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We investigate the cosmological scenario involving spatially homogeneous and anisotropic Bianchi type-V Iy space-time
in the context of the Sharma-Mittal holographic dark energy model within the framework of Brans-Dicke’s theory
of gravitation. In order to achieve this objective, the Hubble, deceleration, equation-of-state parameters have been
discussed. The deceleration parameter (¢q) is used to measure the pace at which the expansion of the universe is
accelerating. The equation-of-state parameter (wsmhrde) characterizes the quintessence and vacuum areas of the universe.
All the parameters demonstrate consistent behaviour following the Planck 2018 data. We assess the dynamical stability
by defining the squared speed of sound and examining its behaviour. In addition, the energy conditions and the variation
of Wsmhde and Wi, nae in the model indicate the present accelerating expansion of the universe.

Keywords: Bianchi type-V 1y model; Dark energy model; Brans-Dicke theory of gravity; Cosmology; Sharma-Mittal
holographic dark energy
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1. INTRODUCTION

The phenomenon of accelerated expansion of the universe has been thoroughly demonstrated by several
observations [1]-[3]. Studies imply that the universe is spatially flat and consists of two main components:
dark energy (DE) with negative pressure, dust matter composed of cold dark matter (CDM) and baryons.
To understand the nature of DE, it is necessary to determine whether it arises from a cosmological constant (A) or
a dynamical model. The dynamical DE models may be distinguished from the cosmological constant by using the
equation of state (EoS) parameter wpp = %, where pp g represents the pressure and pp g represents the energy
density of DE. Multiple possibilities for differential evolution have been suggested (Copeland et al. [4]). The data
analysis of SNela demonstrates that these dynamical models are more consistent with the current understanding
of the universe compared to A. An alternative approach involves altering the geometric component of the
Einstein-Hilbert action, which is referred to as modified theories of gravity, to analyze the expansion phenomena.
For a comprehensive examination of DE and modified theories of gravity, please refer to the sources cited as
[5]-[7]. The developments in the exploration of black hole theory and string theory have led to the formulation
of the holographic principle. This principle suggests that the number of possible configurations of a physical
system should be limited as well as that this limitation should be determined by the system’s surface area
rather than its volume. Additionally, the holographic principle suggests that there should be a restriction on
the system’s lowest energy state.

The holographic DE (HDE) is a very intriguing dynamical concept that is founded upon the holographic
principle. The validity of HDE has been evaluated and verified by many astronomical methodologies, including
using the anthropic principle (Huang and Li [8]). Incorporating the holographic principle into cosmology allows
for determining the maximum amount of entropy present in the universe. Li [9] put the following limit on the
DE density, as stated by Cohen et al. [10]

PDE= 3d2m§L_2. (1)

the symbol m,, represents the decreased Planck mass, 3d? indicates a numerical constant, and L represents the
IR-cutoff. Several types of IR-cutoff have been investigated in academic studies, including the Hubble horizon
H~1, event horizon, particle horizon, conformal universe age, Ricci scalar radius, and Granda—Oliveros cutoff
[11]-[12]. The HDE models, using various infrared cutoffs, provide a modern understanding of the universe’s
acceleration. They additionally demonstrate that the transition redshift value, which marks the transfer from
a previous deceleration phase (q>0) to the current acceleration phase (q<0), corresponds with contemporary
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observable data. Nojiri and Odintsov [13] proposed a technique to merge the initial and final phases of the
universe by using generalized HDE and phantom cosmology. They have now expanded this notion to what they
refer to as Hinflation [14]. Various formulations of entropy have been used in recent decades to construct and
analyze cosmological models. Multiple innovative models of HDE have been developed, such as the Tsallis HDE
[15, 16], the Sharma-Mittal HDE (SMHDE) [17], and the Renyi HDE model [18]. Numerous researchers have
evaluated different cosmological models of new HDE models [19]- [30]. Jawad and Sultan [31], Sharma [32], and
Drepanou et al. [33] have investigated SMHDE models within different gravitational theories. The researchers
Sadeghi et al. [34] examined the dynamic formations of HDE within the framework of Brans-Dicke’s theory of
gravity, using the Tsallis and Kaniadakis methodologies.

In the last few decades, universes that are both spatially homogeneous and anisotropic have attracted a
lot of attention from theoretical cosmologists. According to Akarsu and Kiline [35], the main empirical data
from CMBR (Bennett et al. [36]) supports the idea that the universe is transitioning from a non-uniform to
a uniform phase. Moreover, it is believed that the isotropic FRW model may not provide a complete and
correct picture of matter in the early universe. It is essential to take into account anisotropic space-times
to objectively evaluate cosmological models for their ability to attain the observed degree of homogeneity and
isotropy. Because of its anisotropic character, researchers have given a lot of attention to homogeneous but
not necessarily isotropic Bianchi type (BT) cosmological models. In the framework of anisotropic Bianchi type
space-times, several renowned researchers have recently proposed fascinating cosmological models that include
DE. several researchers (Ref. [37]-[49]) have looked at anisotropic cosmological models in various scenarios.

In this work, we take into account the BT-V I universe filled with matter and SMHDE within the framework
of Brans-Dicke’s theory of gravitation, motivated by the previously mentioned findings and discussion. This
paper’s work is organized in the following way: Section-2 contains the BT-V Iy metric and field equations of the
model using anisotropic SMHDE fluid and matter. In addition, we constructed the SMHDE model and found
the solutions to the field equations in section-3. Various cosmological parameters that constitute our model are
presented in section-4. In the last section, we derive a few conclusions based on our results.

2. METRIC AND FIELD EQUATIONS
The Brans-Dicke [50] field equations in the presence of matter and DE are given by

1 _ = _ 1 _
R;; — iRgij = —8m¢p~ " (Ty; + Tij) —wo™> (¢,z‘¢,j - 29¢j¢,k¢’k> —¢! <¢z’;j - gij¢§£) ; (2)
and _
¢ =8 (T+T)(3+2w)".
Also, the energy conservation equation is

)

(r947%) o ®

The energy-momentum tensor for the matter and DE are respectively defined as

Tij = PmUiUy, T‘m = (psmhde +psmhde)uiuj — Psmhdedij- (4)

Here py,, psmhde are the energy densities of matter and the dark energy respectively. psmnde is the pressure of
the dark energy. In a comoving coordinate system, from equations (4), we get

—1 —=2 —3 —4
TP = T3 = T3 = —Psmhde, Tt = psmhde ; T1=T5=T5=0T,=pp (5)

where P, Psmhde a0d Psmnde are the functions of cosmic time ¢ only.
We consider the geometry of the universe as spatially homogeneous and anisotropic BT-V I line element
which can be written as
ds*=dt? — A%da?® — B%e*dy? — C?e 2"d2?, (6)

where A, B and C are functions of cosmic time ¢ only. The following are the some of physical parameters which
are useful in finding the solution of field equations for the BT-V Iy space-time given by Eq. (6). The average
scale factor a(t) and volume V of the BT-V I space-time are defined as

V=la(t)]’=ABC. (7)

Anisotropic parameter Ay is given by

m:éi (H;H) ®)

i=1
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where leé,HQ:%,ngg are directional Hubble’s parameters and H:% (% + % + %) is mean Hubble’s
parameter. Here and after an overhead dot denotes differentiation concerning cosmic time ¢. Expansion scalar
(0) and shear scalar (02) are defined as

i B ¢
H—U;i—z + B + C (9)

(10)

. 1 (A2 B2 C* AB AC BC
973\ 22" B2 AB AC BC

where u;= (1,0,0,0) is the four-velocity in the comoving coordinates. The deceleration parameter is given by

q:% (;j) Y (11)

In the comoving coordinate system, with the help of (5), the field equations (2) for the metric (6) can be
written as

i*g Ag‘y+Zﬁ+ (‘%>+i::‘%%mﬁmme (19
g - g = 0 (16)
b+ ¢ (A g g) = ﬁ(psmhde — 3Psmhde + Pm)- (17)
Also the energy conservation equation (3) can be written as
Pm + (ﬁ + g + g) (Pm + Psmhde + Psmhde) + Psmhde =0 (18)

where an overhead dot denotes differentiation with respect to time ¢ and EoS parameter of DE is wgsmhde =

2’3"‘722'5. From (16) by taking the integrating constant as unity, we get

C=B (19)

Using equation (19), the field equations (12) to (17) reduce to

g+gz+1+zjj§+ ig+z - 4377% (20)
dn () )
b+ <j + 2§> + = G+aw) f;w) (psmhde — 3Psmhde + Pm)- (23)
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3. MODEL AND COSMOLOGICAL PARAMETERS

The field equations (20)-(23) form a set of four distinct equations involving six variables:
A, B, psmhde> Wsmhde, Pm, and ¢. To get a deterministic outcome for the nonlinear field equations in our model,
we impose the following reasonable physical constraints. we consider the fact that expansion scalar 6 is directly
proportional to shear scalar ¢ which leads to a relation between the metric potentials as follows

B=A* (24)

k represents a positive constant that accounts for the anisotropy of space-time. Collins et al. [51] have de-
termined that in a spatially homogeneous space-time, the normal congruence to the homogeneous expansion
adheres to the constraint that the ratio of the shear stress (o) to the Hubble parameter (H) remains constant.

In addition, it is common in the literature to employ a power-law relationship between scalar field ¢ and
average scale factor a(t) of the form (Johri and Sudharsan [52]; Johri and Desikan [53]) ¢ o [a (t)]" where n
denotes a power index. Many authors have looked into different aspects of this type of scalar field ¢. Given the
physical significance of preceding relationship, we employ the following assumption to reduce the mathematical

complexity of the system
o(t) = ¢ola(t)]". (25)

Using the relations (24) and (25) in Eqgs. (20) and (21), we obtain the metric potentials as

2 5
A =[5 - 28 B =co = (- 42 (26)

where ko = —2-, n = 3268 " A, is an integrating constant. The scalar field of the model is

1-k> 2k+1°
T n(2k+1)
2 0 ¢
t) = - — 27
o) = oo (2 - 42) (27)
Now metric (6), with the help of metric potentials in Eq. (26), can be written as
ko t? A ko t? Ap\"

ds? = dt? — (2 - 20 ) da? - (2 - 22 (ePdy? 4 e Fd2?). (28)

4 kg 4 k?

Eq. (28) represents a spatially homogeneous and anisotropic BT-V Iy SMHDE model within the framework of
Brans-Dicke theory of gravitation with the following physical parameters. The average scale factor a(t) and
volume V' (t) of the model are, respectively, given by

2k+1
kat? A\ °
V(t) = a(t)® = -== 29
(0 =atep = (4 - (20)
The average Hubble’s parameter H and expansion scalar 6 are obtained as
2 Ag -
H=30=2k+1)kot|3kot —12k— . (30)
2
The shear scalar 02 and average anisotropic parameter A; are given by
k3 (k —1)% 2(k — 1)
2= 3( ) . A= ( ) (31)

3(@#4%)2 ’ (2k +1)*

From the above parameters it is observed that both the spatial volume and average scale factor of the
universe exhibit the expansion of the universe. Furthermore, during the first epoch, which is when ¢t= 0, all
values become finite. However, as ¢ approaches infinity, they diverge. It is worth mentioning that when k=1,
the model becomes shear-free and isotropic, as shown by the conditions 0= 0 and A,= 0.

As a dynamical DE component, we assume Sharma-Mittal holographic DE. It is defined by (Sharma and
Mittal [54]) and is formulated using Sharma-two-parametric Mittal’s entropy

d

1 5K\ ©
Ssnr = — (1+“> —1], (32)
dy
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where k = 47L? and L represents the IR cutoff. R and § are two free parameters in this case. At the
appropriate d; limits, Renyi and Tsallis entropies can be recovered. Sharma-Mittal entropy is transformed into
Renyi entropy in the limit d; — 0, and Tsallis entropy in the limit d; — 1 — §. According to Cohen et al. [10],
the relationship between the system entropy and the IR and UV cutoffs yields the energy density

3385

Pde = TRt (33)

Using the above equation and the Hubble horizon cutoff L = %, we can calculate the energy density of the
Sharma-Mittal HDE model (Jahromi et al. [17]) as follows:

dy
3diH* om\ °
oo = 258 (1+”) 1), (34)

871'd1 H2

where C? denotes the free parameter. Using Hubble parameter H(t) in the above Eq. (34), we get the energy
density of SMHDE of our model as

dy
2 rE
3d3 ((2k + 1) ko t)* o (3 ko t? — 12%’)
Pde = i+ . 1. (35)
8nd, (3 ko £2 — 12 %) (2k+1) k2 )
2

Using Egs. (34), (27) and (26) in Eq. (15), we get the energy density of matter as

2 L 2,2 27, 2,2 2 -1
%(/m Ao) s { 2h°0k Kk _(k:gt_Ao>

Pm =

) 4k 2 ? 4k
™ 2 k2t2*4%’> <k2t274%’) ?
2.2 (2 k 12t2 kot +2kkot A !
_wnthy” 2k +1) 5 +nky (2k+1)t H_—AQ (3/€2t2—12k0)
2<3k2t2—12%> (k2t2_4k—§> 2
a1
do? (2% +1)* ko1t A\*) °
3dy” (2k +1) ko 10T (3pr 12 —-1]. (36)
1 27, 249 k
(3k2t2 —1242) 87y (2h+ 1)kt ’
2

Using Egs. (34), (27) and (26), from Eq. (20) and (21) we obtain the EoS parameter of SMHDE as

n(2k+1) 4 9
oo dy kat? Ay 6 9 A 3k2ky 12
Wsmhde = — 2 R - — 3kot® — 12— —
3do® 2k + 1) ko*'4 \ 4 ke ka2 (M_@)
4 ko
3kky 16(k2k262 — kko2t2) — k262 k2ko%t2 + kK3t wn2ko? (2k 4 1)° ¢
2 2 2
(a-a)  ws(mE-g) (eeoag) (he-ng)
+nz(2k+1)2kz%2+ 2nky 2k+1)  n(2k+ 1)k’
72<k24t2 _%>2 (3k2t2_12%20) 12(k24t2 _%;)2
ﬂ —1
9 5
ko (2k+1)t)(kot + 3kkot 2k+1)"26
(ks 21+ 1))kt + n} PPN CLES Ve 1| . e
3 (k;2 24 %) (3 ko t2 — 12 %) ko282

4. PHYSICAL DISCUSSION

This section examines the expansion of the universe by analyzing cosmological parameters such as the
scalar field, EoS wgmnde, squared sound speed v2, deceleration g parameters, and the wgynde — wl 4. Plane for
the anisotropic SMHDE model.

Scalar field: Figure 1 indicates the behavior of the scalar field in terms of cosmic time for various values
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of parameter k. The scalar field exhibits a positive value and experiences a steady decline throughout its de-
velopment. The decreasing nature of the scalar field indicates the increasing pattern of kinetic energy in this
model. Furthermore, we have seen that when the parameter k increases, the scalar field decreases.

EoS parameter: The equation of state parameter (w) is often used for classifying the many phases of the
expanding universe. The EoS parameter, represented as w:%, is a measure of the relationship between pressure
(p) and energy density (p) of a given matter distribution. The decelerated and accelerated phases consist of
the following time intervals: Decelerated phases, such as those involving cold dark matter or dust fluid (w
is zero), indicating the radiation era for (w is between 0 and 1/3), and the fluid is characterized as stiff for
w = 1. Accelerating phase, such as the cosmic constant/vacuum period (w is -1), which corresponds to the
quintessence period (when —1 < w < —1/3), it is known as the phantom era (w < —1), indicating a quintom
period characterized by the mixture of both quintessence and phantom components.

The EoS parameter of SMHDE with Hubble horizon cutoff is given in Eq. (37). In Fig. 2, we inves-
tigate the evolution of EoS parameter wgsmnde in terms of cosmic time ¢ for different values of k. Fig. 2
shows that initially wsmnde starts from DE era, varies in quintessence region —1 <wsmpde< — 1/3 and phantom
region Wgmrge < —1. As the parameter k increases the EoS parameter of our model enters into phantom region.

---k=0.77
—k=0.78
- - -k=0.79

— ---k=0.77
o T~ ——k=0.78| | 02|

04

06

Scalar field ¢(t)
EoS Parameter

| 42 I I I I I I
240 1 1 1 1 1 I 0 2 4 6 8 10 12 14

0 2 4 6 8 10 12 14 Time t (Gyr)
Time t (Gyr)

Figure 2. Plot of EoS parameter versus cosmic time
t for Ay = —3900.69, § = 1.5, dy = 4.5, do = 2.2 and
w = 75000.

Figure 1. Plot of scalar field versus cosmic time ¢
for Ag = —3900.69 and ¢y = 1750.

Squared sound speed: The squared speed of the sound parameter is defined as

2 psmhde Psmhde
Vg= =Wsmhde T =

. wsmhde . (38)
Psmhde Psmhde

The sign of this parameter is essential when considering the stability of DE models. The stability of the DE
model is determined by the positive signature of v2. If the signature is negative, the model becomes unstable. By
substituting the energy density and EoS parameter from equations (35) and (37) into the equation for squared
sound speed (v2) provided by equation (38), we do a graphical analysis of v? for our model. Figure 2 illus-
trates the relationship between the square of the velocity, denoted as v2, and the time t. The trajectories exhibit
positive behaviour throughout the model’s development. Therefore, this demonstrates the stability of our model.
wsmhdefwgmhde plane: We examine the wsmnde — Whypqe Plane, where w;mhde represents the rate of change
of the EoS parameter wg,nhde concerning the natural logarithm of the scale factor 'ln a’. Caldwell and Linder
[65] propose using this framework to examine the cosmic evolution of the quintessence DE scenario. More-
over, it has been observed that the wgmhge — W' plane can be separated into two distinct areas: thawing

smhde
(Wemhde< 0, wh;..> 0) and freezing (wWsmnde< 0, W’ < 0). The freezing zone exhibits a more accelerated

smhde
phase of cosmic expansion in comparison to the thawing area.

Figure 4 depicts the relationship between the wgmnge — Wi, nqe Plane and various values of k. Figure 4
demonstrates that the wgmnde — W, 540 Plane represents the area where freezing occurs, regardless of the specific
parameter values. Modern cosmological data suggest that the freezing zone exhibits a phase of increased cosmic
acceleration in contrast to the thawing area. Hence, the wgmpge — W' plane of our model exhibits cosmic

. . . ) smhde
acceleration inside the freezing region.
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75000.

Energy conditions: The Raychaudhuri equations initiated the exploration of energy conditions, playing a crucial
role in analyzing the alignment of null and time-like geodesics. The energy conditions are used to illustrate other
universal principles about the dynamics of intense gravitational fields. The often observed energy conditions are
as follows:

Dominant energy condition (DEC): psmnde = 0, pPsmhde T+ Psmhde > 0.
Strong energy conditions (SEC) : psmhde + Psmhde = 0, psmhde + 3Dsmhde = 0,

Null energy conditions (NEC): psmnde + Psmhde = 0,
Weak energy conditions (WEC): psmhde > 0, psmhde + Psmhde = 0,

Figure 5 illustrates the energy conditions of our SMHDE model. It is seen that the WEC satisfies the
condition pgmpde > 0. Also, Fig. 5 demonstrates that the SEC pgmnge + 3Psmhde > 0 is not fulfilled. This
phenomenon, resulting from the universe’s acceleration in its latter stages, aligns with current observational
findings.

0 T
---k=0.77
6F - P, 7
smhde 2 k=0.78
" Psmhde * Psmhde - -k=0.79
sk 4
R af
Psmhde ~ Psmhde =
@ 4 Psmnde * FPsmhde g s
c Q
S 2
:
T 3 8
c
5 s
o [
>, Qo
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2 2
wo b 5 2t
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of ] §
=]
16—
a4k 4
-18
2 L i
2 4 6 8 10 12 14 H
) 20 L il L L L L
Time t (Gyr) 0 2 4 6 8 10 12 14

Time t (Gyr)
Figure 5. Plot of energy conditions versus cosmic
time t for Ag = —3900.69, § = 1.5, d; = 4.5, dy =
2.2 and w = 75000.

Figure 6. Plot of deceleration parameter versus
cosmic time ¢ for Ag = —3900.69.

Deceleration parameter: The expansion of the universe may be determined by using the dimensionless cosmo-
logical parameter referred to as the deceleration parameter (DP). When DP has positive values, the model slows
down in the usual manner. However, when ¢ is equal to zero, the model grows at a consistent pace. The model
demonstrates accelerated expansion when the value of ¢ is between —1 and 0, and a super-exponential expansion
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when ¢ is less than —1. Using Eqgs. (11) and (30), we get the deceleration parameter can be calculated as

C3kt2 + 12 407 (30)
TRkt ) ke
Figure 5 displays the behavior of the deceleration parameter ¢ in terms of cosmic time ¢ for different values of
k. Tt is important to mention that our model is accelerating throughout the evolution of the model and which
is consistent with the recent observational data.

5. CONCLUSIONS

The accelerated expansion phenomenon of the universe has got much attraction with the passage of time.
Upto now, many approaches have been adopted for explaining this phenomenon with variety of dynamical DE
models and modified theories of gravity. Here, we reconsider the expansion phenomenon in the Brans-Dicke
scenario leads to an accelerated universe. Thus, we have considered the Sharma-Mittal holographic dark energy
within the context of anisotropic Bianchi type-V I space-time in Brans-Dicke theory of gravitation. In this case,
we have assumed the Hubble horizon as the infrared cutoff. We have examined well-recognized cosmological
parameters, including the equation of state, deceleration, squared speed of sound parameters and wgmnhrde —
Wl nae Plane. Our findings have been condensed into the following summary:

The scalar field exhibits a positive value and experiences a steady decrease throughout its development.
The decreasing nature of the scalar field indicates the increasing pattern of kinetic energy in this model.
Furthermore, we have seen that when the parameter k increases, the scalar field decreases. The EoS pa-
rameter wgpmpge of the SMHDE model initially starts from the dark energy era and varies in quintessence
region —1 <wgmnde< — 1/3 and finally it becomes less than —1, which means the model approaches phan-
tom region at late times. We have made a comparison of our results with present Planck collaboration data
[56] where the limits on the EoS parameter are given as wge= — 1.5670 5% (Planck + TT + lowE), wge= —
1.58%05 (Planck + TT, TE, EE + lowE), wge= — 1.5770:50 (Planck + TT, TE, EE + lowE + lensing), wge= —
1.04%0 10 (Planck + TT, TE, EE + lowE + lensing + BAO). It can be seen that the results for the EoS param-
eter of our model are consistent with the Planck Collaboration data. The wgmpde — w;mhde plane depicts the
area where freezing occurs for all three parameter values. Modern cosmological measurements indicate that the
freezing zone reveals a period of greater cosmic acceleration compared to the thawing region. Therefore, the
Wsmhde — Whmnae Plane of our model demonstrates cosmic acceleration in the freezing area and aligns well with
the facts. The paths of the wsmnde — W, pae Plane, as predicted by our model, align with the observed data
(57, 58] Wamhde=—1.137022 o/ . . < 1.32 (Planck+ WP +BAO). The squared sound speed trajectories exhibit
positive behaviour throughout the evolution of the universe and hence our model is stable. Our model violates
the SEC regulations and this phenomenon resulting from the universe’s acceleration in its latter epochs aligns
with current observational data. Our model demonstrates an accelerating expansion of the universe throughout
the evolution of model.
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KOCMIYHI ACITEKTY I'OJIOTPA®IYHOI MOJEJII TEMHOI EHEPTITI
IIIAPMA-MITTAJIA B TEOPII I‘PABITA]_[Ii BPEHCA-AOIKKE
IO. Anirea?®, 1. Temxemsapapao?®, ¥.JO. JIis’sa IIpacanTi®
¢ Jlenapmamenm Gyndamenmarvnus ma 2ymanimaeprux nwayx, Ternosozivnud inemumym GMR,
Padorcam-532127, Indis
b Paryavmem emamucmury ma mamemamury Koaedocy cadienuvymsa, Ynisepcumem pocauwnuymea Dr.Y.S.R.,
Hapsamunypam-535502, India

Mwu nocaimKy€eMo KOCMOJIOTIYHMIA CIIeHApiil i3 IPOCTOPOBO OMHOPIAHUM i aHI30TPOIHUM IPOCTOPOM-dacoM tuiy B’sHki
V Iy B xouTekcti rosorpadiuaoi Mmomesi Temuol eneprii Illapma-MirTtana B pamkax Teopil rpasitamnii Bpanca-/likke. s
JOCATHEeHHs Ti€l MeTn OOroBOpIOBaINCS Xab0JI, YIIOBLIbHEHHs, TTapaMeTpH PiBHAHHSA cTaHy. [lapamerp ymoBiabHEHHS
(¢) BUKOPHCTOBYETBCH M/ BUMIDIOBAaHHS TEMILY, 3 SKHM NPUCKOPIOEThCA posmmpenHs Bcecsity. Ilapamerp piBHsHHS
crany (Wsmhde) XapaKkTepu3ye KBiHTECEHI{IO Ta BakyyMui obsacti Beecsity. Yei napamerpu IeMOHCTPYIOTH y3TOJKEHY
OB IIHKY BignoBigmo 10 maumx Planck 2018. Mu ominoeMo nuHaMidgHy CTaGl/IHHICTH, BUBHAYAIOYN KBAIPAT MIBUIKOCTI
3BYKY Ta JOCTIiIXKYIOUH HOTO TOBEAIHKY. KpiM TOT0, eHepreTHtHi yMOBY Ta Bapiallid Wsmhde | Wamhde Y MOJIEI BKa3yIOTh
Ha IOTOYHEe IIPUCKODPEeHe po3mupenHsa Bceecsity.
Kurouosi cinoBa: wmodeav muny Bianchi-V Iy; modeav memnoi enepaii; meopia 2pasimauii Bpenca-/lixke; K0cM0n0255;
2oa02pagiuna memna enepzia Ilapma-Mimmana
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