Kocmornorus.
CoBpeMEHHOE COCTOSAHUE.
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CkopocTb pasberaHus ganekumx ranaktuk oTnu4yaeTcs
OT 3aKkoHa Xabbna
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smaller rate in the past
more time to reach a given z

larger distance of propagation

smaller flux

Accelerated expansion

of the photons

¢ Calan Tololo
Hamuy et 1., A.J.1996

14z = u(‘rubs)f u(‘rem)

At a given z

|

10"

Redshift z

» older

Accelerated

Constant

expansion
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HekoppeKTHbIN BOMPOC: Kyda Mbl paclunpsieMca’?



Xoa BpeEMEHUN B Pa3HbIX CUCTEMAX OTCHETA

™l

CAt =1 -r+r,In
- r—r‘{:’

3 o

J"E l"-

AT ==r||L| -|=

I\ b

¢ 8













" T
;-"7' '.' . > . -
oy 8% e







[anakTuka M87
NnwvHa gxeta — 5000 cBeToBbLIX NET
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galaxies

Collections of ~101"~ 102 Stars

: Schematic of the Milky Way
nearly spherical

halo of "dark matter"

globular clusters contains ~10"" stars

of ~10% old stars

bulge disk, about

flattened, about 0.3 kpc thick
6 Kpc by 1 Kpc and 12.5 kpc in radius



TemHaa maTtepusa

Al mfzemM,
. r P2

v=\/GMc/r'

Rotation of planets po’:ziﬁfr:“g:.f’ve



TemHasa matepu4

Observed
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Expected
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from disk




Galaxy Cluster Abell 520.
anakTUKKN — opaHXeBble, ras — 2eneHbIW, TEMHaA MaTepuAa - ronybas







Galaxy Cluster Abell 520.
anakTUKKN — opaHXeBble, ras — 2eneHbIW, TEMHaA MaTepuAa - ronybas




Puc. 1.2]1. l'anaktuka UGC 10214 («'onoBactik»). «XBoCT» U3 BelllecTsa, 1o
onHOi u3 Bepcuii, obpazoBanca Gnarogaps NPUTSAXKEHHUIO HEBHAMMON
«TE€MHOH» rA/ITAKTHKH.

Qoo c caitra http://nti.freewind.ru



[MpoeKuusa cunbl,

anﬂMBHble CUnbl CHUMaoLWas 3emnto.

1

Cunbl, AeNCTBYOWME Ha NPeaMETbI, PACMONOXKEHHDbIE
cboKy 3emnu. Cozpatotca JIyHOM Unn conHuem (CMHUI
KPY»OK). OTMeUYeHbl X)XUPHbIMU CTPENKaMM.

nDCHDJ'IbH‘f 3emna bonee {HECTKaa», 4em BOOda B OKEaHaX, OHa CHMMaeTCA MEHbBbLUE
M Ha gameTpax Npruanebl BaoNb OCH WU OTIUEBDBI NONEepekK

nn——




D. Clowe et al., astro-ph/0608407, AT 648 (2006) L109-113
Collision in 1E0657-558 = bullet cluster

Weak lensing = Mass not centered on gas
= Confirmation of existence of Dark Matter

Total mass X-ray gas s



OOVH U3 Ha3eMHbIX 3KCNEPUMEHTOB MO MOUCKY
TEMHON MaTepuu

Motion of Earth in the x wind

Modulation of annual rate + 7%

Voun = 220 km/s o in June

DAMA/LIBRA
250kg Nal

Annual modulation
at 8. .20
m, ~ 44-62 GeV

500 1000 1500 2000 2500 3000 3500 400

Barnabei et al., arXiv:0804.2741

BUT 1 signature only (scintillation)
Result in contradiction with other expts.




Mpobnembl Bonbloro B3pbiBa

¢ Yro 6bU10 00 Bosbluoro B3pbiBa?

¢ [louemy Hawe npocrpaHcTio mwiockoe? [loa «uiockum» 00bIY-
HO NOHUMAaETCs IPOCTPAHCTBO /M0OOro Yuesia U3MepPeHH, ONU Chbl-
Baroleecsi reomerpuen EBKinaa, KOTopyro Mbl U3yUa/Id B LLIKOJIE.

¢ Ecim Teopust bonbuioro B3pbiBa cnpaseyiMsa, To pasmep Bee-
JIEHHOM ceityac AoJpKeH Obu1 ObITh HUKaK He 6onee 1 cMm. TecHoBa-
TO ObUIO OBbI B TaKOI BeeneHHoi!

¢ Bo Bpemsi mo0Ooro B3pbiBa BeLIECTBO pasJjieTaeTcsl B pas3Hble
CTOPOHBLI KpaiHe HepaBHOMepHO. B oaHy cTtopoHy — Oosblue, B
Apyrywo — Menbue. Ho HabnwoaeHus nokasbiBaroT, uto Beenen-
Hasl Ha yJIMBJIeHWe olHOpojHa. Hanpumep, oTKIOHeHHe Temnepa-
TYpPbl PE/IMKTOBOTIO U3JIYYEHUs] OT CPe/IHero 3Ha4eHusi COCTaBJIsi-
0T 00HY comyro npoyesma! DTo Bece paBHO, Kak eciu Obl Halia
3emist umenia uaeatbHy0 Gopmy wwapa ¢ «<ropamu» He Gonee 40
MeTpPOB BbICOTON. /U1l cpaBHeHMS: aAuamerp 3eMJIM NPUMEPHO
1,2-107 merpos. TpyaHo Gbuio Gbl TOraa NoOBepuTL B CIIy4Yaii-
HOCTb €€ NPOUCXOKIACHUSL.

¢ Temnieparypa B nepeblit MOMEHT J0JDKHA ObITh OY€Hb BbICO-
Koii, Hukak He menee 10” K. Yro npusesio K Takomy Harpesy?



MnnocTpauna uHnauum — nepsoro arana
3BONOUNKM Haweln BceneHHon



NHdnsaymsa — 2

Tak, HarnpuMep, Bce BpeMsd BOKPYT HAac BO3HMKaOT riyKTyaumum ¢ E
~ 10-3 Mg, 1 paamepom A/ ~ 103 [,

[1na cTOpoOHHEro HabnwgaTend BpeMs XU3H1 Takon nykrtyauun
HUYTOXHO Mano, HO T.K. pa3mep ee MHOro 0osblue /5, MOXHO
NCNOMNb30BaTh YpaBHEHUA SUHLLTENHA ANA ONUcaHnA NPOLECCOB C
TOYKU 3peHnsA BHYTpPeHHero Habngarend
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OTcTtynneHue
Hayka v 3gpaBbi CMbICH

I:\/cf rat+..a :\/Pv_ra

HayanbHbli pasmep BceneHHol — nopagka

10_27 CM.
L ?

_8 “
Pasmep atoma ]()™ cMm. Pa3Mep BUAMMOI YacTH
BceneHHoW

10° com.



NcTopus

BIG-BANG
10A—12 sec Innflation
Quark soup 1
R‘_{“f o Egm,R — SEGT,{JV +Agﬂv
_P=wp
W=0; 1/3; -1

Modern Universe

-

-

adapted from Kamioenkous




[loBeoeHue nond U NnpocTpaHCcTBa BO BpeMs

MHbnAauun. CtaHgapTHaa KapTUHa
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[Tporpecc TeXHUKM HabnaeHus

COBE WMAP
(7 degree resolution) (0.25 degree resolution)

iz

(t< 20) (¢ < 700)
dnyKTyaumumn Temnepartypbl PENUKTOBOMO U3NyYeHns

HapyLleHne ocHOB:
BblaeneHHasa cuctema oTcyeTa — cywecTayeT!
YMEHbLUEHNE CKOPOCTN 3aMKHYTON CUCTEMBI
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Photon entering
the potential well of The photon stars
a supercluster at a cerlain energy.
of galaxies
As the photon travels
minimum point of the it gains a litle energy.
potential well of
a supercluster \ Al the same time,
of galaxies dark energy causes the
superciuster 1o expand,
and the potential well loses
some depth.
The supercluster
Photon exiting continues to expand.
the potential well of /’
a supercluster When the photon climbs
of galaxies out of the potential well,
it looses some enargy;

however, the well is less deep,
so the photon exits with
maore enargy than it antered.



