








DopMHUPOBAHNE T'AAAKTUK




DopMHUPOBAHUE CKOIACHUM




AareKoe IIPOTOCKOIIACHUE TAAAKTUK
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DopMHUpPOBaHUE CTPYKTYPHI

A. Kpasuos n ap.
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Aaxgmakea

~100000 xpyIIHBIX rAAAKTHK.
[ToAMHIAATADAA CBETOBBIX AET B IIOIIEPEUYHUKE.




Crpykrypa HOTOKOB
BHYyTpH 80 Mk

1409.0880

1000
0

1000
2000
3000

-4000

-5000 e T ke R M oSG (kms)
2000 0000 000 600 400 0O 2000 40 G0 8000 1000 1200

Terepp MBI 3HAEM, KAK OOPA3YETCH KHAIIIE»
CBEPXCKOIIACHHUE TAAAKTHK.




UIIOABHBIN OTTAAKUBATEAD

cO
e
ﬂ-
N
<
ol
=)
=~
~




CkeAeT BCEACHHOU

KpynHoMacLwuTabHas cTpykTypa (popMUpPYETCH B OCHOBHOM TEMHbIM BELLIECTBOM.
Ho BMAWM Mbl ranakTUKKU, UX CKOMMEHUS, FropsYniA ra3 — T.e., 06bIYHOE BELLECTBO.

Kak yBUAETb CaM CKENIET BCENIEHHOWN?
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B0OAOKHO TEMHOIO BEIIeCTBA

CkonneHuns A222/223. z~0.2 Mexay ckonneHnsamu 18 Mnk.
PacnpeneneHne Maccbl BOCCTaHaBIMBAETCS NO JIMH3MPOBAHWIO.
Maccbl rasa He XBaTUT A1 OObACHEHNS MACChbl BOJIOKHA.
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BoAroxkHO KOCMMUEeCKOM CEeTH
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OueHp MAAOMETAAANYHBIN I'a3 HA Z="7

/72 MnH net nocne bonbworo B3pbiBa.
I, zmd 3

T.0., Mbl BUOUM, YTO MEHSAETCH

ICM, zm2.5 o -
XNUMNHECKNN COCTaB BCEJTEHHOMN.

ULAS1120 All known B ntore, Bca BceneHHas npeacraet
| - 360JIOUUOHUpPYyroOweu

—4 -2
[Si/H] (log,, Si abundance relative to solar)

Metal—
cubpoor [ |

Redshift

1212.0548



I'AsA4 B IIpoOIIIAOE

e [1o acppekTy CloHsieBa-3enbaoBmya
e [0 BO36Y)KAEHUIO NUHUM

3MepeHue TeMnepaTypbl PENMKTA Ha Pa3HbIX KPacHbIX CMELLLEHUSX



Kak ocrbiBaeT peAuKT?

Ha South Pole Telescope aBTopbl uccneaosanu
158 ckonnenun ranaktuk Ha z=0.05-1.35 ¢ Absorption line Measurements

Muller et al. (2013)
+ SZE Meosurements

Luzzi et ol. (2009)
+ This work

bnarogapst HabnoaeHMSM Ha pa3HbIX YacToTaxX
no apdekTy CioHsieBa-3enbaoBmya yaanocb
onpeaennTb 3BOJIIOLUIO TeMNepaTypsl
PENNKTOBOIO U3/Ty4YEeHUS.

MICROWAVE RACKGROUNMD

GAS

EMERGETILC

ELECTRON

i BLUE SHIFTED
t HICROWAVE FHOTON

1312.2462



PaCIIII/IpeHI/Ie BCEACHHOM
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Kaxk sto pabGoraer?




Kaxk aTo paboraer?
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Uem ganblue ranaktnka — Tem bbICTpee OHa ygansieTcs.
LleHTpa paclumpeHus HeT. Ecnn mbl nepeneTtum B Apyroe MecTo,
TO KapTUHa paclIMPEHNS HE N3MEHUTCA.
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I'A€ 11eHTp pacIIupeHUu:A?

. LleHTpa pacwmnpeHns HeT

2. LleHTp pacwupeHuns B
OPYroM U3amMepeHnu

3. Mbl B LEHTpE C BbICOKOM
TOYHOCTbIO (HO 9TO ObIIO Obl
KpanHe TpyaHO OOBLSACHUTD).



O0AacTh HAOAFOAEHUA
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[1na HabntogeHuin Ham
OOCTYMNHAa KOHEeYHas
obnacTb NPOCTPaAHCTBA,
HO BCENEHHasa Tam

He 3aKaH4YMBaETCS.



Koneuna A BceAeHHAA?

Ham ons HabnioaeHun
OOCTYNHa NnWb
KOHEeYHas obnacTb.
Ho mbl BUOAUM, 4YTO

B AanNeKux ranaktmkax
BCE NMPUMEPHO TaKxke,
T.€., Mbl MOXEM OyMaTb,
4YTO OTTYyAda BuaHa
Takasi Xxe KapTuHa.
[a n noyemy HeT?

Mbl HE MOXXEeM cka3saTb,
HACKONbKO BCerieHHast
OonbLie Ton obnacTu,
KOTOPYIO Mbl MOXXEM cenyac
HabnaaThb.



IIpocrasa nasrocTpanma

=) <=m

OTa CUJbHO YNpOoLLEHHAa KapTUHa
NOMOra€eT NOHATb, YTO BCENEHHas
MOXET BbITb 6e3rpaHNYHON K

Npu 9TOM pacLUUpAOLLENCcH

BaxHo, 4TO yXe B
«MOMEHT HOMb»
BCerieHHas MOXeT UMETb
KOHEYHbIN pasmep unu
aaxe cpasy bbITb

N

N

6eckoHeuHowM. (=
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Oco0eHHOCT B KOCMOAOIHA




ComnyrcrByroiiee pacCTogHUE
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X1 X2 X3

X1 X2 X3




Co0cTBEHHOE pacCTOAHUE

d=ay

t=t,

(.) (.) (D) (.) . a=a,
A 4 g

X1 X2 X3 a — MacluTabHbIn dhakTop

t=t,>t,
a=a,>a,

®)
2

X3

d~z npu z=0



3akoH Xa00Aa

2 26 ,
wom Hd
5 “ Supervova ¢ . 2 H — nocrosanas Xab0Aa.
£ 2 Project # 4 72 +/-2 wm/c/Mmxk
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@l redshift Z
a*(f)dl’=dd" Pemst. marepus:  p,(2)=p,(0)(1+2)",
dd=a(t)dl - o ;

H . : (2)=p (0)1+2),

a’:a(t)jdlzax epeMT MaTepHH pm( ) pm( )( 2 N
v=dd/dt=(da/de)y, = [(da/dt)/al(ay)=Hd | p.(2)= p (O)1+2),

Bakyywm: P, (2) =const

1+2)+Q,(1+2)" +Q, )

m

H(z)=H, (Q,(1+2)' +Q



KpacHoe cmereHue

t=t,>t
t=t t=t,>t ST
azzlal a:za >1a a=as>a,
1 2 2 )\3
)\1 )\2
(.) —~—~——p ~ T~ \/\/\/’
Z=A-Ny/A, z+1=a(ty)/a(t)

OTO Henb3a 00bACHUTL TOSTbKO adpdoekTom Ldonnepal
OTO Herb39 00bACHUTL TOSTbKO rPaBUTALMOHHBLIM KPacHbIM CMeLLeHnEM!

Gy Gy e
&/ .
X1 X2 X3 Z — KaK X.
pacTeT ans bonee ganekux,
NOTOMY YTO Halla BCErleHHas

Z,>7,=74 BCerga paclunpariacb




KocMmoaormueckoe KpaCHO€ CMEIIICHUC

a) Bbnunsu ©) o

~d~ | ?
 3aKon Xa66na. v~d~z Noxoxe Ha gonnep! Noyemy* y é‘
[TpocTpaHCTBO pacLuMpseTcsa Be3ge O4NHaKOBO. O )
CKOpOoCTb NponopumnoHasnbHa pacCTOAHUIO. m
» Temn pacumpeHnsa MeHsieTca MeaeHHo. ©) : ',”;* i
[MoaTomy ans 6nmaknx ranakTuk OH MPUMEPHO OOMHAKOB. ; ,/.“ ‘”f:‘ :

6) Boanu
Ba)kHo noHnmaTb, YTO BAANM (£2,42,)
CKOPOCTb PacLLMpeHus 0305
Henb34 BbIYUCINTbL MO : (0.3.07)

(0.3.1.0)

KpaCHOMY CMELLEHUIO,
NCNoSb3ys PENATUBUCTCKUN
adodpeKkT gonnepa.
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Special Relativity

1000

Tamara Davis et al.




D opMyABI AAA pacIupeHNA - 1
PasHbIE CpeAbI:

* Bemecrtso (mpiab, p=0)
* Usayuenmne (p~T%

* Kocmonrormueckas nocrostanas (p=-oc?)

* TIeinb x=3/2
* HMszayuenme o= 2
* KocMm. moct. o= 0

Aas ceera (ds?=0):

c |

ﬂ'(tl'l-:)Hl'] Jo H(:) a(to)Ho 1 — a[(l Hz) T = 1].

(2)=H; (2 (1+2)' +O

(1+2)

m



DoTOMETPUUECKOE PACCTOAHUE

MoToKk=CcBETMMOCTbL/NMNOLaab
~_. / nnowaasb=41rd,2
_/_/_”

4—-/‘/“(')
VAN

/ \ oy = (L/4m )" = a(to) : s

BaXkHO cywiecTBOBaHWE «CTaHOAPTHLIX CBEYEN».
Hanpumep, 3TO cBEpXHOBLIE TUNA la.



YraoBO€ paccTosAHHE

Pasmep s

zZ

(8

Z i Ng=C

deq= dgy

dem1=dem2

X1altom1)= Xoal(tomo)
X1>x2= a(tem1)< a(tem2)

OTO cOBCTBEHHOE PaCCTOAHME HA MOMEHT
NCNyCKaHUA NMPUHUMaEeMOro cem4vac nanyveHus!







PaccrosaHue 1o cOOCTBEHHOMY
’ ABU>KEHHUIO

— e e

Ecnu Mbl 3HaeM CKOPOCTb ABUXKEHUS
JeTanu B J)keTe, TO Mo ee YIIoBoOMYy
CMELLEHNI0 Mbl CMOXEM paccynTaTb
paccTosiHMeE.

YOuBUTENBbHLIM CBOMCTBOM SIBIIAETCH
TO, YTO OHO pPaBHO COGCTBeHHOMy
pPaCCTOAHUIO B HaCTOSLLMA MOMEHT BPEMEHMN.

K coxaneHuto, Mbl HE 3HaeM npmmMepa
«CTaHOapTHOW CKOPOCTUY.



Bpema nyremecrBua doroHa

d=ct

G

(VIMeHHO 06 3TOM pPaCCTOAHUN HYallle BCETro roBOPAT B HOBOCTAX.
«OTKPbITa AarnekKkad rajfiaktmka, CBeT OT KOTOpOﬁ wen K HaMm

10 MunnmMapaos neT»)

Ho noka cBeT wen — BcesfieHHas paclmpsnacs!
[ToaTomy, ecrnn cBeT naeT U3 Todkn A B TOYKY b,

TO HA MOMEHT NpUdbITUA paccTosHne mexagy An b
byneT 6ornblue YeM NPOCTO Npon3BeaeHune ct!



OcobeHHOCT B KOCMOAOIM




CMOTpHM BAOAB CBETOBOI'O KOHYCA,

d ABU?KCMCA 110 MI/IPOBBIM ANMHUAM

Cosmic time, t

“|Broper distance, D




DOpPMYABI AAFL PACHIUPEHUA - 2

Om =03, 04 =07 ¢

Average distance between galaxies

ddz o B | 2 7.
’ —+ 77 (sin” Odp” +d0")
1—Fkre

0 5 10
Billions of years from now

q=0
H*(z) = H} (Qu(1+2)° + (1 +2)* + Q). q=1/2 t=(2/3H)
Ceitgac q<0.




KocMmoaornueckuil KaABKyAATOP

Enter values, lut a button

H, o Ttiz now 13462 Gyr since the

Omegang ® The ag

8*10°% em, o

General uses the Omegasyae that you entered.

L‘|[Z)e3BI:>I‘-IaI7IHO yﬂO6HbIIZ MHCTPYMEHT, NO3BOSIAOLLINN pacCCHUTbIBATb pa3Hbl€ PAaCCTOAHUA
Anda pa3HbIX KOCMOJTOTMHYECKUX rnapamMeTpoB.

http://www.astro.ucla.edu/~wright/CosmoCalc.html



ITapaasokc OapOepca

Mbl CMOTPUM B MpPOLLJIOE.

TeMHoTa HOYHOro Heba
0b6bACHAETCH KOHEYHbIM
BO3PACTOM BCENIEHHOU U
pacliMpeHnemM BceneHHon!

L

ITorok: F ~ —

Apkocte: | = £
AQ

A wi d

pa3mep: AQ ~ 6% ~

2




Cosmic time

«Yacbl bora» - kocmmnyeckoe
BpeMS

o A

«Cenyac» KOCMUYECcKoe BpeMsi PN

COOTBETCTBYET HalIMMm Yacam. !; :

Ho, Ha KakoM-HMByOb fanekom - ek _

HabnogaeMoM OGbekTe C TOUKM K
- =

3peHunst Halmx HabnaeHnn
Yyacbl OyT MeadfeHHee. k-




B3rasgaa Oora







Cxopocrtb pacimmupeHus

Y Hac ecTb pa3sHble onpeaerneHnsa PpacCTossHUA K
KaKk MMHUMYM OBa ornpeaesieHns BpeEMEHHN
(«kocMmn4eckoe» 1 No Yyacam HabnaaTens),
3HAYUT, Mbl MOXEM onpeaensTb CKOPOCTU
pasHbIMK cnocobamu.

CKOpOCTb JTO BCerga nameHeHmne paccrtodHunA
3a JaHHbIN NMPOMEXKYTOK BPEMEHMN.

PasHble CKOpPOCTU UNSTIOCTPUPYIOT pPasHble acrnekTbl
pacLUMpeEHNs BCENTEHHON.

BakHO, 4TO CKOPOCTb yaaneHus ganexkoun
(1 Npu 3TOM Habnogaemon) ranakTuKn
He cBsi3aHa OrpaHN4YeHneEM V<c, T.K.
NOKanbHO ranakTuka NOKOUTCS.




Urto 3HaunT «OBICTpPEE CBETAM?

V — CKOPOCTb yaalieHus
V>C (CKOpOCTI/I CKnaablBalOTCA
Mo raJinfieeBCKOMY 3aKOHY,

~——( ) He HaZo NPUMEHATb 34ecCb

pensaTuBmMcTckuin 3akoH ns CTO)
CBeT Xe ynansietcs

CO CKOPOCTbHO Peub uaer o
VIC=V=C CKOPOCTU M3MEHEHUS Cy
v COOCTBEHHOIO PacCTOAHUSA ) __________ \ G'OG*
3akoH Nno COBCTBEHHOMY BPEMEHMW. ‘96‘@7
Xab6bna OTO COOTBETCTBYET e (-; N9
1ec «B3rnagy ooray. P \‘
Gy )
& G-
Cdpepa
Xabbna (I) G
v=C A}' ) BN d,

v



CKopoCTh 110 YTAOBOMY PACCTOAHUIO

ITO Habntogaemasi BeninymHa. Mbl MOXeM onpegenntb ee rno cBoMM 4Yacam.

Takasa cCKOpoCTb MMEET TaKOW CMbICH:
OHa NOKa3bIBaET, C KAKOW CKOPOCTbIO
yaansnacb OT Hac ranakTuka B MOMEHT,
Korga 6bIno NCNyLLEeHO U3ny4vyeHue,
KOTOPOE Mbl cenYac NpMHUMaeM,

HO MO HaLUMM Yacam.

[na Hee He OenCTBYET 3aKOH Xabbna.

v

9




Tpu ckopocru

[1Be CKOpOCTU COOTBETCTBYHOT
BpeMs _
A «Barnagy 6ora:
1. CKopoCTb yaaneHus
Ha MOMEHT N3ry4YeHns
N0 «KOCMWYECKUM Yacam»

2. CKopoCTb yoaneHus
Ha HAaCTOALWMN MOMEHT
N0 «KOCMUYECKUM Yacam»

TpeTbsi COOTBETCTBYET TOMY,

4YTO MOXET N3MEepUTb HabnoaaTensb:
CKOPOCTb yaAaneHus, kotopasi umena
MecTa Ha MOMEHT MUCMNyCKaHuUs
N3Ny4YeHusi, HO N3MeEPSIEM Mbl ee

Mo CBOUM 4Yacam.

Bce Tpu moryT 6bITb 6onbLIe C



Cosmic time, t

"igroper distance, D

{
em I —(1 o .
Vem = 7~ [1 = (1+2)""]




«HPI/IB}ISaHHBIe» TAAAKTUKHA

astro-ph/0104349

[TpeacTaBum cebe, ITO MBI «BBILICITHAID
TAAAKTHKY U3 XaDOAOBCKOTIO IIOTOKA.
Toraa y Hee MOABHTCA KAKAsA-TO
IIEKyASIPHAS CKOPOCTB.



[I1BNXKeHue «oTBsA3aHHOUY»
rarnakTuku

(2,4 (2,2,)

Time (Gyr)

<
S
&
=

— untethered galaxies . asymploles
e + ) — unbethered galaxies

-100 0 - -50 50

]
Proper Distance, D (Mpc) Comoving Distance, y (Mpc)
pe ng ¥ Mp

B pa3sHbIX KOCMONOrnsxX ranakTnka MOXeT KaK npuonuxaTtbcs, Tak U yaansTbCs.
Ho ranakTtunka Bce paBHO «HbIPHET» 0OpaTHO B Xab0mnoBCKUiA MOTOK.

astro-ph/0104349



BbikaunBaHue 3Heprmm u3
pacLinpeHusa BcerieHHOU

YTBepKaaeTcs, YTO 3TO BO3MOXKHO!

MINING ENERGY IN AN EXPANDING UNIVERSE

EpwarD R. HARRISON
Department of Physics and Astronomy, University of Massachusetts, Amherst, MA 01003
Received 1994 April 4; accepted 1994 December 13

ABSTRACT

In principle, the expansion of the universe can be harnessed to provide energy. In a gedankenexperiment,
energy is gained by connecting together widely separated bodies with strings. The tension and the energy
generated are calculated for single strings. Mining energy in an expanding universe in this way raises unre-
solved issues concerning the conservation of energy. Apparently, the tethered-body experiment delivers
“nascent” energy that previously did not exist in any identifiable and quantifiable form. It is argued that
energy in a homogeneous and unbounded universe, in general, is not conserved on the cosmic scale.

Edward Harrison, Ap] 1995



AJKeT U3 raAAKTUKHA

lines of zero total velocity
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IlekyAaapHasa CKOPOCTH
I CKOPOCTb B MOMEHT U3AyUYECHUA

YTOOB OCTABATHCH «IIPUBA3AHHOIN,
raAaKTHKE HAAO OYECHBb OBICTPO
ABUTATHCH OTHOCHTEABHO COCEAEH.

CyLeCcTBEHHO MOMHUTb, YTO
neKkynsapHas CKOPOCTb MEHAETCS
Nno Mepe pacmpeHus!

V~1/a




KocMmuueckne ropu3oHTbI

1. T'opu3oHT YacTuy (')'“‘\(_) OTOT rOPM30HT COOTBETCTBYET

caMmoMy Aanekomy oObekTy,

(.) ///L) KOTOPbIN Mbl cenvac BUANM.
\ g (. \

© )

) \ B peanbHbIX cnyyasx BaXKHO

\’\’\(. ": MOMHWTb, YTO Mbl AOMKHbI CYUTaTb
) He OT MOMEHTAa «HOIMb», a OT

CKOMbKO CBET MPOLLEN 32 BPEMSI XN3HN BCENEHHON.  qomeHTa, CKaKeM, 06pa3oBaHus

NepBbIX 3B€34 UMW ranakTuk, Unm

2. FOPU30HT COBLITHIA MCNyCKaHUS Kakoro-To Buaa 4acTul,

OH He coBceM MOXoX Ha
[OPUN30HT COObITUI Y YepHbIX ablp!

MoXXHO ckasaTb, YTO G
FOPU3OHT COBbLITUIN — 3TO )'\
paccTosiHME A0 caMoro garekoro
o0beKkTa, 4O KOTOPOro Korga-Hnoyab

N\
B OyayLLEeM CMOXET JOWUTU HaLL CBETOBOM »
CUrHan, NnocrnaHHbIN cenyac.




1 opr30HTEI ¥ 9BOAIOLINSA
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Proper Distance, D, (Glyr)

PUCYHKM COOTBETCTBYIOT CTaHAAPTHOW Ha CEroaHALHUIA OeHb KOCMOSOrM4yeCckonu Mogenu.

Tamara Davis et al.
astro-ph/0310808



ComnyrcrByroiiee pacCTogHUE

na
o

15 =
12 9
102
o
o
[ ]

L
P B oCo
S

Comoving Distance, Ky, (Glyr)

PUCYHKM COOTBETCTBYIOT CTaHAAPTHOW Ha CEroaHALHUIA OeHb KOCMOSOrM4yeCckonu Mogenu.

Tamara Davis et al.



KondopmHoe BpemA
dr =dt/a(t)

n
=

P
a

Scalefactor, a

Ma
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=
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Comoving Distance, Ky, (Glyr)

PUCYHKN COOTBETCTBYIOT CTaHOAPTHOW Ha CEroAHSALLHUMA OeHb KOCMOMOrMyeckonu Mogenu.

Tamara Davis et al.




B 0oAee MEAKNX ACTAAAX ...

__~worldiine of comoving objegt.-
currently on our particle herizon

[ [
N o))
Scalefactor, a

e
o

20 30
Proper Distance, D, (Glyr)

PUCYHKM COOTBETCTBYIOT CTaHAAPTHOW Ha CErogHALLIHUIA JeHb KOCMOMOrmyeckon Mogenu.

Tamara Davis et al.



a TEIIEPb AAA COITyTCTBYIOILIETO...

ﬂbject
currently on
ﬁu[paﬂmﬂe
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e
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comoving I|EC

On Qur artlc
AQ znnpa t a= 5

0.4
0.2

20 30
Comoving Distance, R x, (Glyr)

PUCYHKM COOTBETCTBYIOT CTaHAAPTHOW Ha CErogHALLIHUIA JeHb KOCMOMOrmyeckon Mogenu.

Tamara Davis et al.



Kak MbI MOYKEM «YBHAETH»
pacHIMpeHNEe BCEACHHONI?

* /I3mMeHeHne KpaCHOro cCMeLLeHNs

* /I3ameHeHne (bOTOMETPUYECKOIO PACCTOAHMUA

» IameHeHune yrrioBoro paccTosiHus

* lameHeHne pacCcToAaHUA N0 COBCTBEHHOMY OBUXEHMIO

BeposiTHee Bcero nepebiM OyaeT 3aperMcTpMpoBaHO N3MEHEHNE KPaCHOro CMELLIEHMS.
3710 noTpebyeT BBOAA HOBOrO NOKOMNEHNS criekTporpadoB Ha HOBbLIX Tereckonax.

3aTteM, BUONUMO, yaacTcs yBUAETb M3MEHEHME YIINOBOro PacCTOAHUA, USMEPSAEMOro
No HabngeHUAM Ma3epHbIX NCTOYHMKOB (arXiv: 1207.7273, 1402.3590).
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YraoBO€ paccTosAHHE

Pasmep s

zZ

(8

Z i Ng=C

deq= dgy

dem1=dem2

X1altom1)= Xoal(tomo)
X1>x2= a(tem1)< a(tem2)

OTO cOBCTBEHHOE PaCCTOAHME HA MOMEHT
NCNyCKaHUA NMPUHUMaEeMOro cem4vac nanyveHus!




CxopocTb B MOMEHT M3AyUYECHUA

B pQSHBIX KOCMOAOI'MAX




YckopeHU:A B KOCMOAOTUH



YckopeHuE B pa3HbIE MOMEHTEI
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CAYe) YCKOPCHHUE JACTUYIHO BBIYHUCAACTCS, OHO XAPAKTCPUIYET U3MCHCHIC CKOPOCTH N3MCHCHUA

COOCTBEHHOI'O pacCTOAHMA B MOMCHT HUCITYCKAaHHUS U3AYICHUS IT0 9aCaM Ha6A}OAaTCAﬂ.
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B macrosmee Bpemsa

Ao = dvg,, / &tabsz
Ay = toy /(L + 2
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B Oyaymiem. Buano, kak BceAeHHAs YCKOPAETCH.
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Wsmenenune BHAHMOﬁ CKOpPOCTH IIO YacaM H2l6AI-OAaTCAH



Kak meHsAeTCA KpacHOE CMeNieHue?

2+1=a(ty) /a(t)

Az= a(t,+I88) /a(t, +At) - a(t,)/a(t,)

Bceaennas Bce BpeMsA pacCIIupseTCH,

HO HMHOTAQ 9TO IIPOUCXOAHT OBICTPEE,

HNMHOIAA — MEAACHHEC.

—

v

Nsmenenue KpaCHOI'O CMEIIICHUSA ITOKA3bIBACT,
KaK M3MEHMAACHh AMHAMUKA pacmnpeHHﬂ

BCEAEHHON C MOMECHTA HN3AYICHHA K HACTOAIIIEMY.

dz
dit

ff{)l] -z — (l * :‘-)!‘r‘.

a(t,) t2

\N\J.y

t,+At

a(t,+Ao)



3aAMEAAIIOIIIAACA BCEACHHAA
z+1=a(t,)/a(t,)

Az= a(t,+A0) /a(t, +At) - a(ty)/a(t,)

\ 4

HYncAnTeAb pacTeT MEAACHHEE, YEM 3HAMEHATCAD.
[TosToMy KpacHOE CMEIIIEHNE AAHHOTO OOBbEKTA
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CO BPEMEHEM OYAET YMEHBIIATHCH.

P Macrrrabuerit dakTop
1 |

HpaKTHqCCKH HC MCHACTCA,

T.K. paCIIuPEHUC 3AMCAANAOCD.

4 a(t,) a(t,) &

(.)M \N\J,

(o) -

a(t; +At) ~ t+AL
g+Ae Aoy 2HA



Y CKOpAOIAACA BCEACHHAA
z+1=a(t,))/a(t))

Az= a(t,+A0)/a(t,+At) - a(t,)/a(t,)

UncAanureAs pacTeT OBICTPEE 3HAMEHATEA,

A

IT09TOMY KPACHOE CMEIIEHUE OYAET PACTH.

t a(ty) a(t,) b
(o) — ~ g
(. ~~
a(t, +At) ~ tt At

v



Peaancrmunasa BceAeHHAA

z+1=a(t,))/a(t))

Az= a(t,+At)/a(t;+A¢b) - a(ty)/a(ty)
3AECh CHTyars CAOKHEE,

T.K. B HA9aA€ BCEACHHAS PACIIHPAAACD

C 3aMEAACHHEM, 2 IIOTOM — C YCKOPEHUEM.

COOTBETCTBEHHO, €CAU MBI IIPOBOAUIM CEMYAC

HAODAFOAEHUSA C BBICOKOM TOYHOCTBIO, TO MBI
VBHAHUM, 9TO AAACKHE TAAAKTHKU «CHHEIOTY,
a OAM3KHE — KPACHEIOT.,

4 a(ty) a(t,) t2
(o) g ~ " (O

(o) - "

a(t2+A5



Kpacnoe cmemenne 8 ACDM

KpacHoe cmenenne oObEKTOB
Af = 100 years

B _ - -

_ H, = 70 km 5™ Mpc

e eI e T AAACKHX - YMEHBIIATHCS

c z<2 OyAeT pacTh, a boAee

Davis et al. (astro-ph/0310808)
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3a 12 Aer HaOATOAeHU HA SKA2
MOKHO OYAET HAACATHCSA UTO-TO YBUACTb.
3a 50 AeT pabOTHI MBI IIOAYYHM AAHHBIE
IO TEMIIY PACIIMPEHUA BIIAOTB AO z=1

C TOYHOCTH HECKOABKO IIPOIIEHTOB.




KpacHoe cmenieHue
PEAUKTOBOIO U3AYUECHUA

PeAnKTOBOE M3AYUEHHE MBI BCETAQ BUAUM TAKHM,
KAKIM OHO OBIAO B MOMEHT «OCBOOOKACHU.

z=a(t,)/a(t,)
Az=a(t,+At)/a(t)) - a(t,)/a(t,)

[Toaromy kpacHOE CMEIIEHUE PEAUKTOBOIO U3AYICHUA
: BCCrAQ PacCTET, BHE 3aBUCUMOCTH OT TOTO,
\—\'\; KaKOBAa AMHAMHKA PACIIIIPEHNs BCEACHHOM.
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Urto 3HaunT «OBICTpPEE CBETAM?
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