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Construct an f(7)-theory from a bouncing FRW universe
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We show that the teleparallel f(7) gravity can provide compatible versions of bouncing cosmologies. In
this work two bounce universe models have been investigated. We present their phase portraits by constructing
the phase space of the models. Also, the thermalization process of the universe during the bouncing period
is discussed. We rewrite the solutions in Einstein frame to represent the torsion gravity as extra degree-of-
freedoms. The evolution of the equation-of-state of the torsion fluid has been studied. Assuming that the matter
component to be a canonical scalar field, we obtain the scalar field potentials induced by the f(T') gravity of
the two suggested models. The evolution of the scalar field equation-of-state during bouncing period has been
investigated. Moreover, we study the energy conditions of these two models. Finally, the slow roll validity in

the bouncing cosmology is discussed.
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I. EINSTEIN’S COSMOLOGY

Copernican (or cosmological) principle is believed to be
a good approximation to construct a reliable cosmological
model.

ds* = —df* + a(t)6;jdx'dx’, (D)

where a(?) is the scale factor. Standard cosmology today is
a manifestation of Copernican principle and Einstein’s field
equations of general relativity (GR) are given by,

G[_lV = Kzz;wa (2)

where G, is called Einstein tensor, k* = 81G/c*, G is the
Newtonian’s gravitational constant and c is the speed of light
in vacuum. We assume the natural unit systemc =% = kg = 1,
and the stress-energy tensor T, is taken for a perfect fluid as,

(Ipv = puyy + P(M#Mv - g/zv)7 3)

where u, = 52 is the 4-velocity of the fluid in co-moving co-
ordinates, p and p are the density and pressure of the fluid,
respectively.

Applying the Einstein field equations to the FRW universe

leads to Friedmann equations

2
K
H* = —p,
3P
where H = a/a is the Hubble parameter and the dot denotes
the derivative with respect to time. Constraining the Fried-
mann equations by the equation-of-state p = wp, then solve
for the scale factor [1]

2
H+H? = —%(p+3p), 4)

arrw = { ald+o)t -], o=l

ettt w=-1.
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Where a;, Hy and t; are constants. The former is the usual
power-law scale factor, for w > —1/3 the universe is expand-
ing with deceleration, while it is accelerated when w < —1/3.
The later gives de Sitter universe, where w = —1, which does
not allow the universe to evolve, that could be considered in
late phases rather inflation.

H=—§(1+w)H2. (6)

We classify the four different regions in Figure 1 as follows:
(I)-region represents an accelerated contracting universe as
g<0and H <0,

(II)-region represents a decelerated contacting universe as
g>0and H <0,

(III)-region represents a decelerated expanding universe as
g > 0 and H > 0 which characterizes the standard FRW
models,

(IV)-region represents an accelerated expanding universe as
g < 0 and H > 0 which characterizes the so-called inflation
or dark energy phases.

According to the GR phase portraits, it is clear that differ-
ent choice of an equation-of-state produces a different phase
portrait, such that w,, > —1/3 gives decelerated phases, w,, =
—1/3 identifies the zero acceleration curve, while w,, < —1/3
gives accelerated phases as shown in Figure 1. Figure 2 is the
phase portrait of GR plus a cosmological constant, A. From
Fig. 2, it is clear that when A = 0 we return to the phase por-
trait of Fig. 1 and when A > 0 we have the blue curve which
represents a big bang singularity followed by an inflation then
a bounce after crossing the fixed point (stable one) in finite
time. Same discussion can be applied when A < 0, which
represented by the red curve.
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FIG. 1: The standard general relativistic phase portraits. The dot
curve represents the zero acceleration boundary, it divided the phase
space into two regions. The shaded region is the deceleration region,
while the unshaded is the acceleration one. The labels (I)-(IV) give
four possible behaviors.

We investigate the possibility to cross from H > 0 branch
to H < 0 through the de Sitter fixed point H,. The former
branch goes effectively as a phantom-like (w,rr < —1), while
the latter is a non-phantom (w,sy > —1). The conditions for
this transition to occur are listed as follows The conditions for
this transition to occur are listed as follows [? ]

() limy_py,, Hy =0,
(11) liIIIHHHi"f dHJr/dH = 00,
(i) 1 = [ dH/H, < co.

In addition to these conditions, it has been shown that the
crossing is possible only when H(H) is a doubled valued func-
tion [2, 3].

If we want to reproduce the above phase portraits of Fig. 3
or Fig. 4 within GR using linear equation-of-state we will get
a conflict with continuity equation [3]. Therefore, we need to
modify GR.

II. PHASE PORTRAITS OF f(T) COSMOLOGY
A. Teleparallel space

This space is denoted in the literature by many names
teleparallel, distant parallelism, Weitzenock, absolute paral-
lelism, vielbein, parallelizable space. An AP-space is a pair
(M, h,), where M is an n-dimensional smooth manifold and
h, (a =1,--- ,n) are n independent vector fields defined glob-
ally on M. The vector fields h, are called the parallelization
vector fields.
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FIG. 3: From acceleration to deceleration.

Let A,/ (u = 1,...,n) be the coordinate components of the
a-th vector field h,, where Greek and Latin indices are con-
strained by the Einstein summation convention. The covariant
components h,, of h, are given via the relations

h'h®, = &4 and  hth, = 6L, @)

where ¢ is the Kronecker tensor. Because of the independence
of h,, the determinant 4 = det(h,*) is nonzero. On a telepar-
allel space (M, h,), there exists a unique linear connection,
namely Weitzenbock connection, with respect to which the
parallelization vector fields #, are parallel. This connection is
given by

rayv = haaavhay = _ha,uavhaas (®)
and is characterized by the property that
Vir)ha” = thaﬂ + l—wxlvha/l = 0, (9)

where the operator v is the covariant derivative with respect
to the Weitzenbock connection. The connection (8) will also
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FIG. 4: Phantom cross conditions.

be referred to as the canonical connection. The relation (9) is
known in the literature as the AP-condition.

The non-commutation of an arbitrary vector fields V, is
given by

VOVOV, = VOVOV,® = Ry Vo + T4, VOV,

where R?,, and T¢,, are the curvature and the torsion tensors
of the canonical connection, respectively. The AP-condition
(9) together with the above non-commutation formula force

the curvature tensor R”,,,, of the canonical connection I, to

vanish identically. Moreover, the parallelization vector fields
define a metric tensor on M by

8uv = nabhayhbw (10)
with inverse metric
g =n"h . (11)

The Levi-Civita connection associated with g, is

o 1
r(lpv = Eg(w- (avg;m' + aygwr - atrgpv) . (12)

In view of (9), the canonical connection I'*;,,, (8) is metric:
Ve, =0.

The torsion tensor of the canonical connection (8) is defined
as

T =T =T = h" (3% — 0,h). (13)
The contortion tensor K, is defined by
K% =T, =% = h," VOB, (14)

where the covariant derivative V% is with respect to the Levi-
Civita connection. Since I'*,, is symmetric, it follows that
(using (14)) one can also show the following useful relations:

Try,uv = Kayv - Karv,ua (15)

Kcmv = % (Twm + Tayv - T;mv) ’ (16)

where Ty = 8eu TS, and K, = g¢u K€,.. It is to be noted
that 7, is skew-symmetric in the last pair of indices whereas
K, is skew-symmetric in the first pair of indices. Moreover,
it follows from (15) and (16) that the torsion tensor vanishes if
and only if the contortion tensor vanishes. In the teleparallel
space there are three Weitzenbock invariants: I} = T% Ty,
L = T 7,4, and Iy = T*T,, where T* = T,*?. We next
define the invariant T = Al, + Bl, + CI;, where A, B and
C are arbitrary constants [4]. For the values: A = 1/4, B =
1/2 and C = —1 the invariant T is just the Ricci scalar up to
a total derivative term; then a teleparallel version of gravity
equivalent to GR can be achieved [5]. The teleparallel torsion
scalar is given in the compact form

T=T",8."", (17)
where the superpotential tensor

1
S M = 5 (K""a + TP g — 5;Tﬁﬂﬁ), (18)

is skew symmetric in the last pair of indices.

B. f(T) gravity

There are different extensions of TEGR, e.g. Born-Infeld
extension of the TEGR [6, 7], another interesting variant is
the modified teleparallel equivalent of Gauss-Bonnet gravity
and its applications [8-10]. The extension to f(T)-gravity has
been inspired by the f(R)-gravity by replacing the Ricci scalar
in the Einstein-Hilbert action instead of the Ricci scalar. But
the former is by replacing the teleparallel torsion scalar by an
arbitrary function f(7T') [11-14]. We consider the action of the
f(T)-gravity

S= fd“xlhl[%f(T) + Lo |, (19)
2k

where L, is the lagrangian of the matter and || = +/—g =
det (h”“). The variation of the action (19) with respect to the
tetrad gives

1 v AP 7 v 1 v K2 Y~
0 (hS &™) fr=hiT", S ¥ fr+8 &7, T fro+ghif = S W),
(20)

g 2
where f = f(T), fr = #, frr = 6(,’;3) such that the TEGR
theory is recovered by setting (7)) = T. For more details of

f(T)-gravity, see the recent review [15].

C. Modified Friedmann equations

We take the metric to be of the at Friedmann-Robertson-
Walker (FRW) form (1). Therefore, the vierbein may take the
diagonal form

e, = diag(1,a(r), a(r), a(1)). 1)
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This directly relates the teleparallel torsion scalar (17) to Hub-
ble parameter as

T = —6H?, (22)

where H = a/a is Hubble parameter and we use the dot to
denote the differentiation with respect to the cosmic time t.
Where T, is the usual energy-momentum tensor of matter
fields. We consider a perfect-fluid material-energy tensor (3).
Inserting the vierbein (21) into the field equations (20) for
the matter fluid (3), the modified Friedmann equations of the
f(T)-gravity read

1
pn = 5o [f(T) +24H fr . (23)

Pu = = [fT) +4GH? + B fy - 481 frr ] 24)
2k2

In the above, the usual Friedmann equations are recovered by
setting f(T) = T. Assuming that the matter fluid is governed
by the linear equation-of-state p,, = w,,pn, the system ac-
quires the conservation (continuity) equation

Pm +3H( + wp)pom = 0. (25)

D. Dynamical view of f(T)

We argue that the modified Friedmann equations of any
f(T)-theory can be viewed as a one-dimensional autonomous
system, i.e. H = F(H), if we use the linear equation-of-state
of the universe matter. As a consequence we can interpret this
differential equation as a vector field on a line introducing one
of the basic techniques of dynamics. In order to prove our
argument we use the useful relation (22), then the field equa-
tions (23) and (24) in flat space can be rewritten in terms of
Hubble parameter as [16]

1
Pm = ﬁ[f(H)_Hf”]’ (26)
-1 1.
Pm = 55 |fH)—Hfn— zHfuu|, 27
2K 3
. daf _ d&f .. .
where fy = 75 and fyu = Zp;. Constraining the modi-

fied Friedmann equations to the linear equation-of-state p,, =
WmPm, We write [16]

f(H) - Hfy
Nil

Since f(H), fy and fyy are functions of H only, hence for
any f(T)-theory we can always write the modified Friedmann
equations in flat space as a one-dimensional autonomous sys-
tem. In order to fix our notations, we follow [17] calling equa-
tion (28) the f(T) phase portrait, while its solution H(?) is the
phase trajectory. Thus the phase portrait corresponds to any
f(T)-theory can be drawn in an (H — H) phase-space of the
Friedmann’s system. In this space each point is a phase point
and could serve as an initial condition. It is clear that when

H=301+ w,,,)[ } = F(H). (28)

f(H) = —6H?, equation (28) reproduces the standard general
relativistic phase portrait, i.e.

H= —%(1 + wn)H>. (29)

The last equation can be represented geometrically as shown
in Figure 1.

One of the modified gravity theories which has been used
widely in cosmology is the f(T") theory. Although, this can be
applied generally in modified gravity, the modified Friedmann
equations of any f(7T')-theory can be viewed as a one dimen-
sional autonomous system [16], i.e. H = F(H). This fea-
ture is not available for other modified gravity theories, e.g.
f(R), which contain higher derivatives of H. In this sense
we find that the phase space analysis is more consistent with
f(T) cosmology. However, similar models have been investi-
gated, without using the phase space, in Gauss-Bonnet modi-
fied gravity [18, 19].

III. BOUNCING MODELS IN f(T) COSMOLOGY

To reconstruct a bouncing universe in the framework of
f(T) and discuss its physical motivation we must follow the
below items:

e Select a bouncing scale factor

e Reconstruct f(T) of the bounce universe

e Draw the phase portrait

e Investigate the thermal evolution (slow roll validity)
e Move to Einstein frame

o Investigate the torsion equation-of-state

e Consider the matter component to be a canonical scalar
field

e Evaluate the scalar potential of the f(T) theory

e Investigate the equation-of-state and the energy condi-
tions

Now are going to apply the above procedure to two models:
A. Model 1
In this model the scale factor is given by

R(1) = B2 + Ry2. (30)

From Eq. (30) we get the Hubble parameter

o p+ P3RS
i . 3D

H) = ooy = 1) =
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The rate of the Hubble parameter is given by

The functions f(¢) and f(T) have the form

>

yo BRI -P) 2\~ — 4H'Ry?
Ht)=——————= = H(H) = - .
O="garre = Foamre
(32)
Y (P4 +3w)B” + Ro)hypergoem([4, 21721, [31,-85)]  (Plhypergoem([3, 3521, [3], -55)]
JO= g re * 62( 3821+ WGP + Ro?) " 3R

from which one can write it in terms of the torsion scalar as

T) =
7 3TR2B%(1 + w)(3B? + B+/6TRy? + %)

(33)

! (cz[TROZ,BZ + 28" + a(TRy? — 68%) \J6TRy? + B21(1 + w)

3 5+3w. 5 TRy>+3B> +B+6TRy? + 2
X hypergoem(1, t30) 2y TR+ 56 +£02 0 +ﬁ)+TR02[3TR02(1+w)ic2,/6TR02+ﬁ2(3w+4)+3ﬁz(3w+4)

2 2 T
1 3(1+w)

X h = )
ypergoem([2 > T

0.3 0.2 0.1 0 0.1 0.2 0.3

FIG. 5: Phase space of the first model.

It is convenient to transform from the matter frame we have
been used to Einstein frame, which gives Einstein’s field equa-
tions form and additional degrees-of-freedom by f(7')-gravity.
So we write the modified Friedmann equations in the case of
f(T)-gravity, i.e.

K2
3 W +pr) (35)

- (p+pr), (36)

H2

2H + 3H?

2 2 2 2
[%], TRy + 3 iﬁoz“ TR +F) | eyl + w) \/(iﬁ,/éTRoz + 982 — TRy — 3,82)T]), (34)

where the standard matter energy density p and pressure p
have their torsion scalar counterpart while py and pr are de-
fined as,

1 4
or = 2_/<2[2Tf -f-T] 37

2 ’ 2 ’
pr = FH(ZTf +f =1D-pr. (38)
are the torsion contributions to the energy density and pres-
sure, respectively, which satisfy the continuity

pT + 3H(pT + pT) =0. (39)

One can show that py and pr vanish where f(T) = T and
the standard Friedmann equations are recovered. We argue
here that the quantities pr and pr can explain the early self-
acceleration of the universe. Then, by using equations (37)
and (38), we can define the effective torsion equation-of-state
parameter as
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pr AHQTf" + f = 1)
wr=s—-=-1+
pr 2Tf —f-T
1 202 2,252 WA o1 2y 232 243
=— B — Ry™ )t B + R, =Bt B° + R
B F — ROUPE + RS + (B — RONR + RS — 65 7)] [( P RS+ Ry = s+ o)
X(ORy* = 5B f' = 3(°B* = R*I(PB* + Ry f = 287 ~ 4R02/32]}. (40)
As is clear from Fig. 6 that about bounce time (i.e., t = 0)
0- we have either w.rr > 1 and wr > 1 which are needed for a
bounce universe to wash up the anisotropies.

B. Model 2

5 0.5 0 05 1 In this model the scale factor is given by
R(t) = Ry(e™ + ™). (42)

From Eq. (42) we get the Hubble parameter

-20 H
a
(e — =) In (i \ a—H)
[0

Ht)y= ——=1tH) = , 43
T wtol o a)tor ( ) el 4 e—at ( ) ( )
The rate of the Hubble parameter is given by
FIG. 6: Eq. of state for total matter and torsion of the first model.
2 2at
. (4 .
H(t) = ——— = H(H) = o* - H". 44
0= 4 gy = HOD (44)

Figure 7 shows the phase portrait of the second models which

We also define the effective (total) equation-of-state parameter is clearly coincides with GR plus a positive cosmological con-

+ 2 ﬁ2 +oR? stant, A > 0, where A in this case is related to the constant «.
Weff = P " Pr _ _ 3R (41) The form of the function f has the form
pPTpr
a -(1+3w), B3+w), ,,
f = W[clhypergoem([—"j(l +w), > LI 5 I,e™)
-(1+3 T7+3
+02" 03 py pergoem([2, ( 5 a))]’ [ 5 w], —eza)}, (45)

where hypergoem(n,d,z) is the generalized hypergeometric function F(n,d,z). One can write Eq. (33) in terms of the torsion
scalar in the form

543w 3 13 5 v-T
FT) = (T + 602" | ¢y Legp(Z2 = 2912 Y70,
2 2 6a
3w+1 3w+5 V-T
+esLeg O : ), (46)
2 2 6

where LegP(v,x) and LegQ(v, x) are the Legendre functions of the first and second kinds respectively.
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FIG. 8: Phase space of the second model.

Figure 8 shows that about bounce time (i.e., t = 0) we have
both w,ry > 1 and wr > 1 as discussed in model 1.
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FIG. 9: The temperature of the first model

IV. THERMALIZATION OF THE UNIVERSE

According to the first law of thermodynamics, in the ex-
panding universe, we have

OdS = d(V) + pdV, 47)
with the integrability condition [20]

»*Ss &S
A0V Voo’

the energy density and pressure satisfy

dp _p+p
£ _rtr 4
e [C] (€] (“48)
Using (47) and (48), we evaluate the temperature
f < p(1) )
OF) = @yed PO +p)
o a7 =@y, (49)

where @y = O(7) is an arbitrary constant, with a dimension
K. We assume the boundary condition so that the temperature
® ~ 2.74 K at the present time where #, ~ 10'7 sec. Using Eq.
(49) we plot the temperature of the first and second models as
shown in Figs. 9 and 10. As shown in Fig 9. that the temper-
ature depends on the parameter 5. In Fig. 10 it is clear that
in early time the temperature is low which is a good environ-
ment to slow roll condition. Therefore, we are going to study
the matter content as a scalar field in the next section.
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1.x 102 Where ¢? represents a kinetic term of the inflaton and V()
is its potential. Accordingly, the inflaton equation-of-state pa-
8 x 101 rameter wy, := py/p, = —1, where V(¢) > @*. This assump-
tion (slow-roll) can not be justified unless the temperature at
- this episode is very law.
gé' * 10 Combining (50), (51), (35) and (36), we write the kinetic
= y and the potential of the scalar field
4.x 1077
Hf - fH
2. x 10241 ¢ (1) = ( J78 ), (52)
0% T T T ]
-20 -10 0 10 20 . i
t .
[— 005 —o=1 0=2] V(@) = 33 [f + (@ - _)f_ _] (53)

FIG. 10: The temperature of the second model In order to be consistent with literature we may use x> = 1/M;

with M, = 1.22 x 10" GeV. The above equations are consis-
tent with the scalar field background (Klein-Gordon) equation

V. MATTER AS A CANONICAL SCALAR FIELD of homogeneous scalar field in the expanding FRW universe
As is well known that standard inflationary models assume é+3Hp + av _ 0. (54)
a scalar field (inflaton) ¢, where its density and pressure are de
defined by
@
Py = 5 + V(p), (50) A. Model 1
@
Py = 5 V(). on Using Eqgs. (52) - (54) we get
pe - 2201+ w) X b [3 5+3w] [5] —-a’t? P [1 3(1+w)][ ] 2R2 55)
= ——| w ergeom|[=, —=—1,[5], ——— | — hypergeom >
602K2R,2 ypergeomly, Ty bk TR | T perseom Ly 0

and the potential has the form

—36‘2
28a2k2R)°(1 + w)(a?? — Ry?)?
5 7+3w, 7. —af

X hypergeom([z, T]’ [5], R

w(t) = [ 7/5R5(1 + w)([17/3 + wla'*t! - [5 + w]? R} — 2RyD[5/3 + wl[a*f* + R}]

) + (1 + w)*(@*? = RoH)a[7/3 + wl(B* + R3)*(5/3 + w)

7 33+ S——e
xhypergeom([z, ( . @), 5] ;’2 ) + TR+ w)([20/9 + wla®® — 8/9[15/8 + wla*t*R?
0

3 5+3 5. —a*t?

~5/9Ry*2a*(16/5 + w) — 1/9R,®) x hypergeom([z, T‘”], 5 ;’2 ) 14/3RS([4/3 + wla*r*
0
3(1 + —a?1?

4/3[3/2 + WIQPPRE = 1/3Ro*w) X hypergeom|[=, 20D (2 TNy (56)

27 2 27 Ry?

|
where ¢, and V; are constants of integration. By the same method one can calculate the scalar field ¢

and the potential of the second model. Figures 10—14 shows
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FIG. 12: The Eq. of state of the scalar field of the first model model

the behaviors of the equation of state of the scalar field for
positive and negative quantities of the constant of integration
Vo when the parameter w = 0.

B. Model 2
C. Energy conditions

In this subsection we investigate another major problem
that usually faces bouncing models, that is the violation of
the NEC, which gives rise to ghost instability problem. In the
case of a perfect fluid, these energy conditions strong energy
condition, SEC, and null energy condition ,NEC, must satisfy
p+p =0andp+3p > 0, while the weak energy condition,
WEC, and dominant energy condition, DEC, demand the fol-
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of state of the scalar field of the second model

-1
_]‘2.
-1.44

& V,<0

-1.61
-1.81

-2- T T T T T

-4 -2 0 2 4

FIG. 14: The Egq.
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of state of the scalar field of the second model

lowing constrains p > 0 and p + p > 0.

We summaries the energy conditions of the perfect fluid as

Name For perfect fluid

Weak Ps =0, py+ps =05

Null Py + pg 205 (57)
Strong Py + Py 20, py+3ps=0;
Dominant P 2 1Py

Using the above conditions we plot the energy conditions of
the first and second models in figures 15 and 16. As clear from
these figures that the four energy conditions are fulfilled.
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FIG. 16: The energy conditions of the second model model

VI. CONCLUSION

The results of this study can be summarized as:
e The GR applications in cosmology are very limited.

e The f(T)-theories have more flexibility to overcome the
limitation of GR.

e The thermal evolution in general has the form © o a=3.
Figure (10) shows that at the early time the temperature
is low and this is a good environment to slow roll con-
ditions.

e The torsion gravity provides a good candidate to de-
scribe the bounce behavior at early time (to wash the
anisotropies).

e The canonical scalar field matter in f(7") does not vio-
late the NEC.
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Hawen Jix." %3 u Xanadu B. Dap'*?

! Lentp Teoperuueckoit pu3nku,
Bpuranckuii ynusepcuret B Erunre

? Kagenpa MaTeMaTHKH, GaKy/IbTeT HAYK,
YHusepcuret Aiin Hlamc

? Erumerckas rpyIia OTHOCHTETbHOCTH

Hamex 1., Xanadpu B. Db
IMocrpoenue f(T)-Teopun u3 KoJedaouIeics
Bcenennoii ®puamana

[Tokazano, uro TenemapamienbHas f{T)-rpaBUTauss MOXET
MPEIOCTABUTH COBMECTHMBIC BEPCHH KOCMOJIOTUH KOJICOAHHIA.
B nmanHO# paboTe OBUIM U3YUYCHBI JBE MOJCIU KOJICOTIOIIMXCS
BCEJICHHBIX, OMHCAHbl UX (pa30BbIe MOPTPETHI MOCPEACTBOM

MOCTPOEHUST MoJenel (a3oBoro mpocrpancTsa. Take 00Cy-
JKJIaeTCsl TpoIlece TepMalHu3anuy BceneHHOW BO BpeMs Iie-
puona KoieOaHMH. 3aHOBO HANMCaHBI PEIICHHS B paMKax
TeopuM DHHIITEHHA C LENbI0 ONHCAaHMs I'paBUTAllUU Kpyue-
HHS KaK JIONOJIHUTENIBHOW cTerneHu cBoOoabl. M3yueHa 5Bo-
JIIOLMS ypaBHEHUsS COCTOSIHUS KpydeHus skuzakocteil. [lomyc-
Kasi, YTO UCCIEAYEMbIi KOMIIOHEHT SBIAETCS KaHOHUYECKUM
CKaJISIpHBIM TIOJIEM, TOMy4eHbI MOTEHIMaNbl oOIacTed cka-
JSIpHOTO MO, BhI3BaHHBIE f{T)-rpaBuTarmeil IByX Ipemio-
JKEHHBIX Mojeneil. MccienoBaHa SBONIONHS YPaBHEHHS CO-
CTOSIHUSI CKQISIPHOTO IIOJSI BO BpeMs IepHuoia KoJeOaHWs.
JlomoTHATENEHO OBUTH HM3YYeHBl JHEPTeTHYECKHE YCIOBHS
IBYX Mozened. B 3axiouenune, o6cyxknaercs 000CHOBaHHOCTb
MEJUICHHOTO BPAIlleHUs] B KOCMOJIOTHH KOJIeOaHuU.
KaroueBble ciioBa: uHQIALMS, CKAIIPHOE TI0JIe, TeJenepa-
JETU3M.
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