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Ony6auKoBaHHAS HE3ABUCUMO TpeMsi Tpynnamu Habmmogaresnell nuarpamma XabbJsa mOKa3bIBAeT
MPUMEPHO OJHO W TO K& YMEHBIEeHWe CKOPOCTH pacimpenus Bcemennoit co Bpemenem. Ilpu
sroMm, jJarable Habmoaerui nporpamMvbl zCOSMOS, Bomonasiemoit 8 ESO, oka3asuch He TONBKO
BHYTpEHHE HaubOJIee TOYHBIMU, HO M OXBATHIBAIOT HAMOOJbINUI auama3on z — or 0 10 z = 2.4.
CornacHo 9TUM JaHHBIM, NpH HabIOZaeMoM ceifdac 3Hadennun Hy = 65 km/(c-Mnk), 3nauenus
mapamerpos {2, u §2, TakoBwl: {2, = 0.263 u 2, = 0.737. Habmomaemasi 3aBucuMocTh H, oOT
Z CBUJETENbCTBYET, UYTO yCKOPEHWe B pacumpeHwn Bcemennoi Hagamoch mpu z = 1.5. [To3xke
(mpu z = 0.75) sHEPrUs BELIECTBA U SHEPIUs BAKYyMa CPABHAIMCH, a emle no3xe (upu z < 0.75)
SHEpPIusi BaKyyMa CTaja JOMHHHpOBaTh. [losToMy B Hacrosimmee Bpemsi BeeseHHas pacimpsercs
C yYCKOPEHHEM, KOTOPO€ MPOSBJISAETC B TOM, 9YTO, IO ME€pe PACIIUPEHHs, I'PABUTAIMOHHOE
TOPMOYKEHHUE MTOCTOSTHHO yMeHbIaercs. B OyayliemM BeJIMYnHa TOPMOXKEHUST YMEHBITUTCSA 0 HYJIs
(2, — 0,9, — 1), a ckopocrb paciupenus BeesieHHO BbIiieT Ha HEKYIO HOCTOSHHYIO BEJIUYUHY

H =~ 40 gm/(c-Mnk). Toabko Torma mocrosHuas Xab0sa cTaHeT MHPOBOH KOHCTAHTOI.

Heckouibko Jier Hazaz, nodru ogHOBpeMeHHO, Tpu rpyuibl Habaogareneii (Astier et al., 2006 [1]; Riess et al.,
2004 [2]; Lilly et al., 2005 [3]) omyGuukoBanu HabmomaemMyro nuarpamMmy Xab0sa. B mepeeix nByx paBorax
JiMarpaMMa TOCTPOEHA MO0 CBEPXHOBBIM la THIA B JAMEKHUX TaJaKTUKAX W MPEJCTABISET 3aBUCUMOCTb MOJLYJIst
paccroguug (m — M) ot z. Ijig Toro, 94To6bl JuarpaMMbl MOKHO ObLIO CPABHUBATH MEKLy CODOI, MBI IIEpeBe/In
MOJLYJIM B METPUYECKUE PACCTOSHUS dyyy, & JIUATPAMMBI TIPEJICTABUIA B TabauaHoM Bue (tabi. 1, komonku 3 u 4).

B rperbeii pabore [3], koropasi no cyuiectBy ectb ruy6okuii 0630p Heba Ha mwiomaake pasmepoM 1.7 KB.
rpajgyca, u Koropas mnogyumia HassBaunue ‘mporpamma ESO zCOSMOS”, amarpamma Xa0bJa mpeacTaBeHa
B BHJIE PHCYHKA, Ha KOTOPOM Ha pa3HbiXx 2z ¢ mHTepBajoM Az =0.1 orMedeHbl METPUYECKUE PACCTOSHUS OT
HabsroaTeis 10 00beKTa B enuHWIAX paccrosgausa a0 z = 0.1. B3aB mocegHee paccTosiHue, BBIPAYKEHHOE
B Mmeranapcekax (Mik) u3 mepsbix aByX paboT, Mbl [EpPEBeJd BCE OTHOCUTEJbHbIE PACCTOAHUS [IPOrPAMMbI
zCOSMOS B meramapceku (Tabi. 1, KoaoHKa 2).

Ucnonb3ys merpudeckue paccTosiHus d,,, KOTOPbIE MOJIyYeHbl [0 JAHHBIM HADJIIOAEHUH B KAXKIOH U3 Tpex
MPOTPaMM, MbI BBIYHUCIUIN CKOPOCTH paciiupenus Bcemennoit H, mis pasubix z ¢ wHrepBajom Az = 0.1
(1mamnazoH z, pa3Hblil B pa3HbIx nporpammax). Berauciaenus H, npoussoguiuch 1o dhopmysie

C
H,(z) = Do) = dnloia) rne z; — zi—1 = 0.1. (1)
i — Zi—1

st kaxkmoit n3 mporpamm 3HadeHuss H, mpuBeneHbl B TabaUIE 2 W TMPeCTaBIeHbl Ha, puc. 1.

CpasnuBas 3aBucuMocTb H, OT 2z BHYTpHU KaxK /0 porpaMMbl U pa3bpoc Todek Ha quarpamme (puc. 1), Mbr
TIPUIILIA K BBIBOY, YTO 3aBUCUMOCTE H, OT 2 JI/isi BCEX TpeX MpOrpaMM TPHUMEPHO ONUHAKOBA, TPH STOM, JTaHHbIE
nporpammbl zCOSMOS [3] — naubosiee TOYHBIE: OHU IOKA3bIBAIOT HanbOJIee MIABHOE M3MEHEHHE [OCTOSHHOM
Xabbma H, ¢ yBenuuenuem z. [loaTomy, He me1asi HUKAKUX OCPEIHEHUH, B KA4eCTBE HAOIIOIAEMO 3aBUCUMOCTH
H, or z HAMU TpHUHSATA CIJIAXKEHHAsT 3aBUCUMOCTb, KOTOpyio jgaer nporpamma zCOSMOS B mumamasone z or 0
1o 2.4 (puc. 2).

[IpencraBuB HAOTIOZAEMYTO 3aBUCUMOCTDL H, OT z TeopeTuaeckoi (Hpopmysioit

HZ = H§[Qn (1 +2)° + Qu), (2)
MBI [OJIYIM/IU CJIE/LYIOINe 3HAYCHUs] SHEPIUH, 3aK/II0YeHHON B BemecTse (), u B BakyyMme {),, IPH OPUHATOM
snadennn Hy = 65 km/(c-Mnk):
0, =0263 u  Q,=0.737,
9TO NMOJHOCTBIO COBIIAJAET CO 3HAYCHUAMH HTUX [HAPAMETPOB, NOTyYeHHBIME IPYIION ACTbe B quana3oHe z or
0 o 1 [1]. Omubkry Taxoro mpezacraBienus Habmomaemoit 3apucumoctn H, or z (dbopmyia (1)) Teopermyaeckoit
dbopmyuoit (2) cocrapiustor B cpeanem Menbliie 1% (kosionku 2 u 5§ B Tabiune 2). DTO MO3BOJILET IOJIYYaTh
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Tabmuma 1. Merpuueckne paccTogams B Mk, Tabmuna 2. Cxopocts pacmupenns Bcememnoit H. B
COOTBETCTBYIOIINE KaXKJIOMY 2 COTJIACHO JAHHBIM kM/(c-Muk) Ha pasHBIX 2z 10 JAHHBIM HAOJIIOJEHMUI,
HADJIIOIEHUI, IIOJTy I€HHBIM TpeMs rpymmamu [IOJTy Y€HHBIM TpeMsi rpynnamu nabsomaresteit. Hanbosee
Habogareseit IUIABHOE yBEJIWYEHHE CKOPOCTH pacliupenus BcesneHHOi
C POCTOM 2z TIOKA3bIBAIOT HAOIIOIEHsI, BHIITOJTHEHHBIE TI0
nporpamme zCOSMOS [3]
Lilly Riess  Astier Lilly  Riess  Astier Teopusa
z et.al et.al et.al z et. al et. al et. al
dm dm dm (1) (2)
0.0 0.0 65 65 65 65
0.1 433 433 435 0.1 69 69 69 67.8
0.2 850 841 845 0.2 72 73 73 71.8
0.3 1247 1249 1253 0.3 76 74 73.5 74.5
0.4 1627 1638 1636 0.4 80 77 78 78.5
0.5 1985 1994 1995 0.5 84 84 83.5 82.9
0.6 2325 2322 2333 0.6 88 91 89 87.6
0.7 2649 2639 2640 0.7 93 94 98 92.6
0.8 2955 2956 2956 0.8 98 95 95 98.0
0.9 3243 3245 3245 0.9 104 104 104 103.6
1.0 3516 3539 3507 1.0 110 102 114.5 109.6
1.1 3777 3782 3782 1.1 115 123 109 115.8
1.2 4022 4032 1.2 122 120 122.2
1.3 4257 4249 1.3 128 138 129.0
1.4 4478 4485 1.4 136 127 135.1
1.5 4685 4699 1.5 145 140 143.1
1.6 4887 4909 1.6 149 143 150.5
1.7 5075 5112 1.7 159 148 158.1
1.8 5256 5282 1.8 166 176 165.8
1.9 5428 5465 1.9 174 164 173.8
2.0 5595 5583 2.0 180 176 182.0
2.1 5752 2.1 191 190.3
2.2 5903 2.2 199 198.8
2.3 6048 2.3 207 207.5
2.4 6188 2.4 214 216.3
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KpacHoe cmelleHne z

Puc. 1. Habmomaemast 3aBECHMOCTH CKOPOCTH paCHIMpeHust BCeIeHHoi 0T KpaCcHOTO CMENeHTs TI0 JAHHBIM HaOJIIOIeHII
TpeX KOJIJIEKTUBOB aBTOPOB
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Puc. 2. Criaxennas nabmonaemas no nporpamme zCOSMOS u reopernueckas (npu Ho = 65 km/(c-Muk), Qn, = 0.263
m Q, = 0.737) 3aBECHMMOCTH CKOPOCTH paCHIMpeHus BCEJeHHO OT KPACHOTO CMENICHWs z. PacxXOXkKIeHWe TeOpwuu C
Habmonennamu He 6osee 1%

HAJIE’KHYIO OLEHKY PaccTosiHus 10 00bekToB ¢ z > 2.4. Hanpumep, 10 nepsbix 3Be3/ (BepOATHO CBEPXHOBDIX)
z~20, d,, =12 000 M0k, uan 10 mepBbIX TATaKTUK 2z ~ 8 +9, d,, ~ 10000 Mnk. OaHako Ij19 OKOHIATEILHOTO
JI0Ka3aTeIbCTBa TOro, 4To BeeseHHas ILI0CKast, HEOOXOAMMO MMETh HOATBEPKIAEHHE TOI0, YTO TeOPETHYECKas
3aBucuMocth H, or z (2) coBmamaer ¢ Habmomaemoii (1) Takke m B nmamasone z >2.5. Ecim KpuBm3na
IPOCTPAHCTBA BCE KE MMEercs, TO ee BjusgHue Ha H, Moxer ObiThb 3aMeTHbIM 1pu 6oJbIIUX z (NOABUTCH
pacxoxaenue HabonaeMoit Kpusoit H, OT z ¢ BBIYUCIIEHHOI).

CpaBHMBAs TEOPETUYUECKYIO 3aBUCHMOCTH BEJIUYUHBI TOTOKA OT CBEPXHOBOW C BEJUYUHON 2, KOTJIA
11peodJ1aIaeT BEIIECTBO, U TAKYI0 2K€ TEOPETUYECKY 0 3aBUCUMOCTD, KOI/a IIPeod/IaJaeT BaKyyM, ¢ HabJIIo1aeMoi
3aBUCUMOCTHIO “MOTOK — KPACHOE CMeEIeHwe’, Mbl MOJIYJWjIv, 94TO Tpu z > 1.4 Bcenennas pacmmpsiiach ¢
ropasao 0oJIbIINM TOpMOXKeHueM 4deM npu z < 0.5, Korja y»Ke CTajio CUJIbHO 3aMETHBIM YCKOPEHHE, CBA3aHHOe
¢ mpeobIajaHneM BakyyMa. JJOMIHIPOBAHNE SHEPIUU BAKyyMa HaJI SHEPrueil BemecTBa HadaIoch npu z = 0.75
(nepecedenre TEOPETUIECKUX KPUBBIX HA PUC. 3).

CormnacHo Teopun, 3TO MPOU3OIIIO TPU

z = [20,/Q,]Y% -1 =0.775,

YTO HEIJIOXO COTJIACYETCS ¢ HAOIIOJEHUSIMU.

Onmako HambOJIEE HALJISAIHOE MPEJICTABIECHHE O TOM, KAK YMEHBIIATACh CKOPOCTh PacHMpennust BceesreHnoi
c eé Bo3pacToM (C yMEHBIIEHHEM 2) U KaK yMEHbIIAJIaCh BEJIUYMHA TOPMOXKEHUs, aaer puc. 2. U3 pucynka
CJIeJlyeT, YTO HbIHElIHssi CKOPOCTh TOPMOXKEHUs — YMEHbLIeHHe CKopocTu pacumpenus Ha 4 km/(c-Muk) npu
ybbiBanum z Ha Kaxkaple Az = 0.1 — B 1Ba pa3a MeHbIIe TOM, 9To ObLTa mpu z = 1.5 — TOrga OHa paBHSIACH
8 kM/(c-Muk) npu Takom ke ymenbinenuu z. Hauasieecs npu z = 1.4 yckopenue B pacuupenuun BceeseHHOM
MTOCTOSTHHO yMEHBIIAET BeJUINHY TOPMOXKeHus. B Oymymem TopMOXkeHne OyIeT yMeHBIIATHCSA [0 HyJIs, TOTIA
CKOPOCTH PACIIMPEHUsI JOCTUIHET MOCTOSHHONW BEJIMYUHBI IIPH MUHUMAJIBHOM €& 3HAYEHHH. DTO CJEHyeT W3
ypaBuenus (2), B Kotopom §),,, OyIer crpeMuThes K Hymo, a {1, — K exunune. VI3 pucyHKa 2 BUIHO TaKiKe,
9TO0 B Oy/AyIIEM BEIMYMHA CKOPOCTH PACIIMpPEHHs BceneHHOH OygeT MOCTOSHHOW M HMMeTh 3HAMEHHE OKOJIO
40 km/(c-Mnk). Caenyer 3amerutsh 4ro, cormacHo M. I'. JIapuoHOBY, TeopeTwdyeckoe 3HAYeHWe MTOCTOSTHHOM
Xabbsa B caydae mmockoit Beemernoit, BoraucieHHoe depe3 (pu3ndeckne KOHCTAHTHI,

Hy = hGm2c*/(2v/2€5)
6yner umerb 3uadenue 38.18 km/(c-Muk). Ilo Buaumomy, 510 3HAYEeHHE CKOPOCTH pacuiuMpenus BceseHHoi
¥ eCcTh MUpOBasg KOHCTaHTa Xabbja. Bim3koe 3HadeHme 3TOH KOHCTAHTHI, MPEICKA3BIBAEMOE U3 HADJIIOIEHUIT
¥ BBIYKCJIEHHOE TEOPETUYECKH dUepe3 (DPU3MYecKre KOHCTAHTBI, JJis CJydas JI0CKOi Bcemennoii, moxer
PacCMaTPUBATHCA KAK JOKA3aTEILCTBO TOTO, 9TO BeemeHHas maocKasi.
Henbas ne o6paruTh BHUMAHUE HA TO, YTO, IIPY UCIOIB30BAHUE HAPAMETPA Z, 31€Ch HE TOBOPUTCS O BPEMEHH,

HAIIPUMED, O HbIHEITHEM BO3pacre BeeeHHoit, niin 0 BO3pacre, KOTIa YHEPTHUs BAKyyMa CPABHSIACH C YHEprueit
maccbl. [lapagokc 3akIrodaercsa B ToM, 9T0 Xa0060BcKuil Bo3pact Beenennoit H ;- ! pu nabiosaeMoM 3HadeHUH
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Puc. 3. Comocrasnenne nabi0maeMoii CKOPOCTH MAJEHUS TOTOKA, OT CBEPXHOBBIX C YBEJUHICHUEM KDPACHOTO CMEIEHUS
(mpaBas KpWBag) C IBYMsl aHAJOTHIHBIMA TEOPETHIECKUMI 3aBUCUMOCTSIMU, OJHA W3 KOTOPBIX BBIYUCIICHA IJIA CJIy9ast
npeobsiaanms BemecTsa (OHA COBIATAET ¢ HAOIIOAAEeMON KpuBON npu GObIIUX 2), APYTasd — BBIMUCJIEHA JJIS CJLy9ast
npeobraaaus BakyyMma (OHA COBIAJAeT C HAOMIOZaeMOil KPHWBOW NpU MajbiX z). PUCYHOK SABIAETCH KOCBEHHBIM
JI0Ka3aTeIbCTBOM TOTO, ITO IIPY OOJIBIINX KPACHBIX CMeIneHnsx BeereHHas pacumpsiiach ¢ TOPMOXKEHIEM, a IIPU MAJIBIX —
¢ yckoperuneMm. Touka mepecedenusi TeOPETUIECKUX KPUBBIX coorBeTcTByeT MoMenty z = 0.75, korma Qn, = €,

Hy = 65 km/(c-Mnx), cocrasisier 15 Mmips jier, Torga Kak GOTOH HCITYIEHHBIH MaJaKTHKOMN, HaXOoAsIeics Ha,
paccroguauu 10000 Muk (z ~ 8) — rakue 06bekTbl y2Ke HabJOMa0TCsH — Jobupaercsd K HaM 30 mupy jer. Orcioaa
u xabbiioBckuit paguyc cH 1 = 4700 Muxk B Ba pasa MeHbIIe PACCTOSHHS 10 IePBbIX rajsakTuk — 10000 Mk
(z ~ 8). OueBumHO, xabOOJOBCKUI BO3pACT U XabOJOBCKUI PAJUYC HE SIBJSIOTCA BO3PACTOM U TOPU3OHTOM
Bceenennoit, 3Hatenns KOTOPBIX, [0 KpaitHeil Mepe, B Tpu pa3a bosbire xabbmosckux. Ecan pasmep Bceemennoit
XapaKTEPU30BATh PAINYCOM KPUBU3HBI TPOCTPAHCTBA K., KOTOPBIi Mpyu MaJjOi KPUBU3HE JIOJIKEH COCTABJIATH
HECKOMBKO Xab0moBeKuxX paauycos R, > (2—3)-10%8 cm (em. A. B. Bacos, K. A. IToctros “O6mas acrpodusuka’,
2006, crp. 429), TOo pasHorIaACKe MEXKIY MaJbIM XaOOJIOBCKUM PauyCoOM U OOJIbIIMMU PACCTOSHUAMEI UCIE3HET.
Onuaxko Bo3pact BeenenHoii 15.4 Mipz, siet, Beirekaommuii u3 Habmoaemoro 3uadenns Hy = 65 kv /(c-Mnk) win
UpUHUMaeMblii ceiiyac Bospacr 13.7 mupy sier, Bbirekatoniuii u3 3uadenust Hy = 73 km/(c-Muk), e Mmoxker ObITh
menbIre 40 MJIP/T JIET — CTOJIBKO BPEMEHU HAXOAUTCS B ITyTH (DOTOH, UCITYIIIEHHBINA MEPBBIMU 3BE3IAMU, BO3MOXKHO
CBEPXHOBBIMHE, HAXO/IANMMUCH HA paccrognnu z ~ 20 wim Ha MerpudeckoM paccrosguuu d,, ~ 12000 Mok.
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