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Buabl paccToaHnm

t1 — BpeMd uzjydeHusd, to — BpeMd IIpUEMA CUTHAJIA; 7] — KOOPJMHATA YyAAaJEHHOTO 00bEeKTa;

ap
ao = a(tp) — Tekymuit macmrabubiii pakrop, a1 = a(ty) = — M.pb. HA MOMEHT U3JIyYEeHUS.
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MeTpudecKkoe pacCTOIHUE MEXKIY 00ObeKTaMU:
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Fig. 11.3. Photon propagation in an expanding universe may be understood with
the example of a cyclist moving at constant speed ¢ with respect to the local road,
while the road is being stretched like a rubber band. Left: no expansion, the path
is a straight line with inclination c¢. Middle: the expansion is initially slow, but
accelerates with time. Right: expansion is initially fast, but slows down with time,

as in a real universe (for 2,4 = 0).
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Fig. 11.4. The visible universe is the space inside the horizon of an observer. It
contains all matter from which the observer may have received a light signal. The
visible universes of any two observers A and B comoving with the Hubble flow
overlap progressively, but were disjunct at some point in the past. A can only see
B and vice versa after they have entered each other’s horizon. This leads to the
so-called horizon problem: why do A and B begin to participate in the expansion at
the same moment?



Ob6bemM Buammon BeceneHHoun

CoOcTBeHHBI 00bEM C(PEPUIECKOrO CJIOSI Ha PACCTOAHUA d(t) paBeH Ard? cdt.
to
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XabbnoBckne auarpammol
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[lnHamuka pacwimnpeHuna BceneHHoW

HbloTOHOBCKasa aHanorns

Paccmorpum pacmmpsiiomuiicst map pamuyca R(t) u maccer M (mutorHOCTH p).
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Fig. 10.1. Three solutions of eq. (10.10): an open, a flat and a closed FRW universe
with A4 = 0, tuned to the same size and expansion rate at the present epoch tg,
arbitrarily located at ¢ = 1. Time is in units of Hy .



YpaBHeHna PpmngmaHa

ana cnyyvasa P=0:
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