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This paper investigates a plane symmetric cosmological model (PSCM) in the context of modified f{R) gravity theory, incorporating
both vacuum and non-vacuum scenarios. A perfect fluid is assumed as the matter source. To obtain the solutions, we consider the
premise of both constant and nonconstant scalar curvature. By applying the conservation law for Einstein's field equation, T;’ =0, and
the power-law assumption, we retrieve some well-known solutions. We solved the field equations by making a specific assumption
that involved a transformation A28 = U. This study explores the physical and kinematic characteristics of specific cosmological models,
along with an examination of the statefinder diagnostic—a key tool for analysing the Universe’s evolutionary trajectory. The work
provides important insights into the behaviour of anisotropic models within the context of modified f{R) gravity. It highlights the
interplay between matter distribution and spacetime geometry, particularly emphasizing how assuming constant and nonconstant scalar
curvature aids in simplifying and solving the corresponding field equations. The resulting solutions enhance our understanding of
cosmic evolution governed by modified f{R) gravity.
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1. INTRODUCTION

The groundbreaking theory of modern physics called General Theory of Relativity (GR) brings numerous solutions
to understand cosmic phenomena. The physical processes which GR explains are numerous yet there exist multiple
unresolved astrophysical and cosmic problems outside its existing boundaries. One of the most significant challenges is
the observed late-time acceleration of the Universe, which GR alone cannot adequately explain. To address such
limitations, researchers have proposed modifications to the Einstein-Hilbert action—the foundational element of GR.
Among these modifications, the f{R) theory of gravity stands out. This theory generalizes the Einstein-Hilbert action by
introducing a function f{R), where R is the Ricci scalar representing spacetime curvature.

In the past decade, f{R) gravity has become a leading approach to modifying General Relativity (GR). This theory
helps scientists find new solutions to describe how the Universe evolves. By adding a function of the Ricci scalar, f{R),
to the gravitational action, the theory allows for more flexible models of gravity. These models can explain the observed
cosmic acceleration without needing dark energy. f{R) gravity extends GR and offers new ideas for understanding the
Universe. A key aim of the theory is to explain both the rapid expansion in the early Universe and the current acceleration
in a single framework.

Hans Adolph Buchdahl introduced the fR) gravity theory in 1970 [1]. Bertolami et al. [2] later extended it by
coupling a function of the Ricci scalar R with the matter Lagrangian L,, while Carroll et al. [3] used it to explain the
Universe’s late-time acceleration. A fundamentally different image of our Universe has been revealed by astrophysical
data from a variety of sources, including Cosmic Microwave Background (CMB) variations [4], type-la supernovae
experiments [5], X-ray experiments [6], as well as large-scale structure observations [7]. All these data point to a faster
expansion of the cosmos.

Some astrophysicists believe that modified gravity theories could explain the phenomena of dark matter (DM) and
dark energy (DE), which appear to be causing the continuous expansion of the Universe. Numerous astrophysical models
with varying aspects have been developed and analysed over the past decade. Perlmutter et al. [8] provided the first
evidence for a Universe with a positive cosmological constant, indicating its expansion, based on observations of 40 high-
redshift supernovae. Bamba et al. [9] explored various methods for testing DE and alternative extended gravity models
using cosmography. One approach to addressing this problem involves replacing the conventional Einstein-Hilbert action
in the standard part of the Einstein field equations with a general function of Ricci Scalar R [10]. Mishra et al. [11]
demonstrated a transition from early deceleration to significant late-time acceleration by using different deceleration
values with a hybrid scale factor.

The investigation of DE can be examined through its equation of state (EoS) parameter w = %, It’s important to note

that perfect fluid is a significant component of the Universe, undergoes variation and contraction in its action. Fakhereh
MD [12], studied the dynamical behaviour of an anisotropic Universe in extended gravity using two cosmological models.
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Shamir [13], explored the Plane symmetric model in f{R) gravity, and obtained some well-known solutions. Raut et al.
[14], obtained vacuum solutions of plane symmetric model with the help of special form of deceleration parameter (DP)
in f{R) gravity theory. Agrawal et al. [15], studied gravitational baryogenesis models’ comparison in f{R) gravity by
considering perfect fluid as a matter. Singh et al. [16], studied Bianchi type-I five- dimensional cosmological models with
massive string in GR and found that sum of energy density and string tension density was null. Agrawal et al. [17],
investigated black holes and wormholes by considering spherical symmetric space-time beyond classical GR. Karim MR
[18], studied Bianchi type-I model in the context of an anisotropic Universe within the Saez-Ballester theory of gravitation
and found the formula for computing the Universe’s entropy in terms of viscosity. Al-Haysah and Hasmani [19], assumed
fIR) = R + aR? and obtained the solution for higher dimensional Bianchi type-I cosmological model by considering
string as a matter field by combining f{R) gravity theory and Kaluza-Klein (KK) theory. Ladke and Mishra [20,21],
studied five-dimensional plane symmetric and static interior plane symmetric solutions in f{R) gravity theory. Thakare et
al. [22], derived the precise solutions of non-vacuum, higher-dimensional, plane symmetric model in f'(R, T) gravity
theory by means of quadratic EoS. Sharma et al. [23], investigates the stability of the transition from early deceleration
to recent acceleration in a perfect fluid LRS Bianchi-I cosmological model within f(R, T) theory. Dabre et al. [24],
explores a bulk viscous fluid with a cloud of strings using the plane symmetric LRS Bianchi type I metric in the context
of fAR) gravity. Pawar et al. [25], explored string cosmological plane symmetric model considering bulk viscosity and
find solution using relation between metric potential B = RA™ . Turrion et al. [26], studied the physical non-viability of
a wide class of f{R) models and their constant-curvature solutions, and show that most f{R)-exclusive constant- curvature
solutions also exhibit a variety of unphysical properties. Larranaga A. [27], obtained a rotating charged solution in f{R)
theory of gravity with constant curvature representing a black hole. Calza et al. [28], studied vacuum f{R) gravity solutions
which are characterized by constant Ricci scalar and investigated black hole solutions in detail.

This paper explores vacuum and non-vacuum solutions for plane symmetric spacetime within the f{R) gravity
framework. We obtain general solutions for the field equations of plane symmetric spacetime under the premise of

constant and nonconstant scalar curvature. Additionally, we applied Einstein's field equation, T;] =0 to solve non-
vacuum field equations. The physical behaviour of these solutions is analysed using various physical quantities.

2. fiR) GRAVITATIONAL THEORY
The gravitational f{R) theory is regarded as the best straightforward example of an extended gravity theory, first
proposed by Hans Adolph Buchdahl.
The action for f{R) gravity theory is given by [29,30,31],

s=J-g (ﬁf(R)+Lm)d4x (1

Here, the Lagrangian matter is denoted by L,,, and a function that depends on the Ricci scalar R is represented as
AR). The above action is formulated by simply replacing R with f{R) in the traditional Einstein- Hilbert action
expression.

Now, changing (1) with respect to the metric g;; ,we obtain

F(R)R;; — 2 f(R)gi; — ViV;F (R) + gyoF (R) = KTy, @

Here, F(R) - %, o=gi V;V; is the d’ Alembert operator, V; represent the covariant derivative operator, T;; denotes the

standard matter energy- momentum tensor derived from the Lagrangian L,, and k is the coupling constant in gravitational
units.
Solving the above equation (2), we get

F(R)R — 2f(R) + 30F(R) = kT (3)

In vacuum case (i.e., for T = 0) equation (3), reduce to

F(R)R—2f(R) +30F(R) =0 (4)

This connection between f{R) and F(R) is crucial for simplifying the field equations.
With a constant Ricci scalar R = R, equation (4) becomes:

F(RO)RO - Zf(Ro) =0 )

The term "constant curvature condition" describes this situation.
When we simplify equation (3), we obtain

F(R)R+ 30F(R)— kT
2

fR) = (6)

Solving equations (2) and (6), we get,
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(F(R)R—DF(R)—kT) _ F(R)Ryj—V;V;F(R)—KTj (7
4 9ij
As an LHS of equation (7) is not depend on index i, we have
_ (FRR;i—ViViF(R)—kT;

Ki= ( gii ) ®)

Where, K; — K; = 0, for all i and j, K; just a notation of traced quantity.
For perfect fluid the energy-momentum tensor is,

T;j = (p + puu; — pgi; ©)

Which follows the EoS,
p=wp (10)

Where —1 < w < 1, p and p represents energy density and pressure of dark energy.

It is widely accepted that by the end of the inflationary period, the geometry of the Universe was homogeneous and
isotropic [32], where the FLRW models plays an important role in representing both spatially homogeneous and isotropic
Universe. Observational studies have confirmed these symmetries. Yet, theoretical arguments and unexpected anomalies
in the cosmic microwave background (CMB) suggest that an anisotropic phase may have existed in the early Universe.
After the announcement of the Plank probe results [33], it is believed that the early universe may not have been exactly
uniform. Thus, the existence of inhomogeneous and anisotropic properties of the universe has increased popularity when
it is come to constructing cosmological models under the supervision of anisotropic background.

3. METRIC AND THE FIELD EQUATIONS
The general non-static, anisotropic and spatially homogeneous plane symmetric spacetime metric is given by [14],

ds? = dt? — A?(dx? + dy?) — B%dz? (11)

Where A = A(t), B = B(t).
We denote the coordinates x, y, z, t as x*, x2, x3, x* respectively.
The Ricci scalar of metric (11) is,

A B A%? 4B

R=-2|
Where 4 =22 4 =4
de dt?

From equations (8), for vacuum field,

etc.

K, = (F(R)Rij_ViVjF(R)) (13)
9ij
Where, K; — K; =0,V i,
ForK,— K, =K,—K,=0and K, — K; = 0 we get

[FH+s-S -S| F+5F-F=0 (14)
A B A AB A
ﬁ_ﬁ]mﬁp—ﬁ:o (15)
A AB B

With three unknowns, A, B, and F, we are left with two non-linear DE (14) and (15). These are challenging, nonlinear
equations to solve. However, we look into a few solutions utilizing the idea of constant curvature assumption.

4. SOLUTIONS WITH THE CONSTANT CURVATURE ASSUMPTION
Under the assumption of constant curvature, the field equations in f{R) gravity are analysed. This approach allows
for the recovery of several well-known solutions that are already established in GR, but now within the context of
significant f{R) gravity models.

Case-I:
Say for a constant curvature solution R = R, we have

F(Ro) = 0= F(Ro) (16)
Equations (14) and (15) can be used to get the following form:

s N
S-S -T2 =0 (17)
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24 24B
% a0 (18)

The power law assumption can be used to solve these problems. i.e.A « t? and B « t?, where p and q are real numbers.
Thus, A = k,tP? and B = k,t?, where k, and k, are proportionality constants.
From equations (17) and (18), we get,

2 1
P=3.9=—3 (19)

And hence from (11) and (19) the solution becomes

4 2
ds? = dt? — k,*t3(dx? + dy?) — k,*t 3dz> (20)

This can be shown that, these values of p and q leads to R = 0. This represents the simplest possible solution and is
somewhat trivial in the case of constant scalar curvature.

We reinterpret the specifications, i.e. k,2dx? = dX?2, k,*dy? = dY? k,*dz? = dZ?
The above metric can be written as,
4 2
ds? = dt? — t3(dX? + dY?) — t 3dZ? (21)
This corresponds to Taub's Metric [13].

Case-II:

Now we assume that B = A™. Then subtracting equation (17) from (18), we get
A_B LA A (22)

A B A2 AB

After solving above equation we get,

A=[(n+ Dkt + k)] (23)

Hence

B =[(n+ 2)(kst + ky)]+2 24)
Where k3 and k, are constants of integration.
With these values of A and B, metric takes the form
2 2n
ds? = dt? — [(n + 2)(kst + k)]®2(dx? + dy?) — [(n + 2)(kst + k)] dz? 25)
This equation gives Taub’s Metric for n = —% .

Case-II1: For non-vacuum perfect fluid solutions:
In this instance, the metric in equation (11) has a non-vacuum solution.
The energy-momentum tensor for a single fluid source is

T;; = (p + puju; — pgij (26)
With
gYuu; = 1,u; = (0,0,0,1) 27)
where p is the fluid's energy density and p is the isotropic pressure.
u; is the four-velocity of the time-like vector satisfying (27).

Using (8), (26) and (27), we get
ForK;, — K, = K, — K, = 0 and for K; — K, = 0, we get,

i B A B, dp s

[-2-S+ S+ F=SF+F+k@+p) =0 (28)
24 | 24B B ; i
—B L2 F-ZE 4 F 4 k(p+p) =0 29)

Using equations (16), equations (28) and (29) becomes,

i B A, AB] , K
[ttt =0 (30)

24 | 24B] | k
[T+ e =0 3D
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Solving (30) and (31), we get

i B, A 4B
a5 a2 a5 "0 (32)
Integrating (32), we obtain
A_B_ ks
A B A%B (33)
where ks is the integration constant. Making use of (33) and the conversion
A’B=1 (34
Where U = U(t) and A = A(U), B = B(U) are expressed as follows:
A= BUAReks/D[@/W) B = §71/3)g(~2ks/3) [(dt/U) (35)
Where f and § are integration constants.
ds? = dt? — ﬂzu(z/g)e(2k5/3)f(dt/'u)(dxz + dyZ) _ 62u(2/3)e(—4k5/3)f(dt/'u)dzz (36)

The standard conservation law for Einstein’s field equation T,j.j = 0 (Here semicolon (;) indicates covariant divergence)
gives,

) A B\
p+@+p)(25+2)=0 (37)
Solving (37), using equations (10) and (34) we obtain,
p = EU+) (38)

Where ¢ is integration constant and —1 < w < 1.
The cosmological parameters are given by,
Spatial volume, V = U

11U
Hubble parameter, H = =
: U
Expansion scalar, 6 =
1 ks>
Shear scalar, 0% = ==
3 u? o
: 2U2-3UU
Deceleration parameter, g = %
U

Three different circumstances arise based on the parameter U.

1. U = constant = c.
In this case 4 = 'e®'t/3 and B = §'e~@K't/3)  p = gc~(1+w)
where B’ = Bc/¥ [ §' = ¢V k' =kg/c

12
AlsoH=0,0=0, g% = kT, q is not defined. Here p and o are constant. For ks = 0, A and B are constant and

o become significant. For ks > 0, A increases and B decreases exponentially with time.

2. U=t
In this case A = Bt((ks*D/3) and B = §t((1=2ks)/3) | p = £¢~(1+®) geale factor a = t(/3 | H =(1/3t), 8 =(1/t),
0% = (ks’/3t?) and q = 2.

3. u=t"
In this case A = ft@/DelkstC™W/30-1) B = §p0/3)g=(2kst@W30-1) |5 = gen(i+w)
8 =(n/t), 0% = (ks*/3t?") and q = ((3 — n)/n), where n # 1.
The dimensionless rate of change of the third derivative of the field parameter with respect to the cosmic time is
known as the jerk parameter in cosmology. It is given by

j(t) = q+ 2q? —% and hence j(t) = (18/n?) — (9/n) + 1

In this case, the expansion scalar 6 remains positive forn > 0, confirming that the Universe is expanding. As cosmic
time increases, 8 decreases and asymptotically approaches zero, indicating a gradual slowdown in the expansion rate.
The shear scalar o2 also diminishes over time and vanishes in the asymptotic limit, implying that the Universe evolves
toward isotropy. The deceleration parameter is given by ¢ = ((3 — n)/n), which becomes negative for n > 3, reflecting
an accelerated expansion phase consistent with current cosmological observations. The energy density follows the relation
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p = étm(1+®) and decreases with time for w > —1. Notably, for w = —1, the density remains constant, imitating the
behaviour of a cosmological constant and aligning with the ACDM model. These results support a scenario in which the
Universe transitions from an anisotropic, decelerating phase to an isotropic, accelerating one at late times.

5. SOLUTIONS WITHOUT THE CONSTANT CURVATURE ASSUMPTION
Field equations (28) and (29) are linearly independent with five unknowns A, B,p,p and F. The deceleration
parameter describes the evolution of the universe. The cosmological models of the evolving universe transits from early
deceleration phase. (g > 0) to the current accelerating phase (q < 0). Whereas the models can be classified based on the

time dependence of DP. To solve the system of equations, we assume the deceleration parameter (q) varies linearly with
the Hubble parameter [34,35].

q=-5=v+aH (39)
Here y and « are arbitrary constants.
For y = —1 in equation (39)
ad
q=——7F=—1+aH

Which yields the following differential equation,

W ato1= (40)
Integrating equation (40) we get

1
a(t) — e;,/ZaHkG (41)

Where kg is a constant of integration.
Assuming the shear scalar o is proportional to the expansion scalar 8 we obtain the relationship between scale factor
A and B as follows:

A=B" (42)
Where n is constant and n # 1
Using (34), (41) and (42) the metric components are
A(t) _ ea(23r?+1_) [2at+kg (43)
and
3
B(t) = eanrny ke (44)
The metric (11) is reduced to,
6N 6
ds? = dt? — eaenrnV 2 ey 2 4 dy?) — eazn+)Y 2attke g2 (45)

Equation (45) represents PSCM with variable deceleration parameter.
The directional Hubble parameter H,, H, and H, are given by
3

n
C(n+ 1D 2at + ke
o 3
@n+1)2at + kg

Hubble parameter (H) and expansion scalar () is given by

H, = H,

1

H= J2at+kg (46)
3
0= J2at+ks (47)
The spatial volume (V') and anisotropic parameter (A) is given by
V= e%/ZaHkﬁ (48)
_2n-1? _
= i = constant (A # 0 forn # 1) (49)

The shear scalar (2) is given by
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2_ _ 3m-1?
T (2n+1)2(2at+ke) (50)
From equations (47) and (50), we get
2 _13\2
tlim Z—z =% = constant(# 0 forn # 1) (51)
The energy density p and isotropic pressure p using equations (10) and (38) are given by
—3(1+w) —3(1+w)
p - f e—a J2at+kg ] and p - (,l)f [e o J2at+keg (52)
Where ¢ is integration constant and —1 < w < 1.
The deceleration parameter (q) is given by
a
q=-1+ Toarie (53)
From equation (12), the Ricci scalar R is found as
_ a _3(3n%+2n+1)
k= {(Zat+ks)3/2 (2n+1)2(2at+k6)}’ (54)

In this model, the Universe’s initial time is given by t = — :—Z =T (k¢=0,a > 0), which can be shiftedto t = 0

by setting kg = 0. At this initial moment, the scale factor a remains constant, indicating that the Universe in this case
begins from a non-singular state.

At the initial time (t = 7°), the Hubble’s parameter (H), expansion scalar (8), shear scalar (o) are all infinite.
Additionally, the isotropic pressure (p) depends on EoS parameter (i.e. p = w&) while the energy density (p) remains
constant (i.e. p = §).

Also, the energy density remains positive throughout cosmic evolution but gradually declines over time. In contrast,
the isotropic pressure increases, it starts from a negative value in the early universe and approaches zero at the present
epoch. Observationally, this negative pressure is attributed to dark energy, which, despite having positive energy density,
drives accelerated cosmic expansion.

As time t progresses, the scale factor a increases, while the physical parameters H, 6, gradually decrease. In the
limit of large t, the scale factor a becomes infinitely large, while the parameters H, 8, approach zero. This implies that

the Universe in this model originates from a non-singular state and expands exponentially over cosmic time.
2
a“—kg

Furthermore, the deceleration parameter q is positive for t < , indicating an early decelerating phase of the

. . . 2k .. . . .. .
Universe. Conversely, q is negative for t > az—a"’ , predicting the accelerating phase of the Universe’s expansion in this

model. However as t — oo, q approches — 1, which is characteristic of de Sitter-like exponential expansion. This
indicates a transition from deceleration to acceleration, consistent with current observations of cosmic evolution.

vvvvv . —
0.7
o6\ -~ ====- a=15
' =2
04fY & 08¢
\ a=3
02f 0.5F
7 oof T 04
-02f o3k
-04 -
S . 0.2
] e Ty f
““““““““““ 0.1 L P S P Eh |
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Figure 1. Plot of (g) vs. time ¢ Figure 2. Plot of (H) vs. time ¢
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Figure 3. Plot of (V) vs. time ¢

Figure 4. Plot of (p) vs. Time ¢
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Statefinder diagnostic: A geometric statefinder pair {r, s}, whose notable characteristic is their dependence on the scale
factor and its time derivatives, was introduced by Sahni et al. and Alam et al. [36,37]. The statefinder diagnostic method
serves as effective tool for distinguishing different DE models in cosmology. This diagnostic pair also characterizes the
ACDM model where the cosmological constant A act as DE. The ACDM model is considered the standard framework for
studying the evolution of the accelerating Universe and is identified by the fixed point {r, s} = {1, 0}.
The state-finder diagnostic pair is defined as [38,39,40]
H r—1
r—ﬁ—3q—2and5—3(q—_%) (55)

We employ the statefinder diagnostic method to evaluate our model's dynamics and contrast its behaviour with that

of the ACDM model. The expressions for the statefinder parameters {r, s} in our framework are derived as follows:

I 1
3a® 3¢ and s = [—ﬂ““"s] (56)

r=14+—m—
2at+kg  [2at+kg [1_31/2—ut+k5]
2 a

In our model, the state-finder pair {r, s} tends toward {1,0} at late time, thus the model is compatible with ACDM
model [41]

110+ 4

1.05r :

1.00 ACDM

1 1 1 1 1 L L
-0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02

S
Figure 6. The figure shows the state-finder parameter

Energy conditions: Here, the time-varying behaviour of the energy conditions is explored. The energy conditions are
used in many approaches to understand the evolution of the universe. The study of singularities in the spacetime was
based on energy conditions. Some of the important energy conditions are given as follows:
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Weak energy conditions (WEC)=>p >0,p—P =0

Dominant energy conditions (DEC)= p+ P >0

Strong energy conditions (SEC)= p+ 3P =0

Using equation (52), we analyse the behaviour of above-mentioned energy conditions. Figures (7-9) show the
behaviour of WEC, DEC and SEC with proper choice of constants respectively and it is observed that all the energy
conditions are satisfied for this model.

Figure 7. Behaviour of WEC vs. t and w with Figure 8. Behaviour of DEC vs. t and w with
f=la=2ks=1 f=la=2ks=1

Figure 9. Behaviour of SEC vs. t and w with
E=1l,a=2ks=1

6. CONCLUSIONS

We have investigated non-static plane-symmetric model in the framework of f{R) gravity theory in this work,
looking at both scenarios with and without matter (vacuum and non-vacuum conditions). To determine precise answer to
the field equations, we have taken into consideration the metric form of the theory.

In the first two cases, we considered vacuum conditions and found solutions using constant curvature and power
law assumptions. These solutions matched the well-known Taub’s solution.

In the third case, we considered non-vacuum condition and found solutions using the energy momentum tensor
equation. We solved the field equations by making a specific assumption that involved a transformation A2B = U and
using the EoS, p = wp. For the non-vacuum scenario, we considered three possibilities of U, where U is constant, ¢, and
t™. Particularly, in the case where U = t™ with 0 < n < 1, we observed that the ratio /6 does not approach to zero as
t = oo. This implies that the shear decreases at a slower rate compared to the expansion scalar, implying that anisotropic
remains significant over time. This persistent anisotropy suggests that our model remains anisotropic, representing the
early evolutionary phase of the Universe.

These findings underscore the potential of f{R) gravity to effectively describe the Universe's dynamics, particularly
during its early stages when anisotropic effects are expected to be prominent.

In this section, without assuming constant curvature, we assumed a scale factor a(t) = e%V 2at+ks (where o and kg
are positive constants), to derive an exact solution of the Einstein field equations. This model remains anisotropic
throughout cosmic evolution for n # 1, as it is independent of the cosmic time ¢t. It describes an exponentially expanding
Universe that originates with a finite volume at the big bang (#=0) and later transitions into an accelerated expansion
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phase. The behaviour of the DP is shown in Fig. 1 for @ = 1.5, 2, 3. The deceleration parameter q in this model is found
to be time dependent, exhibiting a transition from an early decelerating phase to the current accelerating phase of the
Universe. Fig. 2 and 3 represents the time-varying behaviour of the Hubble parameter (H) and volume (V), respectively.
Fig. 4 and Fig. 5 illustrate the variation of isotropic pressure p and energy density p w.r.t. the cosmic time ¢. The energy
density and pressure gradually diminish and approach zero as t becomes large. Fig. 6 shows the evolution of r-s trajectory.
The state-finder pair {r, s} tends towards {1,0} at late time, indicating that the model asymptotically behaves like the
ACDM (cosmological constant A + Cold Dark Matter) model. Fig. 7,8, and 9 represents the time varying behaviour of
WEC, DEC, and SEC, showing that all the energy conditions (WEC, DEC, SEC) are satisfied throughout the evolution.
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JOCJIIKEHHS MJIOCKOTIO0 CUMETPUYHOI'O ITPOCTOPY-YACY B MOJUPIKOBAHIMI
T'PABITALIMHIN TEOPII f{R)
I.B. Ixore?, C.J1. Jleo”
“Kagedpa mamemamuxu niciaouniomuoi oceimu, Yuieepcumem I onosanu, I aouiponi, Inois
bKoneooc nayx Maxammu Ianoi, aduandyp, Indisa
V wmi#t crarTi JOCTIUKY€EThCS INIOCKOCUMETpHYHA KocMotoridaa Moaens (PSCM) y konTekcTi MoaudikoBanoi Teopii rpasiramii f{R),
BKJIIOYAIOUH SIK BaKyyMHi, Tak i HeBaKyyMHi cueHapii. [[eperom Marepii BBakaeTbes ineanbHa pinnHa. 11106 oTpumary po3B's3ky,
MH PO3IIISIAAEMO EPEIYMOBY K HOCTIIHOT, TaK 1 HEMOCTIHHOT CKAJISIPHOT KPUBUHHU. 3aCTOCOBYIOUH 3aKOH 30€pe)KESHHS I PiBHSIHHS
nons EliHmTeiiHa, T;’ = 0, Ta MPUMYIIEHHS CTEIICHEBOIO 3aKOHY, MA OTPHMY€EMO JEsIKi BiIoMi po3B'si3KH. MU po3B'sI3ail piBHIHHS

moJtst, 3poOMBIIK crenudidHe MPUITYLMICHHs, SKe BKIIOYano meperBopeHHs A’B = U. lle mocmimkenHs Aocmimkye ¢isuudi Ta
KiHeMaTH4HI XapaKTePUCTUKH KOHKPETHUX KOCMOJIOTIYHUX MOJIEIIEH, a TAaKOXK PO3IIILAAE NIarHOCTUKY 32 JOIIOMOTOF0 METO.LY MOIIYKY
CTaHIB — KIIIOYOBOT'O IHCTPYMEHTY IS aHaJi3y eBoJomiiiHOI TpaekTopii BeecBity. PoboTa Hamae BakimBe po3yMiHHS ITOBEIIHKH
aHI30TPONHMUX Mojeneill y KoHTekcTi MoaudikoBanoi f{R) rpasitanii. Bona mimkpeciroe B3aeMonilo MK pO3IOAITIOM Marepil Ta
TEOMETPI€I0 IPOCTOPY-Yacy, OCOOJIMBO MiIKPECIIOIOYH, SIK ITPUITYIIEHHS TOCTIIHOT Ta HETOCTIHHOT CKaISIPHOI KPUBHHM JIONIOMAarae
CIPOCTUTH Ta PO3B's3aTH BiANOBiAHI piBHAHHS mojss. OTpUMaHi pillleHHs MOKPALIYIOTh Hallle PO3yMIHHS KOCMIYHOI €BOJIOLIi, 110
kepyetbest MoaudikoBanomo f{R) rpasirauiero.

KuarouoBi cinoBa: niocko-cumempuunuii; meopis epagimayii f(R), ideanvna piouna; é3naunux cmanis; anizomponnuii Bececgim



