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Pacmupenue npoctpancTa B mojieny PpuamMana;

[Ipobnema coxpaHEHUs SHEPTHUH B PACIITUPSIOIIEMCS TPOCTPAHCTBE;
HproToHOBCKast popma pesITUBUCTKOrO ypaBHEeHUsT DpraMaHa;
Kocmonornueckoe kpacHoe cMmenieHue (3d ekt Jlemerpa);
KocMosoruueckoe rpaButaiiioHHoe cmelienue (3dbdexkt bonan);
ITapagokc Xa06ma-/leBokynepa;

[IpoOsieMa KBAaHTOBOM MIPUPOABI I'PABUTALMOHHOIO B3aUMOACHCTBHSI.
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Puuapa Ouwiiunc PernHMaH
(1918 — 1988)

«Science 18
a culture of doubty

«Knowledge can progress only 1f people have open minds and
test their 1deas. So far so good.»



YpaBHeHUuss DUHIITENHA
U TOXXAeCTBO buaHku
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Kocmoutornyeckuil npuHIMI JUHIITENHA

E(r,t) =&(1) p(r,t) = p(¢)

g:gm-l_gde p:pm+pde
p=ypc’

_ p,=Be, 0p6<1 Pp =WE, —1<w<0
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Mertpuka Podeprcona-Yosikepa

ds? = 2dt? - S() dy® - S(t) 1, (x)*(d6” +sin’ 8 dg)

I, (X)=sinX, X,sinh ¥ for k=10,-1

r=5() Ly




BHelrHee paccTosiHue
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TouHoe cOOTHOIIIEHNE CKOPOCTh-PACCTOAHUE
B Moae i Ppuamana
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YpaBHenuss @puamana
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YpaBHeHna ®pugmaHa gnsa macwtabHoro
cakTopa S(t)
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PDOU3HYEeCKUU CMBICJ PACHIAPECHUS
MPOCTPAHCTBA
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Expanding Space: the Root of all Evil?*

Matthew J. Francis™*, Luke A. Barnes“?, J. Berian James'? & Geraint F.
Lewis!
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nstitute of Astronomy, Madingley Rd, Cambridge, UK
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A bstract: While it remains the staple of virtually all cosmological teaching, the concept of expanding
space in explaining the increasing separation of galaxies has recently come under fire as a dangerous
idea whose application leads to the development of confusion and the establishment of misconceptions.



Martin Rees & Steven Weinberg (1993) state

.how is it possible for space. which is ut-

terly empty, to expand? How can noth-
ing expand? 'The answer is: space does
not expand. Cosmologists sometimes talk
about expanding space, but they should
know better.

while being told by Harrison (2000) that

expansion redshifts are produced by the
expansion of space between bodies that
are stationary in space



Edward Harrison, “Cosmology: the science of
the Universe”, Cambridge Univ. Press, 2000
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energy 1n the Universe 1s
S not conserved.”




IIpo0sieMa coxpaHeHUs SHEPI UM
B PACIIUPAIOIIEMCH MPOCTPAHCTBE

(Tik);k =(T, +T;f);k =0

3%:— : dEE+pdV =0

EtTp

dE = d(eV) =d(pc’V)
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IIpo0sieMa coxpaHeHUsI IHEPIruU
B PACHIMPHAIOIIEMCH MPOCTPAHCTBE

THE ASTROPHYSICAL JOURMAL, 446:63-66, 1995 June 10
G 1%, Thae Amarican Aaircanmicsl Saciety, Al rights ressrved, Prinied in U5,

MINING ENERGY IN AN EXPANDING UNIVERSE

Epwarp R, HARRISON
Department of Physics and Astronomy, University of Massachusetts, Amberst, 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 & homogeneous and unbounded universe, in general, is not conserved on the cosmic scale.

Subject headings: cosmology: theory — relativity



IlceBAOTEH30P YHEPTrUU-UMITYJIHCA
rPABUTAIMOHHOIO MOJIA

1 0(W—g Tik) 1 0gy TH =

E 0 x" 2 Ox, B

«B Takom Buae, ogHako, aTO ypaBHEHWE, BOOOLLE
roBOPSi, HE BblpaXkaeT 3aKkoHa COXpaHEHUsI Yero bbl TO
H1 ObINO.»

(N.4. Nangay, E.M. Jlndpumy, « Teopus nosnsi», n.96,
cTp.358 )
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HbroToHoBCcKast popma
PEJIATHBHUCTCKOI0 YpaBHeHuss @puamana
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KocMostornueckoe KpacHoe CMelleHue
(b dexT Jlemerpa)

I+2)=A,/A =8§,/85,

B ¢ L dZ
i”(fo»Z)—”(Z)—HOJ)'h(Z,)

h(z) = B(2) Q, +(1-Q,)(1+2)’



dbdekt Jlemerpa u 3¢pdexr Jonmiepa
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Kocmoutornueckoe rpaBuTalMOHHOE
cmeureHue (3pdexr bonan)

l+gqg v v q
Zcos:ZDop-l-ngv:x-l- 20x2:(;+262)+70x2
~oq@r) 1GMr 1 5
Zgrav_ 2 _ 9) __QO‘X
C 2 c'r 4

Bondi H., MNRAS, 107, 410 (1947)



IHapagoxc Xao01a-/leBokyiepa

“The connection between homogeneity and
Hubble’s law was the first success of the
expanding world model.”

(Peebles P.J.E. etal., 1991, Nature, 352, 769)

Linear Hubble law => homogeneity

OpgHako 3 HabngeHun cnegyer:

( r<rhom ) & (CZ:HOF )
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IHapagoxc Xao01a-/leBokyiepa
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Remind me not to come to any more gravity conferences




PDu3uKa rpaBUTANMOHHOIO
B3aMMO/IeMCTBUSA

e

According to modern physics, the electric repulsion between two

electrons is caused by the exchange of photons. The process is
schematically depicted by this ‘Feynman diagram .

Table 6.1. The four basic interactions

Carrying particle

no problem with EMT

Type of Relative Range
interaction strength (centimetres) Particle Restmass Spin
Q C 3 «— Strong 1 ~1071 Mesons >10°MeV O
Q £ —«— Electromagnetic 107 Infinite Photon 0 1
QEW <«— Weak 10~ ~107% 2o ~10°MeV 1
? <=— Gravitational 1 Infinite Graviton 0 2 +0 (?)

QEH

P
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3aKJII0UYeCHHUEe

dnsnyecknm cmbicn pacLunpeHus
NpOCTpaHCTBa — Npobriema HENPEPLIBHOIO
TBOPEHUA ON3NYECKOro Bakyyma.

dur3mka rpaBUTALIMOHHOIO B3aMMOENCTBUS —
npobrnema 3Heprnm 1 KBaHTOBOW NPUPOAbI
rpaBuUTaLUN.

[Tpobnema B3anMoCBsI3U NTOKanbHOU On3nKK
c rnobarnbHbIM pacrnpeneneHnemM BeLLEeCTBa.

Heobxooumo pazsusams kpumuveckue Habaroo0amenvHle
Mecmbl KOCMOJIO2UHECKOU (OU3UKU



bnarogapto 3a BHUMaHUE!
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