ã.



Êàêèå íóæíû ñêîïëåíèÿ?

Âîéò, 2004

Òðåáóþòñÿ ìàññèâíûå ñêîïëåíèÿ: M > 2 � 3 � 1014M �

T > 3 � 5 êýÂ



Ðåíòãåíîâñêèå îáçîðû ñêîïëåíèé

Ïë
îù

àä
ü,

êâ
.

ãð
àä

.

Ïîòîê, (0.5-2 êýÂ), ýðã ñ � 1 ñì � 2

REFLEX+BCS

400d

ChaMP

COSMOS



Îáçîð âñåãî íåáà ñïóòíèêà ÐÎÑÀÒ



Îáçîð âñåãî íåáà ñïóòíèêà ÐÎÑÀÒ



Îáçîð âñåãî íåáà ñïóòíèêà ÐÎÑÀÒ

Íåñêîëüêî ñîòåí ñêîïëåíèé íà z < 0:1� 0:3.



Ðåíòãåíîâñêèå îáçîðû ñêîïëåíèé
Ïë

îù
àä

ü,
êâ

.
ãð

àä
.

Ïîòîê, (0.5-2 êýÂ), ýðã ñ � 1 ñì � 2

REFLEX+BCS

400d

ChaMP

COSMOS

Ïîòîêè:
f x � 10� 13 ýðã ñ� 1 ñì � 2

#
äàííûå íàâåäåíèé ÐÎÑÀÒà:
9.5 ëåò � � 400 êâ. ãðàä.
#
îáçîð 400d
Áóðåíèí è äð., 2007, ApJS,
172, 561



Ðåíòãåíîâñêèå èçîáðàæåíèÿ ÐÎÑÀÒà



Ðåíòãåíîâñêèå èçîáðàæåíèÿ ÐÎÑÀÒà



Àëãîðèòì ïîèñêà ñêîïëåíèé

160d, Âèõëèíèí è äð.,

1998, ApJ, 502, 558

èçîáðàæåíèå !

âåéâëåò-ðàçëîæåíèå !

ìåòîä ìàêñèìàëüíîãî

ïðàâäîïîäîáèÿ



Ðàçëîæåíèå ïî âåéâëåòàì



Àëãîðèòì ïîèñêà ñêîïëåíèé

160d, Âèõëèíèí è äð.,

1998, ApJ, 502, 558

èçîáðàæåíèå !

âåéâëåò-ðàçëîæåíèå !

ìåòîä ìàêñèìàëüíîãî

ïðàâäîïîäîáèÿ



Ñðàâíåíèå ñ îáçîðîì Bright SHARC



Ñðàâíåíèå ñ îáçîðîì íà ñåâåðíîì ïîëþñå ýêëèïòèêè



Ñðàâíåíèå ñ îáçîðîì íà ñåâåðíîì ïîëþñå ýêëèïòèêè



Îáçîð WARPS

VTP � ôèëüòðàöèÿ äèàãðàììû Âîðîíîãî



Îáçîð 400 êâ. ãðàäóñîâ

1600 ïîëåé,
287 ïðîòÿæåííûõ
ðåíòãåíîâñêèõ èñòî÷íèêîâ,
ñ ïîòîêàìè f x >
1:4 � 10� 13 ýðã ñ� 1 ñì � 2



Îïòè÷åñêèå íàáëþäåíèÿ

ÐÒÒ-150,R, 15 ìèí:

z = 0 :5



Îïòè÷åñêèå íàáëþäåíèÿ

ÐÒÒ-150,R, 60 ìèí:

z = 0 :7



Îïòè÷åñêèå íàáëþäåíèÿ

ÐÒÒ-150,R; I , 3 ÷:

z = 0 :8



Îïòè÷åñêèå íàáëþäåíèÿ

ÐÒÒ-150



Îïòè÷åñêèå íàáëþäåíèÿ

Èçìåðåíèå êðàñíûõ ñìåùåíèé:

MgI NaD

Keck II, Magellan, ESO 3.6-m, NTT, FLWO 1.5-m, NOT, Danish 1.54-m

+ ÁÒÀ



Îáçîð ñêîïëåíèé 400d

http://hea.iki.rssi.ru/400d/:



Ìîäåëèðîâàíèÿ Ìîíòå-Êàðëî



Ìîäåëèðîâàíèÿ Ìîíòå-Êàðëî



Âåðîÿòíîñòü ðåãèñòðàöèè

Ð
àä

èó
ñ,

óã
ë.

ñå
ê.

Ïîòîê, (0.5-2 êýÂ), ýðã ñ � 1 ñì � 2



Èçìåðåíèå ïîòîêîâ
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Èçìåðåíèå ïîòîêîâ



Ïëîùàäü îáçîðà

nobs(f m ; z) =
ZZ

Pm (f m jf; r c)Pd(f; r c) n(f; r c; z) drc df

Psel(f; r c) = Pd(f; r c)
Z 1

f min

Pm (f m jf; r c) df m

Ýôôåêòèâíàÿ ïëîùàäü îáçîðà:

Aeff(f m ) = A

RRR
Pm (f m jf; r c) Pd(f; r c) n(f; r c; z) drc df dz

RR
n(f m ; r c; z) drc dz

Êðèâàÿ ïîäñ÷åòîâ:

N (> f ) =
X

f i >f

(Aeff(f i )) � 1



Êðèâàÿ ïîäñ÷åòîâ



Îáúåì îáçîðà

Aeff(f m ; z) = A

RR
Pm (f m jf; r c) Pd(f; r c) n(f; r c; z) drc df

R
n(f m ; r c; z) drc

Veff(L m ; z1; z2) =
Z z2

z1

Aeff(f m ; z)
dV
dz

dz



Ñèñòåìàòè÷åñêàÿ îøèáêà èçìåðåíèÿ ôóíêöèè îòáîðà

XLF evolution:

no ev.
Mullis et al (2004)
dev. from best fit

Radii distr.:

JF99

Ïëîùàäü è îáúåì îáçîðà âû÷èñëÿþòñÿ ñ òî÷íîñòüþ íåñêîëüêî ïð îöåíòîâ (!)



Ôóíêöèÿ ñâåòèìîñòè

Ñêîïëåíèé ñ L x > 1044 ýðã ñ� 1 ñì � 2, íà z > 0:3:

îæèäàåòñÿ 116, íàáëþäàåòñÿ 47 � � 7�

Áóðåíèí è äð., 2007, ApJS, 172, 561



Êàê èçìåðÿþòñÿ ìàññû ñêîïëåíèé?

Ãðàíèöû ñêîïëåíèÿ: ��=� > 200



Ïðîôèëè ïëîòíîñòè ñêîïëåíèé

Ñêîïëåíèÿ � ñàìîïîäîáíûå îáúåêòû. (Ïîëíàÿ ìàññà � ãèäðîñòà òèêà.)

Âèõëèíèí è äð., 2006



Ðàäèàëüíàÿ äèñïåðñèÿ ñêîðîñòåé

� / T0:6 / M 0:4



Ñîîòíîøåíèå ìàññà � ñâåòèìîñòü



Ñîîòíîøåíèå ìàññà � òåìïåðàòóðà

M � c / � c� cR3
� c

, � c(z) = � c0E 2(z), E (z) = H (z)=H0, R� c / M 1=3
� c

E � 2=3(z),
T / M � c =R� c , =) M � c / T3=2E � 1(z)



Ìàññîâàÿ äîëÿ ãàçà



Ñîîòíîøåíèå ìàññà � YX

Êðàâöîâ, Âèõëèíèí, Íàãàè, 2006, ApJ, 650, 128



Ñëàáîå ãðàâèòàöèîííîå ëèíçèðîâàíèå

A1689



Ñëàáîå ãðàâèòàöèîííîå ëèíçèðîâàíèå

�M=M � 0:09



Chandra Cluster Cosmology Project � CCCP

z < 0:1 z > 0:45

86 áëèçêèõ è äàëåêèõ ìàññèâíûõ ñêîïëåíèé,

îêîëî 2 ìèëëèîíîâ ñåêóíä íàáëþäåíèé òåëåñêîïà ×àíäðà



Ôóíêöèÿ ìàññ ñêîïëåíèé

Âèõëèíèí è äð., 2009, ApJ, 672, 1060



Ôóíêöèÿ ìàññ ñêîïëåíèé

Íîâîå íåçàâèñèìîå ïîäòâåðæäåíèå ñóùåñòâîâàíèÿ òåìíîé ýíå ðãèè.

Âèõëèíèí è äð., 2009, ApJ, 672, 1060



Îãðàíè÷åíèÿ íà êîñìîëîãè÷åñêèå ïàðàìåòðû

Âèõëèíèí è äð., 2009, ApJ, 672, 1060



Îãðàíè÷åíèÿ íà êîñìîëîãè÷åñêèå ïàðàìåòðû

Âèõëèíèí è äð., 2009, ApJ, 672, 1060



Îãðàíè÷åíèÿ íà êîñìîëîãè÷åñêèå ïàðàìåòðû

áåç ñêîïëåíèé

wo = � 0:991� 0:045 (ñòàò.) � 0:067

� 0:039 (ñèñò.) � 0:076



Ôóíêöèÿ ïðàâäîïîäîáèÿ

Õóäñîí, ¾Ñòàòèñòèêà äëÿ ôèçèêîâ¿

Âåëè÷èíà � 2� ln L ðàñïðåäåëåíà êàê � 2



Ìàðêîâñêèå öåïî÷êè çíà÷åíèé ïàðàìåòðîâ

Àëãîðèòì Ìåòðîïîëèñà-Ãàñòèíãñà.

ßäðî ïåðåõîäà ê íîâîé òî÷êå:

T(� n ; � n +1 ) = � (� n ; � n +1 )q(� n ; � n +1 )

� (� n ; � n +1 ) = min
�

1;
P(� n +1 )q(� n +1 ; � n )
P(� n )q(� n ; � n +1 )

�

Ïðè ýòîì âûïîëíÿåòñÿ:

P(� n )T(� n ; � n +1 ) = P(� n +1 )T(� n +1 ; � n )

P(� ) � ðàâíîâåñíîå ðàñïðåäåëåíèå öåïî÷êè

Òðåáóåìîå êîëè÷åñòâî òî÷åê ïðèìåðíî ïðîïîðöèîíàëüíî ÷èñë ó ïàðàìåòðîâ.



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Êàê ýòî ðàáîòàåò?



Ìàòåìàòè÷åñêîå îáåñïå÷åíèå

� cosmomc � Cosmological MonteCarlo

http://cosmologist.info/cosmomc/

� CAMB � Code for Anisotropies in the Microwave Background

http://camb.info/

� RECFAST

http://www.astro.ubc.ca/people/scott/recfast.html



ÌÂÑ-100Ê



Îãðàíè÷åíèÿ íà ïàðàìåòðû ìîäåëè � CDM

Áóðåíèí è Âèõëèíèí, ãîòîâèòñÿ ê ïå÷àòè



Îãðàíè÷åíèÿ íà ïàðàìåòðû ìîäåëè � CDM

Áóðåíèí è Âèõëèíèí, ãîòîâèòñÿ ê ïå÷àòè



Ñóììàðíàÿ ìàññà íåéòðèíî

Hu, Eisenstein, 1998



Cóììàðíàÿ ìàññà íåéòðèíî



×èñëî âèäîâ íåéòðèíî

LSDN, MiniBooNE, ðåàêòîðíàÿ íåéòðèííàÿ àíîìàëèÿ � òðåáóþò íà÷è÷èÿ

1 è 2-õ âèäîâ ñòåðèëüíûõ íåéòðèíî ñ ìàññàìè 0.5�1 ýÂ



×èñëî âèäîâ ìàññèâíûõ íåéòðèíî



×èñëî âèäîâ ìàññèâíûõ íåéòðèíî



Óðàâíåíèå ñîñòîÿíèÿ òåìíîé ýíåðãèè



Óðàâíåíèå ñîñòîÿíèÿ òåìíîé ýíåðãèè



Ñïåêòð-ðåíòãåí-ãàììà (ÑÐÃ)



Ñïåêòð-ðåíòãåí-ãàììà (ÑÐÃ)


