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Quantum effects undoubtedly had played crucial role at thP earliest 

phases of evolution of the Universe. In oarticular. they could rl!fTlove sinnu­

lari ties inherent in the cosmoloqical mo~els. Such nonsinnular solut1on w~s 

obtained when considerino the Einstein Pauations with one-lnN• corrections 

describing the polarization of the vacuum of ohvsical fields in classical 

gravitational field [1]. Later on, it ~~s shown[?] that de Sitter tvoe 

solution is unstable with respect to thr metric fl•ictuat1ons. 

In this paper. we show that the Einstein equations with such polarized 

vacuum possess also stable Friedmann type solution for the rarltation domi­

nated Universe. 

Consider the Einstein equations with one-loop corrections describino 

the contribution to the vacuum polarization from the massless ohysic~l fielrls: 

R,,~_ T~}'i>R = ee<T"~> 
• 

for the Friedmann-Robertson-Walker metric 

E2 = 89TG 
(n = c=1) 

(1) 

ds2 = -( clt)2 + a'\t:){(dx)2+j2(x)[(dtJ-)2+ sLn
2VJ-(dp/J} (2) 
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X , t<=O 

j(x)~ sLnX,K=1 

shx, K=-1 ; 

111:ere < Tf'li!> is given by the followinq expression [3] (for com11leteness, 

see dlso [4] ): 

<TJUv> =ol(Rn R~ - j RRµ»_~ ~f<lvRpilRpl\+ i ~µ"R~+ 
(1) +: (2R;flv - 2g"vR;~ -2RRfiv+ ~ 9.f'"R 2) . 

The coefficients cl , fl arise as a result of summation of cC1ntri­

butions of quantum fields of different spins. The conrlitfon of ap~licabilitv 

of the one-loop approximation with the classical oravitational fielrl is 

I R µ ~,o it R I « e-4 
J-ivpJ\. . 

Fir~t . n0te an important circumstance connecte~ with thP structure of 

< 'f""'~>. One can readily check that solutions of the equation 

RJUv - 4 ~µv R = 0 
(a) 

at R=-J2/ae 2 and R = O satisfy the initial equations (1), (3). 

Here, the first of the conditions R=-12/od 2 corresnonds to the above­

mentioned de Sitter solution [1] . 
In the most interestinC! case 

I fa I » max { lol I, t/e 2
} 
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for metric (2) equations (1), (3) can be rewritten in thP form 

(a 2 
+ K) 2 

- a2 a 2 +Ca = 0 (q 

.. • 2 
3 E_(g,_+a+K)=:, 

a dt a. a 2 c: 

where c fs a constant. If C = 0 , eqs.(5) have only two tvnes of sf'lu 

tions - de Sitter ( R = canst ; n) anrl Friedmann ones ( R = n, ~ = l. 

k = -1) coinciding with the solution of Einstein equ~tions tonether with 

the equation of photon gas state ( P=c/3 ). 

For C ; 0 , eqs . (5) turn into one equiltion 

a 2 u' 2 

cfU +(u+K)2=-4-, .Juca)°=a 

which is integrable at k • 0: 

t a(t) 6 d. 
( y3\ a a . 
Jdt=- (4A) J (a36_.Ac)2/J' 
to cto 

6 = !1 
.A > 0 

At a« , frOll' (7) we riet a sinqle solution in a for"' 

a ( t) "' con st · t Ya 

* 

(F) 

(7\ 

IA\ 

corresponding to the above -mentioned case with R = n As is seen fro111 
•: , 

(5) , conditions k = 0 and a«t (a >o) are bounda.rv ones for c1efinitinn of c 

i.e. the solution (8 ) does not deoend on C 

Thus, for the case of ~arly and flat aniverse, (R) is the only solution 

of eqs. (5). 

t An dnalogous Frie.drr.ann solution was obtained in [P.J fro111 initial 

equations with d., = 0 and material tensor TJU'=(p+e)u'"u~-p9 1"~(p= 7"3J-



"t cdn also ~c shown that the oartial solution of thP ini tial equa-
2 2 

t ions (l ) (Jj . dn be represented as the exoansion in ci,/J . (J3»t1e ), 
a « t 

a(t)=.fMt +;AA en(St)+o(; ); 

M, N , S = const 

whh.h r.1edn; an efft>c tive renormalization c~ (8) for small t : tf/2+0(ol/Jl) 

T·· .s poin ts ou t the correctness of the as surnntions made when derivinn solu-

t i cn (8 ) . 

One c~n readil y be convinced that solution (Q) is stable relative to 

>rai l perturbat ions of metric : in the case we are interesterl in thev decrease 

-Yz 
1~ i'n ti me as t 

Thu s the Einste in equations with one - loon quantum correc ti ons ~esides 

, salt. ti ons of dP Sitter tyoe ( R = -12/cLe2 
) have. as aoplferf to tile 

a r-liest Un iverse ( ct<< 1 ) , stable solutions o~ Friec'mann type , an<l 

une can say t na t polarized vacuum takes the role of the photon ads. 

Such a scenario o~ evolution of the earlies t Universe corresponds to 

1ero value of the cosmological constant A=R-e 2 (3p-E) 
ln other words . ./\. = 0 holds not only for the flat radfation dominated 

n1vcrse [5], but also for the "empty " Universe. 

The "Friedmann" solution found here may be of inte rPst as concernino 

the ideas of the inflationary Universe [6 . 1]. 

One of the authors (V.G.G.) is thankful to li.D.Lin" ' a n'1 A./l,qaro­

binsKy tor useful discussions. 
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