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We give a brief review of a spatially homogeneous and anisotropic Bianchi Type-I cosmological model with varying gravitational
constant G(f) and cosmological term A(f). The Einstein field equations are solved by considering a time-dependent deceleration
parameter(DP) and barotropic equation of state (EoS) p = Wp. The model universe is fit with a scale factor of the form a(z) =
(eA{C’ - l)l/éC which provides a smooth evolution from a decelerating to an accelerating phase of cosmic expansion. Analytical
expressions for the pressure, energy density, G(7) and A(r) are derived and their variations with redshift are analyzed. The behaviour
of cosmological parameters such as the Hubble function H(z), deceleration parameter g(z), jerk parameter J(z) and Om(z) diagnostic
are examined. The present values Hy = 67.1 12’:?)1?‘}9 kms~! Mpc‘l, qo = —0.2926 and transition redshift z; = 0.8626 are obtained,
consistent with recent observations. Overall, the proposed variable G and A Bianchi Type-I model provides a coherent description of
the universe’s transition from deceleration to acceleration, consistent with 46 OHD.
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1. INTRODUCTION

The question of the universe’s size has been persistently explored by many authors, while the vast beauty of the universe
often defies explanation even by renowned researchers. Numerous questions remained unanswered after Newton’s era.
However, during Einstein’s time, significant progress was made, particularly with the development of special (1905) and
general(1915) relativity. Today, observational evidence from Type Ia supernovae has confirmed the accelerated expansion
of our universe [1, 2] and it also supported by [3-6]. Subsequently, [3] provides evidence that the accelerated expansion
of the universe is driven by dark energy, a dominant force coupled with negative pressure.

The study of cosmological models has seen considerable advancements, particularly with the integration of the
cosmological constant (A) and the gravitational constant (G) as dynamic variables, extensively explored in the FRW
framework and other models by numerous researchers. The cosmological constant (A), initially introduced by Einstein
to describe a static universe [7], has since been reinterpreted as a representation of dark energy, driving the universe’s
accelerated expansion, as evidenced by Type Ia supernova observations [1, 2]. Dirac [8] first introduced the idea of a
variable G in what he termed the Large Number Hypothesis. Since then, various studies have been conducted on modified
general relativity theories incorporating this variation in G. In evolving models, A is often treated as a time-dependent
variable, allowing for a more flexible representation of cosmic dynamics [9, 10]. Similarly, changes to the gravitational
constant (G), traditionally assumed to be invariant in Newtonian and Einsteinian physics, have been proposed within
scalar-tensor theories and other alternative gravitational models [11, 12]. Allowing G to vary over time in anisotropic
models, such as Bianchi Type I, provides profound insights into the dynamics of the early universe [13]. Singh and
Meitei [14] investigated optimal dynamics of the evolution of viscous fluid string universes in the presence of a variable
A cosmological term in a anisotropic higher dimensional model.

Furthermore, numerous authors have contributed extensively to the study of G and A in various types of models. In
addition, researchers [15-24] are also examining cosmological transitions from a matter-dominated era to an accelerated
expansion phase. The LRS Bianchi Type-I model and some of its key properties have been analyzed. Recently, cosmological
models with domain walls in f(R,T) gravity have been investigated. Furthermore, dark energy models in f (R, T) theory
with a variable deceleration parameter have been explored. Cosmological models in f(R,T) gravity with A(T) in a
general class of Bianchi space-times have also been discussed. Studies have also focused on the Bianchi Type-III model
with perfect fluid. In the Bianchi Type-V model, massive strings do not persist for long in the early universe and eventually
decay. New cosmological models have been proposed within the modified f(R,T)-gravity theory in a variable A(T)
scenario.
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2. MODEL AND SOLUTION OF FIELD EQUATIONS
The spatially homogeneous and anisotropic Bianchi-I space-time is characterized by the following line element

ds® = —d® + S3(1)dx* + S5(1)dy* + S3(1)dZ>, (1)

where S1(2), S2(¢) and S3(t) are the metric functions of cosmic time z.

We denote a = (51525 3)% as the mean scale factor, allowing the generalized Hubble parameter in anisotropic models
to be expressed as
i 1(S; S S
H=2= (22422423 @)

a 3\S 1 SQ S 3

where an over dot denotes derivative with respect to the cosmic time 7.

The directional Hubble parameters along the x, y and z axes can be expressed as

Hi="2 Hy=2,H="2

==, 3
Si S2 S3 )

The Einstein’s field equations with time-dependent G and A are given by

1
Rij - Egin = -8rG()Tij + A(1)gij, @

where T;; represents the stress-energy tensor of matter, which for a perfect fluid, takes the form

Tij = (p + p)ujuj + pgij, )

where p denotes the matter density, p represents the thermodynamic pressure, and u’ is the four-velocity vector satisfying
u'u; = —1. In the field equations (4), A represents the vacuum energy.
In a co-moving coordinate system, the field equations (4) for the anisotropic Bianchi type-I spacetime (1), under the
conditions of (5), are given by
Sy 83 558,

= —87Gp + A, 6
S, TS T ss,  rert ©
S5 ST S3S)
232 20 i Gp + A, 7
S3+Sl+S351 nGp + 7
Si S 515
—+ =+ — =-81Gp +A, 8
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S1S2 583 838,
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The covariant divergence of (4) yields
G A

»+3(p+p)H+p—=+-—=0 10
PH3p+p)H+pm+ o m (10)

The usual energy conservation equation le] =0, leads to
p+3(p+p)H =0. (11)

The field equations (6)-(9) involve seven unknown variables, namely S1, S», S3, p, p, G, and A. Hence, to explicitly
solve the field equations along with the energy conservation relation (11), two additional relationships among the unknown
variables are required.

Using a = (8 SZS3)%, equations (6)-(8) yields

S
o diexp (x1 / a_Sdt) s (12)
Y]
St drexp (xZ/ a_3dt), (13)
S3
S
22 _ dyexp (x3 / a3dt) , (14)
S3

where dy, x1, da, x2, d3 and x3 are constants of integration.



16
EEJP. 1 (2026) Asem Jotin Meitei, et al.

We assumed the deceleration parameter in the form[25]

ad e
= —_— = - —_— 1
1= % 1 +aé’ (15)
where ‘a’ is the scale factor and £, is arbitrary constant. So, equation (15) becomes
a= (Ml )7, (16)
where A is the integration constant.
Using equation (16), equations (12)-(14) becomes (by taking d; = d» = d3 = d and x; = xp = x3 = x)
2 (h()E ()
1) & f(t
Sy = 4| d2 (h(1) /% exp [ = 17
| J (h(a) 14 exp | = a7
20 (h(1) & £ (1)
t)) ¢ t
S5 =1| d2 (h(1)"/% exp | = (18)
’ J S TP
1 (h) & £ (1) 2 (h(1) & (1)
—X t)) s 1)\ 3 1/Ze x (n(r)) ¢ t
S3=—ex d? (h(t))"/% ex (19)
T p( A3 N R R TP )

L
Another assumption in our model is the equation of state (EoS) of the form p = Wp. By using this relation, we can

obtain the pressure and density through the equations (11) and (16).

where, f(1) = 2F; (1, €39 %;1 - eA’-ff) and h(t) = eA%! — 1

_3k(W+1D)

p=Wp=W (1 - e%f) “ (20)

where k is arbitrary constant.
Then we get G(¢) and A(¢)

1 SUeend) [ Agu 6/Zc .2 2
= —_— Zc . Sc c _
GO = Tor 1) [(h(r)) A2 (n() 4 = 262 (h())
(2D
3 3k(y+l)
+5Axee! (h(z)).zc”) (1 - eAfcf) “ l
1 2(4c+3)
A(f) = h T A2t (N4 [(W + 1)elét —2 ;
(0 3<W+1>l( (1) ( AT (1) (W + 1)t -2z,
(22)
F2AW - Axere (h(1) & + 422 (h(1))? )l
3. ANALYSIS OF COSMOLOGICAL PARAMETERS:
The relationship between the scale factor a(¢) and the redshift z is given by
ao(1)
1 =—=, 23
+ (1) (23)
where ag(z) = 1 is the present value.
Using equation (16) we get
1 +1)7% +1
(G2 ) 24)

Al
Using equation (24), the variations of pressure (p), energy density (p), gravitational term (G (¢)), and cosmological term
(A(t)) with respect to redshift (z) are shown in Figures 1 to 4 for the values A = 33.2, /. = 1.4148, k =7, W = —-0.34,
W = —0.35, and W = —0.36. The pressure analysis reveals that our model universe expands with dark energy, and at
present (z = 0), the pressure is negative and varies with different values of W. In the later stages, the pressure tends to
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zero. Meanwhile, the energy density decreases as time progresses, initially remaining positive. At present (z = 0), the
energy density p is a small positive value and eventually approaches zero.

In our proposed model, the gravitational coupling is more appropriately interpreted as an effective quantity Gg (1) =
Go + G (1), where G is a constant baseline gravitational coupling and G (¢) is a time-dependent contribution arising from
the underlying dynamics of the theory. At the initial stage, the dynamical part G (¢) tends to zero, so that gravitational effects
are effectively suppressed relative to other interactions, without implying the literal absence of gravity as a fundamental
interaction. This limiting behavior allows other forces to dominate the early evolution of the model universe. After some
time, including the present epoch, G (¢) becomes negative, leading to a reduced or partially repulsive effective gravitational
coupling and suggesting a “negative gravity”’—like phase associated with exotic matter and dark energy. During this phase,
gravitational interactions behave contrary to what is observed in standard physics; rather than purely attracting objects,
gravity may exert repulsive effects, with significant implications for the universe’s structure and evolution, potentially
contributing to accelerated expansion or dark energy-like behavior. Finally, at later times, G () becomes positive again,
so that G(7) is dominated by the baseline term G and remains positive; in this phase, gravity is attractive and shapes
the formation of cosmic structures such as galaxies, stars, and planets, and the present positive value of G.¢() leads to
gravitational collapse of matter and regulates the dynamics of the universe on both small and large scales, as shown in
Fig. 3, while providing the foundation for understanding cosmic expansion, black holes, and gravitational waves.

In our model universe, the value of A is positive during the early stages and decreases when time increases,
representing a repulsive force that pushes accelerated expansion. The behavior of A is linked to a high energy density,
similar to the inflationary field. In the current time, A remains a positive value, indicating the dominance of dark energy
and ongoing model of the universe’s accelerated expansion. However, during certain late epochs shown in Fig. 4, A
becomes negative, presenting an attractive force that slows the expansion. At later times, A returns to a positive value,
reflecting the dominance of dark energy and the resulting accelerated expansion of the proposed model universe.

3.1. Analysis of Hubble Function:

To study the rate of cosmic expansion of the universe, we examine the behavior of the Hubble parameter. Since the
Hubble parameter as a function of redshift (z) provides essential insights into the universe’s expansion rate over cosmic
epochs, it reveals key aspects of its dynamic evolution. Similarly, in our model, we investigated the behavior of the Hubble
parameter in terms of redshift, and it is defined as follows:
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B 1 dz
H(z) = “Oxoar (25)
by using eqn. (24)
H(z) = %Ho ((z + )% 4 1) : (26)

where H is the present value of Hubble parameter

Fig. 5 shows that the error bar plots of H(z) dataset the best fit vs. redshift z of the proposed model. And in Fig. 6, we
illustrate the variation of the Hubble parameter concerning z as described by equation (26). In our proposed model, H(z)
is a decreasing function, indicating a slowing expansion rate. The present value of the Hubble parameter is determined
to be Hy = 67.112*0%%kms~'Mpc~'. Additionally, we have utilized a dataset of 46 Hubble parameter measurements,
H(z), over redshift z, including their associated errors, as detailed in Table 1.
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Figure 6. Variation of H vs z.
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Table 1. 46H (Z) data Hubble Chart

z | H°PS(2) oy | Reference

0 67.77 1.30 [27]

0.07 69 | 19.6 [28]
0.09 69 12 [29]
0.1 69 126 [27]
0.12 68.6 | 26.02 [28]
0.17 83 8 [27]
0.179 75 4 [30]
0.1993 75 5 [30]
0.20 729 | 29.6 [28]
0.24 79.69 | 2.65 [28]
027 77 14 [27]
0.28 88.8 | 36.6 [28]
0.35 82.7 8.4 [31]
0.352 83 14 [30]
0.38 81.9 1.9 [32]
0.3802 83 13.5 [31]
0.40 95 17 [29]
0.4004 77 | 10.2 [33]
0.4247 87.1 11.2 [33]
0.43 86.45 | 3.68 [28]
0.44 82.6 7.8 [34]
0.44497 92.8 12.9 [33]
0.47 89.0 | 49.6 [35]
0.4783 80.9 9 [33]
0.48 97 60 [27]
0.51 90.8 1.9 [32]
0.57 924 4.5 [36]
0.593 104.0 | 13.0 [37, 38]
0.60 87.9 6.1 [34]
0.61 97.8 2.1 [32]
0.68 92 8 [30]
0.73 97.3 7 [34]
0.781 105 12 [30]
0.875 125 17 [30]
0.88 90 40 [27]
0.9 117 | 239 [27]
1.037 154 20 [28]
1.3 168 17 [27]
1.363 160 | 33.6 [39]
1.43 177 18 [27]
1.53 140 14 [27]
1.75 202 40 [39]
1.965 186.5 | 50.4 [28]
2.3 224 8 [40]
2.34 222 7 [41]
2.36 226 8 [42]

Our model has been compared with the standard ACDM model using the recent Hubble constant measurement,
Hy =67.36+0.54kms™ ' M pc‘l, from the Planck 2018 results [26]. To constrain the model parameters, we minimize the
Chi-square value, Xﬁlin’ which corresponds to the maximum likelihood analysis and is expressed as follows:

46 Hobs l__ch ; 2
xéH=Zl[ (Z(T)(Zi) S @7)

here, OH refers to the observational dataset of Hubble parameters. H obs and H'™™ denote the observed and theoretical
values of H, respectively. o (z;) represents the standard error associated with the measurement of H at redshift z;. Based
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on the data, the Hubble error bar plots for the H(z) dataset show the best-fit comparison against redshift z for the proposed
model and the ACDM model. In our model universe, the Chi-square value is Xé H = 34.084162, with a minimum

Chi-square value of ymin? = 0.000004.

3.2. Analysis of q(z) of the model:

The deceleration parameter is expressed as a function of redshift:

e

“Grn a1 ! @

q

The geometric evolution of ¢(z) is illustrated in Fig. 7, with its mathematical expression given by equation (28). It is
evident that ¢(z) is an increasing function of z, featuring a signature-flipping point (transition point) within the redshift
range 0 < z < 4. The present value of the deceleration parameter is estimated as go = —0.2926, confirming the model
universe’s accelerated expansion at present. We have determined the transition redshift z; = 0.8626, which indicates that
our proposed universe starts accelerating its expansion for z < z, while it was in a decelerating phase of expansion for z >
z¢. Here, the universe’s past evolution is represented by a positive value of z > 0, its present state is marked by z = 0, and
its predicted future evolution is depicted by a negative redshift, z < 0.

q > 0 (Decelerating phase)

0.2f
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0.0
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q (z=0)=-0.2926
_03 L
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Figure 7. Variation of g vs z.

3.3. Analysis of Jerk parameter J(Z):

The third time derivative of the universe’s scale factor with respect to cosmic time is defined in [43] as:

d
J(2) = q(2) +29(2)* + (1 + z)%. (29)
Using equations(28), equation (29) becomes
o Lo _ Lo
S Gelbet Qe=3E+ D& -3) @r e 0

((z+ D& + 1)2

Using jerk parameterization, [37, 43—45] propose an alternative approach to describe cosmological models within
the ACDM framework. The constant jerk parameter J = 1 characterizes the ACDM model. Deviations from J = 1 can
serve as a criterion to distinguish between dark energy models, as any divergence from J = 1 would support models other
than ACDM. Consequently, the jerk formalism provides an effective means to quantify departures from ACDM. From
Fig. 8 and equation (30), our model suggests J = 0.37 at z = 0 and J = 1 at z = —1, and indicating that our universe is
undergoing late-time expansion, as also supported by [43, 44]. Therefore, we conclude that our model aligns with ACDM
at late times.
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3.4. Analysis of Om(z) parameter:

The Om(z) parameter is a diagnostic tool in cosmology, aiding in analyzing the universe’s expansion history and
distinguishing between dark energy models and measure deviations from a cosmological constant A. As described in [46],
the Om(z) parameter is defined as:

-1

H
Oom(z) = —>——— (31)
(z+1)3 -1
Using equation (26),
1 ey 1) =
g+ e+ 1) -1
Oom(z) = G-l (32)
0.6 :
Om(z=0)=0.75
N 04} |
£
@)
Om(z=0)=0.4667
0.2f |
0.0f :
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

z

Figure 9. Variation of O,,(z) vs z.

Fig. 9 and equation (32) illustrate the variation of the Om(z) parameter with respect to redshift z. It is observed that
in our model, the Om(z) parameter evolves with positive values in the redshift range z € [—1, o0). For the standard ACDM
model, Om(z) remains constant and increases from a continuous positive value to a higher positive value as the redshift
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decreases [47]. In this study, we find that Om(z) increases with decreasing redshift z, and at z = 0, Om(z) = 0.4667,
showing a positive value. The positive trajectory of the Om-diagnostic signifies a dark energy-dominated era, resembling
a phantom-like behavior, while a quintessence-like era is characterized by a negative trajectory [48, 49].

3.5. Age of the universe

Current estimates of the universe’s age are based on various cosmological observations, including measurements
of the CMB, the Hubble constant, and the standard model of cosmology ACDM. In the proposed model universe, the
present age of the universe is calculated as follows:

AN SV (€]
won=0= | i MO T

-2 log (2 - 2 .
TP\ e nE )
where
z dZ
Hptp = lim —_— 34
0°0 zl—wo o (1+2)h(2) (34
by taking {. = 1.4148 equation (34) becomes
0.97985
o ~ . (35)

Hy

A variation of Hy(tp — t) with respect to redshift z is depicted in Fig. 10, where 7y denotes the present age of the

universe. At large z, we find Hoto ~ 0.97985, indicating that 79 ~ 0.97985H,; ! For the observational Hubble data (OHD),
we obtained Hy = 67.112*09%ms™ ' Mpc™" when £, = 1.4148*3-9078 - According to the proposed model, the present age
of the universe is ¢y = 14.3 + 0.5 Gyr, which aligns well with the results of [26]. Thus, the derived model demonstrates

strong consistency with recent astrophysical observations.

0.8} :

0.6 ]

Ho(to-1)

0.0f ]

z

Figure 10. Variation of Hy(fp —t) vs z.

3.6. Analysis of state-finder diagnosis of the model

A model-independent approach for distinguishing between the various contenders is highly sought after, as an
increasing number of models are being proposed to explain cosmic acceleration. The cosmological diagnostic pair (r, s),
introduced by [50, 51], is known as the statefinder, and is defined as:

a r—1

F=—s, §=——.
aH? 2(g- 1)

(36)
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Using equations (16), equation (36) becomes

r={c+ e 2Lt ((Zc - 3)eA'{Ct + é’c) s

G (g (e 1) +3) G
ST 3eALr — 1y,

In this model, the state-finder parameters are dependent on the cosmic time ¢. The dynamics of the model universe,
as characterized by the geometric structures of the model, are represented by the r» — s trajectory in Fig. 11. We adopt
the values A = 33.2 and {, = 1.4148 for our numerical calculations. Fig. 11 illustrates that, within the framework of the
present model universe, which includes the deceleration parameter, the universe passes through a phase near the ACDM
model at the point {r = 1, s = 0}. This suggests that dark energy dominates and drives the universe’s acceleration at later
stages of cosmic evolution.

20t

1.5f

ACMD(r=1,5=0)

1.0

0.5¢

0.0 :

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
S

Figure 11. Variation of r — s.

3.7. Analysis of Energy condition:
The well-known Raychaudhuri equations [52, 53] which are expressed as follows:

do 1 .
- = —592 —o?+w? - R;ju'u’ (38)
do 1 o
E = —502—0'2+w2—Rij7]lT]j (39)

Here, 0 represents the expansion factor, ni is the null vector, and o~ and w denote the shear and rotation associated
with the vector field u'.

Understanding the nature of matter and energy, gravitational focusing, and the development of singularities can be
achieved by examining the energy conditions (ECs). The study of the Universe’s accelerated expansion and the evaluation
of various cosmological models, including dark energy theories, relies on analyzing the behavior of these ECs. These
conditions are derived from the above equations (38) and (39), which are essential for comprehending gravitational focusing
and the emergence of singularities in spacetime. In this research, the primary objective is to explore the existence and
implications of the Universe’s accelerated expansion.

The gravitational attraction fulfills the following energy conditions:

* Strong Energy Conditions (SEC): p +3p >0
¢ Weak Energy Conditions (WEC): p >0, p+p >0

e Null Energy Conditions (NEC): p + p >0



24
EEJP. 1 (2026) Asem Jotin Meitei, et al.

¢ Dominant Energy Conditions (DEC): If p > 0, |p| < p

The ECs of the model universe can expressed in terms of redshift z are as folows:

_3k(WHD)

pEp= (W+1)(—(z+1)-fc) 5 (40)
_3k(W+1)

pop=W-1(-+17%) 1)
_ 3k(W+1)

p+3p=(W+3) (—<z+1)-éc) “ 42)

The graphs depicting the NEC, DEC, and SEC are presented in Fig. 12, Fig.13, and Fig. 14, respectively. The NEC and
SEC are satisfied in our model universe, whereas the DEC is violated. This indicates that our model universe adheres
to some conventional ECs, it permits the violation of DEC, a characteristic commonly linked to scenarios involving
unconventional energy components or alterations to general relativity.
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Figure 12. Variation of p + p vs z. Figure 13. Variation of p — p vs z.
7 10
110 w=-034 |
PN B W=-0.35 | 4
----- W=-0.36 | 4
6x108 2
p+3p
4x 106 -0.10 -0.05 0.00 0.05 0.10
2x108
0
-1.0 -05 0.0 0.5 1.0 15 2.0

z

Figure 14. Variation of p + 3p vs z.

4. CONCLUDING REMARK

In this study, we derive the equations of motion for the anisotropic LRS Bianchi type-I cosmological model,
considering a perfect fluid with variable gravitational constant G and cosmological parameter A. By adopting a specific
form of the deceleration parameter and an equation of state p = Wp with W = -0.34, W = —0.35, and W = —0.36,
we obtain cosmological solutions consistent with the dark energy ACDM model. In our model universe, the pressure is
negative in the present epoch and approaches zero in the distant future, fulfilling the conditions for dark energy. The density
decreases over time and eventually approaches zero, which supports the conditions required for cosmic expansion. The
variables G and A contribute to the gravitational collapse of matter and regulate the dynamics of the universe across both
small and large scales. Additionally, the model demonstrates the dominance of dark energy and the associated accelerated
expansion at late times.

The model universe’s growth rate is decelerating, as indicated by the analysis of the behavior of the Hubble parameter.

The present value of the Hubble parameter is Hy = 67.112*-949 km s™! Mpc™!, which is consistent with the ACDM model.
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Analyzing the 46 Hubble data points, we obtain a chi-square value of ,\/é y = 34.084162, with a minimum chi-square
value of )(ﬁm = 0.000004. To support the accelerating universe, we observe that the present value of the deceleration
parameter ¢ is negative. Furthermore, the current values of the jerk and Q(z) parameters confirm that the proposed model
universe is experiencing accelerated expansion both now and in the future, driven by dark energy. According to our model,
the universe’s present age is top = 14.3 + 0.5 Gyr, consistent with recent astrophysical observations. Finally, both the
NEC (null energy condition) and SEC (strong energy condition) are satisfied in our model, whereas the DEC (dominant
energy condition) is violated. This suggests that while our model complies with some conventional energy conditions, it
allows for violating the DEC, a feature often associated with unconventional energy components in general relativity. Thus
our model successfully describes an anisotropic cosmological universe where dark energy drives accelerated expansion,
consistent with observations and the ACD M framework, while allowing for the violation of the dominant energy condition,
a hallmark of unconventional energy components.
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A. (METHODOLOGY)

The present work is based on the spatially homogeneous and anisotropic Bianchi Type-I cosmological model in the
framework of general relativity with variable gravitational constant G (¢) and cosmological term A(t).

ds® = —dt* + S3(1)dx* + S5(1)dy* + S3(1)dz%, (43)

where S1(1), S»(¢) and S3(t) are the scale factors along the x, y, and z axes, respectively. The energy momentum tensor
for a perfect fluid is defined by

Tij = (p + pluju; + pgi;, 44)

with p representing the energy density, p the isotropic pressure, and u’ the four-velocity vector.
Einstein’s field equations with variable G and A are expressed as

1
Rij - ERg,‘j = —871'G(I)Tij + A(l‘)g,‘j. (45)
For the Bianchi Type-I metric, these equations yield a set of coupled nonlinear differential equations in S; (), S>(¢) and
S3(1). To obtain a determinate solution, we define the average scale factor a(r) as a = (§5,53)'/3 and the mean Hubble
parameter H = d/a. The deceleration parameter is given by

ad e
=——=—-14—. 46
q a? 1+ aée (46)
To model a universe that evolves from deceleration to acceleration, we assume a time-dependent deceleration
parameter and adopt the scale factor

)l/éc ’ @7

a(t) = (eAg‘*’ -1

where A > 0 and (. are constants. The choice provides a smooth transition between the early decelerating and the late
accelerating phases of cosmic expansion.
The cosmic fluid obeys a barotropic equation of state

p=Wp, -1<WwW<0, (48)
and the conservation equation - -
V; (87GT + Agll) =0, (49)
which leads to the differential relation
87Gp +81G(p+3H(p+p)) + A =0. (50)
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JOCIIAKEHHA KOCMOJIOI'TYHUX HACJIIAKIB TA JOHIJIBHOCTI 3MIHHA G TA A 3AJIEZKHO BIJ|
IMAPAMETPA YIIOBIJIBHEHHA
Acem JI:xotin Meiireii!, Canam Kipanvaaa Yany?, Xyeiigpom Onen Cinrx®, Kanrymxam Ipifiokymap Cinrx*
1Kagﬁe0pa Mmamemamuxu, konreddxc Ilpasadami, Masime Ingpan, 795132, Maninyp, IH0is
zKagﬁeOpa mamemamuru, .M. konedxc mucmeums, 795001, Maninyp, Inois
23Kagpedpa mamemamuru, Yuisepcumem Jxanamandcypi, 795001, Maninyp, Indis

*Kagpeopa mamemamuxu, Yuicepcumem Maninypa, Kanuinyp, 795003, Maninyp, Indis
Mu KOpPOTKO pO3IIAAAEMO NIPOCTOPOBO OJHOPIAHY Ta aHi30TPOIHY KOCMOJIOTiuHY Mogesb biaHki I Tumy 3i 3MiHHOMO rpasiTalliifHOI
cranow G(t) Ta kocmosoriyHuM wieHoM A (7). PiBHsHHs nons EilHINTelHa po3B’A3YI0ThCS 3 ypaxyBaHHSM 3aJIeKHOTO BiJ| acy ra-

pamerpa ynosinbenHst (DP) ta 6aporporroro piBusiaHs ctany (EoS) p = Wp. MozesbHuii BCECBIT y3TOMXKYEThCS 3 MACIITAOHUM

.. . 1/&e . L . .. .. .
koedinientom Buny a(t) = (eA{"’ - 1) e , SIKUI 3abe3Mnedye IIaBHy €BOJIOLII0 BiJl YHOBUIBHIOIUOI 10 MPUCKOPIOOUOI (ha3n KOCMi-

YHOro po3iuMpeHHs. OTpUMaHO aHANTHYHI BUpa3H Ul TUCKY, I'YCTUHH eHeprii, G(f) Ta A(f), a TakoX MpOaHaJi30BaHO iX 3MiHH 3
YEepPBOHKMM 3MillleHHsIM. JTOCITi I)KeHO MOBEAIHKY KOCMOJIOTiYHHX MapaMeTpiB, Takux sK (pyHKIis Xab6aa H(z), mapaMmeTp yrnoBiTbHEHHS
q(z), napametp puBka J(z) Ta aiarHoctuka Om(z). OTpuMaHo noTouHi 3HaueHHst Hy = 67.1 12’:%?‘}9 kms~! Mpc~!, go = —0.2926 Ta
MepexiiHe uepBoHe 3MimeHHs z; = 0.8626, 10 y3rofkyeThes 3 HEMOAARHIMU CIIOCTEPEKEHHAMH. 3arajioM, 3amporioHOBAHA MOJIEh
3miHHOI G Ta A Trny B’ siHKi 3a6e3nedye y3romkeHuii onuc nepexony BeecBiTy Bif yHOBIIbHEHHS 10 TIPUCKOPEHHS], IO y3TOXKYETHCS
346 OHD.

Keywords: anizomponna; 3minna epagimayiiina KOHCManma, memHa enepeisi;, KOCMiuHe NPUCKOPeHHs.
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