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This paper focuses on examining the bouncing model within a flat Friedmann–Robertson–Walker (FRW) Universe. The equation of 
state (EoS) parameter pertaining to the considered model under consideration specifies the Universe's peculiar functioning. The 
kinematics along with the physical attributes of the model’s dynamic parameters are investigated comprehensively. We explored 
several energy conditions (ECs) in this scenario. The diagnostic pair { },r s  of statefinder and the jerk parameter ( )j t  are investigated 

to identify significantly different cosmic phases. We used the squared sound speed parameter 2
sC , designed to meet the needs of our 

model’s stability analysis. Our analysis revealed that outcomes of our study are in accordance with patterns observed in the bouncing 
scenarios, offering a method to explain the cosmic acceleration as well as the singularity problem in our Universe. 
Keywords: Bouncing scenario; FRW metric; ( , )f R T gravity; Cosmic acceleration 
PACS: 98.80.-k, 04.20.-q, 04.50.Kd, 98.80.Cq 

1. INTRODUCTION
In pursuance of an intuitive essence of the Universe and astrophysical mechanisms, General Relativity (GR), 

pioneered by Einstein, is widely considered the most significant theory offering explanations for many mysterious factors 
of gravitational dynamics. According to observational cosmic evidence, our Universe came across an early inflation 
accompanied by late-time expansion, which is presently occurring more rapidly [1–4]. It is believed that the force 
propelling the expanding cosmos appears to be dark energy (DE), characterized by its negative pressure, thereby 
allocating 68.3% of the peculiar ingredient of the Universe, with an additional 25% being dark matter (DM) [5–10]. 
Modified gravity (MG) represents a method that alters the action principle GR and serves as an alternative approach to 
remedying DE, whereas the other method introduces a number of dynamical DE candidates, such as the cosmological 
constant [11], Chaplygin gas (CG) [12], X-matter [13,14], and quintessence [15,16] for better comprehension of the nature 
of DE. In GR, the accelerating cosmos is typically ascribed to a cosmological constant, leading to the standard ΛCDM 
model. Notwithstanding its observable success, ΛCDM encounters fine-tuning and cosmic coincidence issues [17,18]. 
Numerous researchers have investigated MG in diverse cosmological frameworks; for a comprehensive survey, see ref. 
[19,20]. Several kinds of MG theories, starting with ( )f R  gravity, ( )f T  gravity, ( )f G  gravity, and ( )f Q  gravity, are 
being put forward in this setting. Out of the many MG theories, ( )f R  gravity is believed to be the best fit for 
cosmologically useful models, though it faces considerable problems [19,20]. The ( , )f R T  gravity was presented as an 
extension, wherein the gravitational Lagrangian is contingent upon the Ricci scalar ( )R  along with the trace ( )T  of the 
matter energy–momentum tensor. In recent decades, much research has been undertaken in a promising category of 

( , )f R T  gravity, with numerous functional expressions being extensively investigated to explain late-time acceleration 
[21–27]. Even while certain models raise questions about their cosmic viability [28,29], ( , )f R T  gravity is still a major 
way to bring together matter and geometry in cosmological dynamics. 

The important issue of initial singularity was encountered by GR, among other issues, during the early Universe. In 
an attempt to tackle the concern of initial singularity, bouncing cosmological models are currently being studied, which 
prescribe that the cosmos initially contracted leading up to expanding, shorn of coming across a singularity [30]. For a 
smooth bouncing approach, Steinhardt and Ijjas [31] put together a wedge diagram to gain insight into the detrimental 
impacts of certain cosmological challenges. Nonetheless, the non-singular bounce might not be able to meet the null 
energy condition (NEC) within the system associated with a flat Universe. Moreover, the widely accepted Galileon 
theories [32] addressed non-singular cosmology, which fails to uphold the NEC. In recent years, bouncing cosmology has 
become more prevalent because it presents a distinct speculative framework compared to other common cosmic theories. 
For the systematic review regarding conventional bouncing cosmologies, see ref. [33]. Brandenberger and Peter [34] have 
looked into the current circumstances of bouncing cosmologies as possible alternatives to cosmic inflation to offer an 
explanation of the very early cosmos. Relevant bounce arrangements founded on the concept of GR are examined in 
[35-40], while the appropriate bouncing scenarios integrated within MG are analyzed in [41–50]; interestingly, in ( , )f R T  
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gravity [51–56], featuring the role of the big bang singularity. The main motivations for this study on the bouncing model 
within in the light of the GR and ( , )f R T  gravity are to examine the cosmic speed singularity over a prolonged phase 
along with exploration of the bouncing conduction appearing in its earliest stages. The structure of the paper follows this 
approach. Sec. 2 contains the cosmological framework of the FRW world and its associated field equations, whereas its 
solution via the bouncing scenario is established in sec. 3. The dynamic parameters of our model with the inclusion of 
DE are analyzed in sec. 4. Sec. 5 covers the exploration of various energy conditions (ECs) of the model. The statefinder 
diagnostics and jerk parameter, along with the stability of our model, are investigated in secs. 6 and 7, respectively, and 
at last, the conclusions together with discussion are covered in sec. 8. 

 
2. THE FRW UNIVERSE AND FIELD EQUATIONS 

The majority of cosmological models within the confines of contemporary cosmology are predicated on the most 
underlying aspects of the cosmological principle, claiming that the cosmos is homogeneous as well as isotropic over the 
cosmological extent. It is widely accepted that the observable cosmos is nearly isotropic and homogeneous. Consequently, 
cosmologists have focused a considerable amount of emphasis on a flat FRW model, which is articulated as 

 2 2 2 2 2 2( )( ),ds dt a t dx dy dz= − + +  (1) 

with ( )a t  representing the scaling factor, a function that depends only on t . The Ricci scalar R  for the metric (1) arrives 

to be ( )26 2R H H= − + , with H a a=   means the Hubble parameter, while ‘ ⋅ ’ reflects the conventional time derivative.  
 

2.1. FIELD EQUATIONS IN GR 
The Einstein’s field equations in GR are expressed as 

 1
2ij ij ijR g R T− = −  (2) 

where ijT  stands for the standard matter energy momentum tensor, which is defined as ( )ij i j ijT p u u g pρ= + −  with ρ  
representing energy density, and p is the pressure.  
The metric (1) yields the field equations in the form: 

 22 3H H p+ = − , (3) 

and 

 23H ρ= . (4) 
 

2.2. FIELD EQUATIONS IN ( , )f R T  GRAVITY 
The action of ( , )f R T  gravity has the form [57], 

 4( , )
16 m

f R TS L gd x
π

 = + −   , (5) 

with mL  accounting the matter Lagrangian and the stress- energy tensor of matter is specified as 

 
( )2 m

ij ij

g L
T

gg
δ

δ
−

= −
−

. (6) 

Following the work of Agrawal et al.[55] in ( , )f R T  gravity for the bouncing scenario,  
We looked into the non-minimal dependence on matter and geometry as, 1 2( , ) ( ) ( )f R T f R f T= + . The field 

equations of ( , )f R T  gravity concerning non-minimal matter interaction can be acquired by tailoring the action pertaining 
the metric tensor ijg  as, 

 ,
1 1( ) ( ) ( ) ( ) 8 ( ) [ ( ) ( )]
2 2R ij ij i j ij R ij T ij T ijf R R f R g g f R T f T T f T p f T gπ− − ∇ ∇ − = + + +  (7) 

In Eq. (7), we denote 1( ) ( )Rf R f R R=∂ ∂  and 2( ) ( )Tf T f T T= ∂ ∂ , while p  reflects the pressure of the matter.  
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Based on the three options of ( , )f R T  provided by Harko et. al. [57], we have selected ( , ) 2 ( )f R T R f T= + . A 
substantial assortment of cosmological scenarios is described in the field, with 1 ( )f R R=  and 2 ( )f T Tβ= , β  as 
coupling constant. We intend to embrace the timeless cosmological constant 0Λ  here in a way that

0( , ) 2 2 .f R T R Tβ= + + Λ Consequently, the field equations (7) become 

 (8 2 ) ( )ij ij ijG T T gπ β= + + Λ , (8) 

with 0( ) (2 )T p T βΛ = + + Λ  specifying effective cosmological constant.  
The discovery of supernovae has significantly enhanced the relevance of the cosmological constant Λ , previously 
considered negligible, in the examination of accelerating cosmological models. As the Universe evolves, this changes 
too. The current extended gravity hypothesis that it happens over cosmic time. It turns out that Λ  becomes a pure constant 

0Λ  for a vanishing β . Moreover, the field equations (8) are simplified to 

 0(8 2 ) [(2 ) ]ij ij ijG T T gπ β ρ β= + + + + Λ . (9) 

And then the field equations of ( , )f R T gravity arrive at 

 
.

2
02 3H H pη β ρ+ = − + + Λ , (10) 

and 

 2
03 H pη ρ β= − + Λ , (11) 

with 8 3η π β= + . The above field equations reduce to GR case for a vanishing β . Performing some algebraic 
manipulations among eqns. (10) and (11), we can derive the pressure p , energy density ρ and equation of state (EoS) 
parameter in terms of Hubble parameter as, 
By executing algebraic modifications on Eqs. (10) and (11) as it relates to the Hubble parameter, we can formulate 
pressure p , energy density ρ , and EoS parameter ω  as 

 2
02 2

1 [2 3( ) ( ) ]
( )

p H Hη η β η β
η β

= − + − − − Λ
−

  (12) 

 2
02 2

1 [ 2 3( ) ( ) ]
( )

H Hρ β η β η β
η β

= − + − − − Λ
−

  (13) 

and 2
0

2( )1
2 3( ) ( )

H
H H

η βω
β η β η β

 += − +  − − + − Λ 


  (14) 

Given the present circumstances, including yet another constraint equation is absolutely necessary in fully resolving 
the set of field equations (3)-(4) and (12)-(14) that are formulated with the Hubble term. We want to examine the model's 
bouncing behavior using an established bouncing scale factor, thus explaining why we're presenting its settings in Hubble 
terms. It is necessary to prefigure a particular form for the Hubble parameter to acquire the expressions for the dynamical 
components. Given that bouncing cosmology, an adversary substitute for the inflationary paradigm [58], is being 
vigorously researched to solve the singularity problem, we are brought about to look into the model within the matter 
bounce context. Consequently, our next step involves establishing an appropriate bouncing model to explore a particular 
cosmological solution to the system of field equations. 

 
3. BOUNCING COSMOLOGICAL SOLUTIONS 

This section intends to examine a cosmological solution that ultimately results in a bouncing scenario. The cosmos 
undergoes a non-singular bounce during its initial matter-dominated segregation phase in the bouncing state, as explained 
in [34,52,54,59–63]. An investigation conducted in [64] suggests that the Universe, which expands following a minimal 
collapse, represents the bouncing Universe. In bouncing cosmology, the scale factor declines ( )0a <  in the negative time 
region, indicating the contracting era, and then again it elevates ( )0a >  in the positive time region, representing the 
expanding era, whereas it vanishes ( )0a =  close to the point 0t =  where the bounce occurs. The Hubble parameter's 
positive value ( 0)H >  signifies the expanding period of the cosmos and it is negative ( 0)H <  during the contracting 
period of the cosmos, as investigated in [65]. At the site of the bounce, the scale factor must attain a minimal, non-zero 
value, whereas the Hubble parameter must vanish for the effective functioning of the bouncing model without 
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encountering singularity [66]. Additional requirements at the bouncing point consist of violating NEC and transitioning 
the EoS parameter across the phantom split line ( 1)ω = −  as discussed in [67]. In order to satisfy these conditions and to 

have a congruous bounce over the scale factor, we consider 2 21( ) ta t γ= + with 0γ >  representing a constant parameter 
that regulates the cosmic expansion, adhering to the scale factor specified in [56]. Consequently, the Hubble parameter 

( )H t  becomes 

 
2

2 21
aH
a t

tγ
γ+

= =
  (15) 

The deviations of the scale factor ( )a t  and how the Hubble parameter ( )H t  has evolved across cosmic time ( )t  
are illustrated in Figs. 1 and 2, respectively, which specify the orientation of its curvature for three assigned values of the 
parameter 0.7 ,0.8,0.9γ = . As demonstrated in Fig. 1, the scale factor ( )a t  experiences symmetrical progression from 
the contracting era of the cosmos towards the expanding Universe and stays finite with a non-zero value, (0) 1a =  at the 
bouncing spot 0t = , enabling the Hubble parameter ( )H t  to potentially be zero during this epoch as shown in Fig. 2,  
thereby satisfying the bouncing conditions [67]. To visualize a bounce, one can envision the cosmos contracting and then 
expanding, with this behavior being evident at and near the bounce point. Eventually, the Hubble parameter evolves 
rectilinearly from the contracting to the expanding era with the assistance of a bounce by passing through zero as depicted 
in Fig. 2, thereby constituting the bouncing model. 

 
Figure 1. Inspection of the scale factor ( )a t  versus cosmic time ( )t . 

 
Figure 2. Displays the approach of the Hubble parameter ( )H t  against cosmic time ( )t . 

The deceleration parameter ( )q  elucidates the evolution of the Universe's expansion and is found to be 

 2 221 .1Hq
H tγ

= − − −=


 (16) 

In scenarios in which the Universe experiences deceleration throughout its existence, the deceleration parameter 
remains positive ( 0)q > ; whereas, it becomes negative ( 0)q <  as the cosmos expands rapidly. Fig. 3 outlines the way 
the deceleration parameter behaves symmetrically over the bouncing point. It's noteworthy that the deceleration 
parameter encounters a negative trend ( )1q < −  with regard to both contracting and expanding Universe, indicating super 
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exponential expansion, and showcases a large negative value in close proximity to the bouncing point. Consequently, the 
estimated deceleration parameter’s value lined up with topical cosmological inspection associated with Type Ia 
Supernovae [68–70], emphasizing that our cosmos continues to expand at an accelerating pace throughout its evolution. 
Based on the classification of cosmos explored in [65], our model exhibits a contracting and accelerating phase 
( 0, 0)H q< <  followed by an expanding and accelerating stage ( 0, 0)H q> < , as illustrated in Figs. 2 and 3. 

 
Figure 3. Displays the approach of the deceleration parameter ( )q  against cosmic time ( )t . 

 
4. ANALYSIS OF MODEL'S DYNAMICAL PARAMETERS 

The appropriate functioning of the dynamical parameters is essential for the sustainability of any cosmological model, 
and its results ought to align with an equitable agreement. Disparities point to systemic errors arising from varying analytical 
methods or cosmological observations. The expression's free parameters and the selected representative values for the model 
might also be linked with its origin. Recent findings of cosmic acceleration reveal that the EoS parameter and pressure must 
be negative, preferably in both the immediate and distant future. Moreover, a non-singular bounce requires both a positive 
energy density and negative pressure. Due to this, we now examine the model's dynamic features concerning the patterns of 
behavior exhibited during bouncing in the light of the scale factor that is taken into account in the present investigation. From 
field equations (3)-(4), the energy density and pressure for GR are expressed as 

 
( )2

2

2 2

43

1

t

t
ρ

γ
γ

+
=  (17) 

and 
( )
( )

22 2

22 2

2

1
p

t

t

γ γ

γ

+
−

+
= . (18) 

Using barotropic EoS, p ωρ= , the EoS parameter ( )ω  can be obtained as 

 2 2

1 2
3 3 t

ω
γ

− −= . (19) 

From the field equations (12)-(14), the pressure, the energy density and the EoS parameter for ( , )f R T  gravity are 
expressed as 

 
( )( )

( ) ( ) ( )22 4 2
02

2 2
22 22

1 [2 3 1
1

]p t t
t

ηγ η η
β

β γ γ β
γη

+
−

− + −
+

= Λ+ , (20) 

 
( )

( ) ( ) ( )2 02 2

22 2 2 4 2 2 2

2 2

1 [ ]
1( )

2 3 1t t t
t

ρ βγ γ ηγ γ
β

η
γη

β+ − −
−

+ −= Λ
+

, (21) 

and 
( )( )

( ) ( ) ( )

2 2 2

24 2 2 2 2 2 2
0

2
1

3 2 1

1t

t t t
ω

γ β η γ

ηγ γ βγ γ β η

+
− +

− +
=

+ + − Λ

−
. (22) 

For graphical illustration, we have used the considered values of the parameter 0.7 ,0.8,0.9γ =  with 5.8β = −  and 

0 0.001Λ = [55]. The progression of energy density across cosmic time for both cases of GR and ( ),f R T  gravity is 
depicted in Fig. 4 for three assigned values of parameters γ .The graphical representations in Fig. 4 illustrate the energy 
density over cosmic time related to the bouncing model. It shows a downward trajectory (indicating contraction) before 
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the bounce and a subsequent rising tendency (indicating expansion) after the bounce, with a minimum occurring at the 
bounce point. Throughout cosmic time, both the contracting and expanding models maintain positive energy density, 
although there is a negative trend that culminates at the bounce site. The behavior of pressure ( )p  up against cosmic time 
is illustrated in Fig. 5, which validates an assertion that the pressure continues to be negative in both the temporal realms 
of the contracting as well as the expanding Universe, thereby providing additional backing for the Universe’s cosmic 
acceleration. 
 

     
    (a) For GR      (b) For ( ),f R T gravity 
Figure 4. Displays the energy density ( )ρ  for three assigned values of γ . 

    
    (a) For GR      (b) For ( ),f R T gravity 

Figure 5. Displays the pressure ( )p  for three assigned values of γ . 

    
    (a) For GR      (b) For ( ),f R T gravity 

Figure 6. The advancement of the EoS parameter ( )ω  for three assigned values of γ . 

Fig. 6 demonstrates the aspects of the EoS parameter's advancement associated with the bouncing model for both 
the cases of GR and ( ),f R T  gravity. The EoS parameter downscales all via the phantom divide line ( 1)ω = −  to the 
underlying negative value in each respective temporal realm of the contracting and expanding Universe, thereby entering 
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the phantom region ( 1)ω < − , and it showcases a symmetric trend over the two faces of the bouncing epoch. This indicates 
that the cosmos is presently undergoing a phantom DE phase in symmetric bouncing cosmology. Moreover, the intriguing 
traversal of the EoS parameter along the quintom line close to the bouncing spot, as illustrated in Fig. 6, for three 
conceivable values of these model parameters γ , provides additional supporting evidence for the efficiency and 
credibility of the suggested bouncing model [71,72]. 

 
5. ENERGY CONDITIONS 

A system of linear equations incorporating density along with pressure referred to as energy conditions (ECs), 
which points out that gravity remains constantly repulsive; additionally, the energy density is unlikely to be negative. 
Building feasible bouncing models and investigating the kind of dark energy that sustains them depend on insights from 
ECs. Each of these ECs which are assimilated into GR and ( , )f R T  gravity as follows: 

(1) Null Energy condition (NEC) ⇔ 0pρ + ≥  

(2) Strong Energy Condition (SEC) ⇔ 3 0pρ + ≥  

(3) Dominant Energy Condition (DEC) ⇔ de depρ ≥  

   

    (a) For GR      (b) For ( ),f R T gravity 

Figure 7. Approach of ECs varying over the cosmic time. 

For the present bouncing scenario, the graphical representations of NEC, DEC, and SEC of our model varying with 
the passage of cosmic time for both the cases of GR and ( ),f R T  gravity are demonstrated in Fig. 7. An essential aspect 
of the bouncing situation is non-compliance with the ECs. It is abundantly clear from an investigation conducted in [59] 
that one must account for the violation of NEC and SEC while attempting to accomplish non-singular bouncing solutions 
within GR. Astrophysical observations [69, 70] must go against the SEC while complying with the persisting statistics of 
the speeding cosmos. It is noteworthy that an outbreak of dark energy is initiated by an invalidation of the SEC, which 
thereby validates the Universe's fast expansion. Furthermore, the spatially flat setting that we focused on herein demands 
NEC violation at the bouncing point for a successful bounce to occur [67]. As per the illustration in Fig. 7, we noticed the 
overall validation of DEC, whereas SEC is violated for intermediate values of γ . Consequently, our model meets the 
necessary criteria of NEC violation with constant negative value to enable a successful bouncing mechanism, while 
averting singularities, and the violation of SEC culminates in the Universe’s accelerating expansion, which is in 
concurrence with the current scenario of the cosmos. 

 

6. STATEFINDER DIAGNOSTIC  
The statefinder diagnostic assists in the investigation of bouncing model, as their time-dependent behavior close to 

the bounce indicates departures from conventional expansion and aids in finding the consequences of the DE model. 
These are therefore critically essential for grasping the dynamics of a non-singular, bounce-driven Universe. Sahni et al.  
[73] accompanied by Alam et al. [74] established the statefinder diagnostic pair { },r s  by exploiting the derivatives of the 
scaling factor with r  as the jerk parameter whereas s  represents the physical entities of DE, which are described by 

3
1and .

3( 1 2)
a rr s

qaH
−≡ ≡
−


 For ( , ) (1,1)r s = , the model reflects the cold dark matter (CDM) limit, while ( , ) (1,0)r s =  

belongs to the ΛCDM limit. When 1r < , it contributes to the quintessence DE era, the phantom DE  region for 0s >  
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while the trajectory for the Chaplygin Gas (CG) model arrives for 1r >  with 0s < . These two statefinder settings turn 

out to be 2 2

3r
tγ

= −  with 2 2

2 11
3 2 t

s
γ

 + +
=

 
 and their relation is expressed as 

 
( )
3 2

2 1
s
s

r −=
−

 (23) 

The deviation of r  against s  is depicted in Fig. 8 which signifies that our model approaches the ΛCDM model as it 
crosses the point ( , ) (1,0)r s = , while serving variations thereafter by covering the DE regions, including CG, 
quintessence, and phantom over the course of the Universe's development, which further supports the model’s consistency 
with our earlier studies [75–77]. 

 
Figure 8. The deviations of r  against .s   

 
7. STABILITY OF THE UNIVERSE 

Figuring out the stability of an observatory model is crucial for examining distorting behavior while forecasting the 
progression of the cosmos. The worthwhile indicator for assessing a dark energy model's stability in opposition 
to perturbations is the square of sound speed 2

sv  as studied in [49] which is prescribed by 2
sv dp d ρ= . The model's 

stability is specified by the sign of 2
sv . If 2

sv is positive, the model is rendered stable; otherwise, it grows into unstable. 
The expressions for 2

sv  for our GR and ( ),f R T  gravity framework are obtained, respectively, as 

 ( )
2 2

2 2
2 3

3 1s
t
t

v γ
γ

+
−

=  and 
( ) ( )

( ) ( )
2 2 2

2 2 2 2
2

3 1 3

3 3 1sv
tt

t t

β γ η γ

β γ η γ

−

+

+
=

−

+

+
. (24) 

      

    (a) For GR      (b) For ( ),f R T gravity 

Figure 9. Approach of stability factor 2
sv  varying over the cosmic time. 

For three specified values of γ , Fig. 9  displays the variations of the stability factor 2
sC  over the cosmic time. At the 

bouncing site and its neighbourhood, the stability factor 2 0sC >  which foresees stable behaviour for the bouncing period, 
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while the stability factor 2 0sC <  thereafter indicates instability over a prolonged time frame. Our model showcases 
bouncing conduct near 0t = , we draw the inference that our model is stable in the close proximity of the bouncing point. 

 
8. CONCLUSIONS 

In this study on the bouncing model within the light of the GR and ( ),f R T  gravity, we examined the cosmic speed 
singularity over a prolonged phase along with the exploration of the bouncing conduction. The incorporation of our model 
aims to elucidate the dynamics of the early Universe, particularly through the bounce, as well as the current era of 
accelerated expansion. Our approach was to prevent singularities and facilitate a smooth progression from contraction to 
expansion. We consider three conceivable values of model parameters as 0.7 ,0.8,0.9γ =  for obtaining the graphical 
presentations of various dynamic parameters of our model in accordance with the patterns of behavior observed during 
bouncing. The illustrations in the Figs. 1 and 2 display that the scale factor and Hubble parameter are respectively certain 
to be constrained by an essential condition of minimum non-zero scale factor ( )a t  and Hubble parameter H  being zero 
at the bouncing point owing to its symmetrical trajectory that transitions from contraction to expansion through a process 
of bounce whereas Fig. 3 shows that the deceleration parameter propels from 1q = −  to significant negative value while 
approaching to the point where the bounce occurs. The following presents a snapshot of the findings we observed for both 
the cases of the GR and ( ),f R T  gravity: 

• Our bouncing model has effectively shown an identifiable phase change from contraction to expansion, as 
evidenced by the graphical representations of both the energy density ( )ρ  over cosmic time for all assigned 
values of model parameters γ  (see Fig. 4). The model's effectiveness in illustrating this pivotal shift is 
highlighted by the consistent downward trajectory leading up to the bounce, followed by a rising trend post-
bounce. Additionally, the behavior of pressure ( )p  throughout the cosmic timeline as reflected in the Fig. 5 
reinforces the model's viability, as it remains negative during both the Universe's temporal regions which makes 
up an additional foundation for the Universe's rapid expansion. This combination of positive energy density 
along with negative pressure is crucial for achieving a non-singular bounce, further underscoring the attainment 
of our model. 

• The intriguing traversal of the EoS parameter along the quintom line ( 1)ω = − , close to the bouncing spot, 
thereby entering the phantom region ( 1)ω < − and a symmetric trend over the two faces of the bouncing epoch,  
as illustrated in Fig. 6 for all assigned values of model parameters γ , provides additional supporting evidence 
for the efficiency and credibility of the suggested bouncing model [71,72].  

• Our study points out how important the violations of energy condition are in establishing a non-singular bouncing 
model that takes cosmic acceleration into account, especially the NEC near the bouncing spot and SEC 
thoroughly as displayed in Fig. 7. The SEC breach offers reliable evidence of the rapid expansion of the cosmos. 
Our model accomplishes the required criteria of the NEC violation near the bouncing spot, thereby enabling an 
efficient bounce mechanism that refrains from singularities. 

• The statefinder diagnostic suggests that our model covers the DE components such as quintessence, phantom, 
and Chaplygin gas, thereby approaching subsequently to the ΛCDM model during cosmic progression as 
demonstrated in Fig. 8. At the bouncing spot, the stability factor 2

sC  supports the model’s requirements for a 
bounce, as shown in Fig. 9. 
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КОНЦЕПТУАЛЬНЕ ПОРУШЕННЯ ЕНЕРГЕТИЧНИХ УМОВ У КОСМОЛОГІЇ ВІДСКОКУ 

А.Й. Шайх1, С.М. Шінгне2, А.П. Дженекар3 
1Кафедра математики, Індіра Ганді Кала Махавідьялая, Ралегаон-445402. (M.S.) Індія 

2Кафедра математики, Коледж наук, мистецтв та комерції ім. Г.С., Кхамгаон-444312. (M.S.) Індія 
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Ця стаття зосереджена на дослідженні моделі відскоку в плоскому Всесвіті Фрідмана-Робертсона-Вокера (FRW). Параметр 
рівняння стану (EoS), що стосується розглянутої моделі, визначає особливості функціонування Всесвіту. Кінематику разом із 
фізичними атрибутами динамічних параметрів моделі всебічно досліджують. У цьому сценарії ми дослідили кілька 
енергетичних умов (ЕУ). Діагностична пара, що складається з методу визначення стану та параметра ривка, досліджується 
для ідентифікації суттєво різних космічних фаз. Ми використовували параметр квадрата швидкості звуку , розроблений для 
задоволення потреб аналізу стійкості нашої моделі. Наш аналіз показав, що результати нашого дослідження відповідають 
закономірностям, що спостерігаються у сценаріях відскоків, пропонуючи метод пояснення космічного прискорення, а також 
проблеми сингулярності у нашому Всесвіті. 
Ключові слова: сценарій відскоків; метрика FRW; гравітація; космічне прискорення 




