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Study of the scalar-fermionic model containing linear lagrangian fields of matter
within the framework of minimal coupling

In this article, we study a model of the universe with the scalar field and the fermionic field interacting via a
Yukawa-type potential. In the model, the component contributions of each of the fields are determined to the
total density and pressure of dark energy. We have considered the solution of the cosmological model for the
scale factor with two functional time dependences. The Yukawa-type field does not give its input to the gen-
eral pressure. In the power law case, there is a significant contribution to the total increase in pressure, to the
exponential — the scalar field. There are many cases when the universe makes a transition between succes-
sive epochs in various models of cosmological expansion. These regularities impose some restrictions on the
profile of the scalar- fermionic field interaction and the general cosmological dynamics. Energy conditions
were found to check the model under the study. In the studied model, the null energy condition, the strong
energy condition, the dominant energy condition are fulfilled, and the weak energy condition, which is not
mandatory, is not fulfilled. It is shown how it is possible to connect the cosmographic parameters — parame-
ters of deceleration g, jerk j and snap s with the power low the scale factor. We investigated these restrictions
using cosmological solutions with an evolving equation of state, such that a smooth transition between differ-
ent epochs can always occur in the universe. The scalar-fermionic model under study describes the accelerat-
ed modes of expansion of the universe. The obtained solutions correspond to the results predicted by the theo-
ry and observational data.

Keywords: scalar field, fermionic field, Yukawa-type interaction, minimal coupling, energy condition, the
cosmography.

Introduction

It is known that the universe is expanding with an acceleration, which is confirmed by the observational
data. One of the simplest candidates for the description of the dark energy, which causes acceleration, is the
cosmological constant A, introduced by Einstein in the theory of GR to describe the static universe. Space-
time with a positive cosmological constant is known as the de Sitter space-time. Therefore, the universe can
be described by the de Sitter geometry. The fermionic fields in cosmological models can be responsible for
accelerated periods in the evolution of the universe. In most of these models, the fermionic field plays the
role of inflation in the early universe and the role of dark energy in the later universe. These fermionic fields
have been studied using several approaches, the results of which include numerical solutions, exact solutions,
scenarios from anisotropy to isotropy, and cyclic cosmology [1-3]. The fermionic fields can be combined
with other components, such as the canonical and non-canonical scalar fields. In particular, inflation and
dark energy can be modeled in several ways. One subclass of these models considers this component as the
tachyon field, and this idea goes back to the models of string theory. Compared to the usual canonical the
scalar field, the resulting physics becomes richer as a whole, due to nonlinear effects. Depending on the ini-
tial conditions and interaction with other sources, these tachyons could contribute to the accelerated period of
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the later universe and be considered as a contribution of the dark energy. They can be permanent even in the
early universe, where they can be associated with the inflationary period. In works [4-13] the scalar and fer-
mionic fields were considered responsible both for the inflationary period and for the modern accelerated
expansion. This effect is recognized as a consequence of the dynamics of the model itself. The exotic nature
of these components does not contradict the observational data, and an important point of discussion is their
comparison with the canonical scalar field [14-18].

The work is structured as follows: we construct a model through an action, which represents the sum of
the Lagrangian densities of gravitational, the scalar fields, the fermionic fields and Yukawa-type fields. The
field equations of Dirac, Einstein, and Klein-Gordon are derived from the variation of the field action [19-
21].

The dependence of the scale factor on time reflects the main events in the history of the universe.
Moreover, it is the deceleration parameter that dictates the rate of the expansion of the Hubble sphere and
determines the dynamic change in the number of observed galaxies: depending on the sign of the decelera-
tion parameter, this number either increases (in the case of slow expansion), or we remain completely alone
in space (if the expansion is accelerated).

When checking fermionic sources as responsible for the accelerated expansion of the universe, different
regimes appear. In the scenario of the early universe, the fermionic field grows rapidly and the matter is cre-
ated until it begins to dominate and as a result, the initial accelerated expansion slows down. When the uni-
verse enters the domain of matter dominance, then the fermionic field again dominates, which leads to an era
of accelerated growth rates of the scale factor. In this case, the fermionic field is responsible for inflation in
the early universe and dark energy for the later universe, without the need for a cosmological study of con-
stant terms or a scalar field. In the later universe, energy again begins to dominate and there is a gradual tran-
sition to dark energy, the so-called fermionic energy period, in which the accelerated regime begins and con-
tinues into the modern era [22-33].

Methods

Let us consider the general action in the form

S = [ J=gd*x {5 +350"0, — V() + 5 [PT*D,p — (DDTHP] — Vo) — Popp}. (1)

Here the sources of gravity are: the density of the Lagrangian of the scalar field ¢

1
Ly = 50443, ~ Vi(),

where V; (¢) is the scalar field self-interaction potential. ~
The fermionic field with the potential of self-interaction V, (yy)

Ly = S [BrD,p — DB — Vo (i),

where 1 and ¥ = Ty represent the spinor field and its adjoint, respectively.
The Lagrangian density corresponds to the Yukawa type interaction showing the relationship between
the scalar and the fermionic fields

Ly = =)y,
where A is the coupling constant of the Yukawa potential.
From the variation of the action (1) on the spinor field v and its conjugate 1) follow the Dirac equations

iT*D,p — —26(;1"11) — gy =0,

V2(by)

iD, yTH +
: Y

+ A = 0,
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in addition, variation of action (1) with respect to the scalar field ¢ gives the Klein-Gordon equation for the
scalar field, which has the form

V, Vi) +Vi(P) + Apyp = 0.
The Einstein equations are obtained by varying the action (1) with respect to the metric tensor
1
Ruv - EngR = _Tuw
where T,,,, the energy-momentum tensor which is equal to the following expression

o = g0 - 9] 000% -
1 - » b b
—g"|50790:¢ — Vi(d) — 1y + % WriD;p — DYriy) — v, (ww)].

In order to study the evolution of a homogeneous and isotropic spatially flat universe, we use the
Friedmann-Robertson-Walker metric

ds? = —dt? + a(t)?(dx? + dy? + dz?), )
where a(t) is the scale factor of the universe. In this metric, the components of the tetrad are given by the
formulaase, = 6(‘,‘ and ei” = 61.”/a(t), Dirac matrices and spin connectivity are equal

re = YO’
1
r’ = l’
"
QO = 0,

1. .
Q; =5 a()y"o.
Here, the dot means the time derivative, and in what follows we will use the bilinear function u =
and let us introduce the notation V,,, = %. Then the Lagrangian of the model under study (1) will take the
form

L=-3ad? +a* ¢ — a*Vy(§) + a* ;(Pr°Y — Py°Y) — ¥V (u) — a*dug. ®)

From the Euler-Lagrange and energy-momentum tenzor, the complete system of equations of motion
corresponding to the Lagrangian (3) is

3H? = p, 4
2H + 3H? = —p, (5)
W+~ Hp + iy Vautp + iy = 0, (6)
P+ 2 Hp — iy Vo — iAphy© = 0, (7
$+3Hd +Vip+ Au=0, (8)
where _
p=L 1 V,(@) + Vo (w) + dug, ©
p =L - V(@) + V(W) ~ Vo), (10

For further calculations, we need an expression that follows from the definition of the bilinear function

u and equations (6)-(7), valid for an arbitrary potential V
C
u = E,
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where c is the constant of integration.

Results
Example 1
The system of equations (4)-(10) can have the following solution in the form of an exponential function
of the scale factor and the scalar field
a = age®, (11)

d) = (I)Oe_yt!
where ag,¢q, @ and y are some constants and a > 0, y > 0. Then from the Klein-Gordon equation (8) the
potential of the scalar field V; is equal
/1¢0cye—(3a+]/)t
aiBa+7y)
where V;, is the constant of integration. From equations (8) and (9) we find the potential of the fermionic
field V,

1 3
vy = _Ed)(z)yze—z)/t + Ea¢§ye—2yt - Vios

1 - Ace~Batnt
V, = =3agyy (5%6_ 4 +m> + Va0

The total energy density and pressure of the model under study from the Friedman equations (4) and (5)
are

where the conditions 3a? = V,, + V,, are satisfied for the constants.
The componentwise contributions of each of the fields to the total density (9), respectively, are equal to

/1¢OYC€_(3a+y)t
aiBa+y)

d)z 3 2 =2yt
pp =— + Vi(d) :Ea‘f’oye -

5 + 3a? =V,

1 - /166’_(3a+y)t
=1V,(u) = -3a —pge™ VN +——— |+ 1,,,
pPg (W) ‘lbo)’(Z ®o a3(3a+y)> 20

Acgo e~ Batyt
3 .
0

py = Augp =

Figure 1. The energy density p and the componentwise contributions of the densities versus time t, at o = 4,c =
2,a0 = 1,a = 1,)/ = Z,A = 6,V20 =1.
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Figure 1 shows the scalar field pj, (solid line), the fermionic field density p, (dotted line), Yukawa type

field density py, (dash line), the total dark energy density p (dash-dotted line). The figure shows that the
componentwise contributions of the densities in the early epoch change with time, while the total density of
dark energy remains constant.

The componentwise contributions of each of the fields to the total pressure (10) are respectively equal

to
d‘,z 3 /1¢0yce—(3a+y)t
=——V(¢p) = pdy2e V" — - piye ¥ + —3a? + Vg,
Pp ) 1(¢) = doy 2¢0Y ag(Sa ) 20
Acgg 1 Apyyce=Batnt
= Vo (W) — Vo (u) — pay2e ™2Vt — —— e~ BNt 4 3¢ | = p2ye 2Vt + — Vao.
193 20 (W) 2(u) — Pgy ag 2 boy ag(Ba ) 20

~10d 1

= Bif——p|

Figure 2. Total pressure p and componentwise contributions of the pressures versus time t, at oy = 4,¢c = 2,a4 =
La=1y=2,1=6,V,, =1.

Figure 2 shows the scalar field pressure p (solid line), the fermionic field pressure p (dotted line), the
total pressure p (dash line). The Yukawa-type field does not contribute to the total pressure. As seen from
Figure 2, the scalar field has a greater effect on the total pressure.

The solution for the fermionic field will be sought in the form

Yr () = A (£)ePx® k =0,1,2,3, (12)
where A, (t) and Dy (t) in the arbitrary functions of time.

Let us substitute the general form of the fermionic field function (12) into the Dirac equation (6), as a
result we obtain
piyiay 1

c 3a-2y

3
Yo (t) = Aooe_iateXp [i ( eGa=2nt 4 Doo)],

3 2,243 1
_ —5at [ PoY " Ag (Ba-2y)t
PY1(t) = Apqe exp [l < c 3a—2y e + Do1 |1,
=4 _fat [ _ %o 0 (Ba-2y)t D
P2 (t) 028 exp[z( c 3a—2ye + Doz ||,
3 2,203 1
H=A _Eat [ 70 0 (Ba-2y)t D ’
P3(t) 03€ 2 €xp [l< c 3a—2ye + Dos

where Ay, and Dy, at k = 0,1,2,3 are the integration constants. Conjugated field 1 = 1Ty respectively
equal to
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- 3 v%ad
H=A _Eat 0 0 (Ba-2y)t D ’
Po(t) 00€ 2 €xp|— < 3a—2ye + Doo
- 23 Psvia3
H=A Zat 0 Ba-2v)t 4 p
P1(t) 01€ 2 exp|[— ( 3a—2ye + Doy ||
- 3 2v2ad
) =—A _fat 0 0 (Ba-2y)t D ’
P2(t) 02€ 2 €xXp|— < c 3a—2ye + Doz
— 3 2y2q3 1
)= —A —itxt 0 0 (Ba-2y)t D
P3(t) 03 2 exp|— < . 3a—2ye + Dos ||,

where the conditions for the constants are satisfied % = A3, + A%, — A%, — A3, the definition of a bilinear

0

function that follows from u = ¢y =
0

Example 2
The system of equations (4)-(10) can have the following solution in the form of the power low the scale
factor and the scalar field
a = ayt?, (13)

¢ = ¢ot?,
where ay,¢,, @ and y are constants and a > 1, y < 0. Then from the Klein-Gordon equation (8) the poten-
tial of the scalar field V; is
20r - 1) ag(y —3a)
where V;, is the integration constant. From equations (9) and (10) we find the potential of the fermionic field
£

1
vy = —§¢(2)V2t2(y_1) - + Vio,

PoyPP Y a Aggct? 3¢
V, = 3a<— —2—3—) o
2r—1) t* ag(y —3a)

The total energy density and pressure of the model under study from the Friedman equations (4) and (5)
are

_ 3a?
==

(14)
p= %(2 - 3a),

where the conditions V;4 + V,, = 0 are satisfied for the constants.
The componentwise contributions of each of the fields to the total density (14) are respectively equal to
¢2 Vi) = Bagdyt* @D Aggyct 3
p [ — [ — p—
' 20— qir-3a)

+ Vlo,

3agiy?t?r-1  3¢2 _ 3adpyct¥—3%) v
200 - 1) 2 ajy-30)

pr=Va(w) =

Acpot? 3%
py = hugp = =0
ap
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Figure 3. The energy density p and the componentwise contributions of the densities versus time t, at Vo = 0, ¢y =
l,c=1lay=2,a=3,y=-2,1=0.5,q0y = 2.

Figure 3 shows the scalar field density p;, (dash-dotted line), the fermionic field density p, (dotted

line), Yukawa-type field density p, (dash line), the total dark energy density p (solid line).
The componentwise contributions of each of the fields to the total pressure (10) are respectively equal

to
i 2 2.2:2(y-1 -3
by =2 v (9) = piyre2n § FGETD Moyl 70,
2 20— 1) a3 (y — 3a)
2a  Apot’c 3agdy?t?0-D 302 3adgyct 3%
=V —Vo(w) — p3y2t20-D 4 — — - - + + Vio-
pr 2u(W) 2(u) — oy %) PIRPED 20y — 1) %) @ - 3a) 10

[——pb-- pf—p|

Figure 4. Total pressure p and componentwise contributions of the pressures versus time t, at Vi = 0,¢o = 1,¢c =
l,ap =2, =2,y =-2,1=0.5.

Figure 4 shows the scalar field pressure p,, (dash line), the fermionic field pressure p (dotted line), the

total pressure p (solid line). In this case, the fermionic field contributes more to the total pressure.
The solution for the fermionic field will be sought in the form (12). We substitute the general form of
the fermionic field function (12) into the Dirac equation (6), as a result, we obtain
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_.<¢(2)y2a8t(3a+2y) _ 2aa8t3“‘1 5 )

Ago
t) = ==
Yo(®) t%“ exp _l c(3a+2y) c(Ba—1) *

~

'_<¢§y2a8t(3“+2’/) ~ 2aa8t3“‘1 5 >

Aoq
t) = —— +
$(® t%a exp _l c(Ba + 2y) c(Ba—1)

~

'<_¢(2)y2a8t(3a+2y) Zaagt?’“_l 5 )

AOZ s
=== +
2(0) t%a exp _l c(Ba + 2y) c(Ba—1)

~

A [ 2 2a3t(3a+2y) 2aa3t3a—1 1
t,lg(t)z%exp i<—¢0y 0 0 +D )
2 i c(Ba + 2y) c(Ba—1)

where Ay, and Dy, at k = 0,1,2,3 are the integration constants. Conjugated field 1 = ¥ Ty° respectively
equal to

Yo(t) = 5—exp|—
t2¢

_ A01 2 2 3t(3a+2y) Zaa t3a 1 ]
Y (t) =Texp ( + Dy >

gy2a3t(3a+2y) Zaa t3a 1 D 1
c(Ba +2y) cBa—-1)

~

L c(3a + 2y) c(3a -1

Yo(t) = ———exp|—
t2%

~

¢2 2 3t(3a+2y) N 2aa8t3a—1 D ]
c(Ba + 2y) cBa—1)

Y3(t) = ——5—exp|—
t2%

3t(3a+2y) 2aa3t3a—1 ]
s +D
c(3a + 2y) cBa—1)

Cosmography

Cosmography makes it possible to test cosmological models that do not contradict the cosmological
principle [33]. The components of dark energy introduced by us in the model change the equations of mo-
tion, but they do not affect the relationship between kinematic characteristics. Another approach to finding
different models of dark energy is to use a pair of state determinants (j,s). It is known that the rate of expan-
sion of the universe can be expressed through the scale factor, and the deceleration parameter g corresponds
to the second derivative of the scale factor. The jerk parameter j corresponds to the fourth derivative of the
scale factor, and the third snap parameter (s). Expansion of the scale factor in a Taylor series in the vicinity
of the current moment of time ¢t leads to an expression that depends only on the metric (2) and is completely
independent of the model [34].

a(t) = ag + a(te) +;d(te) (t — to)? + 5, d(te) (t — t)* + 1 d(te)(t — to)*, (15)

where 0 means the current value of the quantity and terms above the fifth order have been omitted. The sign
of j determines the change of the universe’s dynamics, a positive value indicating the occurrence of a transi-
tion time during which the universe modifies its expansion. Moreover, the value of s is necessary to discrim-
inate between an evolving dark energy term or a cosmological constant behaviour.

Let us represent relation (15) in the form

a(t) q
oty = L+ Ho(t —to) = THE(t — t)*+

where deceleration parameter
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ia®) a1
az(t)  a(t)H2(t)

qt) =—

where a is the scale factor of the universe, and the dots denote derivatives with respect to proper time. The
expansion of the universe is considered to be accelerated if & > 0, in which case the deceleration parameter
will be negative.

For the most complete description of the kinematics of the cosmological expansion, it is useful to con-
sider the expanded set of parameters. The function in terms of derivatives of the scale factor and their value
at the power low the scale factor (13) is equal to:

Hubble parameter

lda «
H(t) = Pl
Deceleration parameter
1d%a /1day?
10 =gz (ca) =7

Jerk parameter
) = 1d3a(1da>‘3 . 3 2
j® = adt3 \adt

Snap parameter

1d*a /1da\™* 6 11 6
s(®) = adt* (a dt) 1

The parameters of deceleration, jerk and snap are dimensionless. These parameters are used to study the
dynamics of the later universe. The physical properties of the coefficients can be deduced in the form of the
Hubble expansion. In particular, the sign of the parameter g indicates whether the Universe is accelerating or
decelerating. The positive sign j defines a change in dynamics, indicating the emergence of a transitional
time during which the universe modifies its expansion [35]. The meaning s is necessary to distinguish the
evolutionary term of dark energy or the behavior of the cosmological constant. Using them, you can rewrite
expression (15) as

1 2 2 1 ; 3 3 1 4 4
a(t) = ao [1 + Ho(t — to) — EqOHO (t—to)" + 5]01‘10 (t—to)” + ESOHO (t—to)*|-
Accelerated growth of the scale factor occurs at g < 0. Accelerated increase in the speed of expansion,
H > 0, corresponds to g < —1.

Energy conditions

In the GR theory and modified theories of gravity, the distribution of mass, the momentum and the an-
gular momentum must have values for any field described by the energy-momentum tensor or the matter ten-
sor. However, Einstein's field equation does not impose restrictions on the types of states of matter or non-
gravitational regions allowed in the space-time model. This is a strong point, since general relativity should
be as independent as possible from any assumptions of non-gravitational physics. The weak point is that Ein-
stein's equation allows for solutions based on properties that most cosmologists regard as non-physical, i.e.
too unusual to correspond to anything in the real universe. The energy conditions are such criteria. They de-
scribe properties characteristic of all states of matter and all non-gravitational regions studied in physics.
Many non-physical solutions of Einstein's equations can be excluded with the help of energy conditions. In
cosmology, these four energy conditions are of great importance.

Null Energy Condition (NEC)

p+p=0.
Weak Energy Condition (WEC)
p=0,p+p=0.
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Strong Energy Condition (SEC)

Dominant Energy Condition (DEC)

p+3p=0,p+p=0.

p=20,—p<p<p.

For our model (13) the energy conditions will take the following form

NEC
2a
=z > 0.
WEC
2a
—=0
SEC
a 2a
—2(1—a)20, t_ZZO
DEC
3a? 302 (2-3a)a 3a?
—=0 < < .
t? ’ t? t2
19 309 -
0.8
20
0.6
NEC WEC
0.4
104
02
0 T T 1 0 |
0 h] 10 15 0 3 10
t
() Null energy Condition (5) (b) Strong energy Condition (5)
104 20
DEC
10
0 T i
2 4 10
? 8 IID
104
101
SEC -20
20
-304 : 304
-404 -40

(c) Weak energy Condition (5) (d) Dominant energy Condition (5)
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NEC is shown in Figure 5(a) (p + p is a solid line). WEC is shown in Figure 5(b) (p — solid line, p +
p — dotted line). SEC is shown in Figure 5(c) (p + 3p — dotted line, p + p — solid line). DEC is shown in
Figure 5(d) (o — dashed line, p — solid line, p — dotted line). These conditions impose simple and model-
independent constraints on the behavior of energy density and pressure. For our model, a null energy condi-
tion, a strong energy condition, a dominant energy condition, and a weak energy condition, which is not
mandatory, are fulfilled.

Conclusion

In this work, we analyzed a cosmological model with two components, the scalar field and the fermion-
ic field, interacting through a Yukawa-type potential. Cosmological solutions are obtained analytically for a
given value of the exponential and power scale factor. We investigate a particular solution in which it was
found that the Yukawa-type potential affects the density but does not contribute to the total pressure. These
limitations were studied using cosmological solutions with evolving equations of state, such that a smooth
transition between different epochs can always occur in the universe. We also considered some scalar-
fermionic model that can describe a single of dark energy — dark matter. To describe the kinematics of the
cosmological expansion, we found a wide set of parameters a small power scaling factor: the deceleration
parameter g, the jerk parameter j, and the snap parameter s.
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IL.IO. Lp16a, I'.C. AntaeBa, O.B. Pa3una

MuHuMaabl 63apa dcepJiecyiH KAMTUTBIH MAaTepPUs OPiCTePiHiH ChI3BIKTHI
JIArpaHKMAHAAPBbI 0ap CKAJAPJIbIK-GepMHUOHABIK MOAEbI 3epTTey

Makanaga FOxaBa THNTI MOTEHIMAT apKBUIBI OPEKETTECETIH CKAJLIPIBIK XOHE (EpMHOHIBIK epicTepi Oap
OJNIeMHIH MOJIelNi 3epTTeNreH. 3epTTeleTiH MO/eNble KapaHFbl SHEPTHSHBIH Kbl THIFBI3ABIFEI MEH KBICHI-
MBIHa ©picTep/iiH opKaHCHICBIHBIH Kypamjac Oeuiri GoMbIHINA yiecTepi aHbIKTanraH. KoCMOJOTHSUIBIK MO-
JIeTIb eCerTepiH mremyae QyHKIMOHAIBI yaKbITKa TAyenai eki memriMi 6ap macmradTsl (pakTop KapacTbl-
poutraH. FOkaBa THIITI epic skambl KbICBIMFA 63 YJIeCciH Kocmaiasl. Jopekenik xarnaiina GepMHOHIBIK epic,
aJ1 HKCIOHEHIMAIIBI — CKAJSPIIBIK OpicTe TONBIK KbICHIMFa KeOipek ynec Kocajpl. Kem jxarnaitnapaa, Koc-
MOJIOTHSITBIK YJIFAIOJIBIH OPTYPIIl MOJieTbAepiHe OJeM Ke3eKTi 1oyipiep apachlHAa aybICy bl )KY3ere achipa-
Jbl. By 3aHABUIBIKTAp CKaJAPIIBIK XKOHE (GEPMHUOHIBIK 6pic dcepiecy MpodHIiHe KOHE HKaJIbl KOCMOJIOTHS-
JBIK AWHAMUKara Oenrini Oip mekTeynep KOsSAbL 3epTTeNeTiH MOJENb/l TeKCepy YIIH SHepreTHKAabIK JKar-
Jail aHBIKTa/Ibl. 3ePTTENETIH MOISIIB/IC HOJIIK YHEPTeTHKAIIBIK XKaFIai, KYIITI SJHePreTHKAJIBIK jKaFaail, yc-
TEMJIIK YHEPTeTUKANBIK JKaraail OpbIHAANAIbI JKOHE MIHACTTI €MeC dJICi3 DHEPTeTUKANBIK JKaFrAall OpBIHAAN-
Maiinel. Kocmorpadusnbik napameTprepain —  6asysary mapameTpi, j cepriny mapameTpi xoHe S 6Gacy
nmapameTpJepiHiH AOpexeNiK MacmTaOTsl (aKTOPBIHBIH MOHIMEH Kanail OaillaHBICTBIpYFa OONATHIHIBIFBI
KepceTireH. by mekreynep KOCMOJIOTHSUIIBIK MISIIiMASP i KOIaHa OTBIPBII, SBOJTIOLMOHANABIK KYil TeHIe-
yiMeH 3epTTeN/i, ochuIaiila OneMzae op Typii ASyipiep apachlHaa OipKalbIIThl aybICy O0JIybl MYMKiH. 3epT-
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TEJIN OTBIPFaH CKaJSIPIBIK-(QEPMUOHABIK MOAETBACD OJIEMHIH yIeMell YIIFal PeKHUMICPIH CHIATTaiIbI.
AJbIHFaH HOTIDKE OOBIHINIA HIeHiMaep, OaKpUIay JepeKkTep HOTHKEIEpiMEeH TeopusichiHa GoDKay colikec Ke-
nemi.

Kinm ce30ep: ckamspisl epic, pepMHOHIBIK opic, FOkaBa THIITI acepiiecy, MUHUMAIIBI 9CepIIecy, SHepreTH-
KaJIBIK JKaFaai, kocMorpadus.

ILIO. 164, I'.C. AnrtaeBa, O.B. Pasuna

HccaenoBanme ckajasipHo-(pepMUOHHON MOJIEJIH, COlep Kallell JIUHeHHbIe
JIarPaHKMAHBI 110JIell MAaTepHH, B PAMKAaX MUHUMAJIBHOI0 B3aUMO/1eliCTBUA

B crartbe nccnenoBaHa Mojienb BeeneHHO# co CKaIsIpHBIMU M (PePMHOHHBIMH TIOJISIMHU, B3aUMO/ICHCTBYIOLIH-
MH depe3 noteHiman tuna fOxaBel. B naHHON MoJeny ompeneneHsl OKOMIIOHEHTHBIE BKIAIbI KaXKIOTO 3
0JIeH B MOJIHYIO IJIOTHOCTh U JIaBJIEHHE TEMHOM 3Hepruu. PaccMOTpeHo pelieHne KOCMOIOIHYECKON MoJe-
T JUTS MacmTabHoro (akropa ¢ IByMs (GYHKIHOHATEHBIMU 3aBUCHMOCTSIMH OT BpeMeHH. [lone Tuma FOkaBbt
HE JIaeT CBOETO BKJIAJa B oOmiee IaBieHHe. B cTeneHHOM cirydae GONBINHN BKIIaJ B ITOJHOE JIaBJICHUE OCY-
IIECTBISIET ()ePMUOHHOE TI0JIe, B AKCHOHEHIIMAIIBHOM — CKaJisipHOe. CyIIecTByeT MHOXKECTBO CIIydaeB, KO-
raa BeenenHas copepiaeT nepexol MEXAy HOCIEAYIOIIMHU SII0XaMHU B PA3IMUHBIX MOJEINIIX KOCMOJIOTHYe-
CKOTO pacHIMpeHus. DTH 3aKOHOMEPHOCTH HAKIAIbIBAIOT HEKOTOPHIE OTPAaHHYCHHS Ha MPO(HIb CKAISPHO-
(hepMHOHHOTO B3aMMOAEIHCTBHSA M Ha OOI[YI0 KOCMOJOTHYECKYIO TUHAMUKY. JIsI IPOBEpKH HCClIeTyeMOn
MOJENN HalIeHbl YHEpreTHYeCKUe yclIoBusA. B yka3aHHOH MoJenM BBIIONHIETCS HYJIEBOE SHEPIreTUUECKOe
YCJIOBHE, CHIIBHOE YHEPTeTHIECKOe YCIOBHE, JOMHHUPYIOIIEE SHEPTETHIECKOE YCIOBHE U HE OCYIIECTBISACT-
cst ciaboe SHEPreTHYecKoe yClIoBHe, KOTOpoe HeoOs3arenpHoe. [loka3aHo, Kak MOXKHO CBsA3aTh KocMorpadu-
YECKHUE MapaMeTPhl — MapaMeTphl 3aMeIEHHS. (], PBIBKA | 1 IIENYKa S CO CTENEHHBIM 3HAYEHHEM MACIITa0-
HOro (hakTopa. ABTOpPaMH HCCIIEIOBAaHbI OTPAHUYCHUS, C HCIIOIb30BAHUEM KOCMOJOTHYECKUX DEIICHUH C
SBOJIIOLIMOHUPYIOIUM YPaBHEHUEM COCTOSHMSL, TAKUM, UYTO BO BceneHHON Bcerna MoxKeT IMPOU3OWUTH IIaB-
HBIA Nepexo MeXIy pasHBIMH 3II0XaMH. B mcciemxyeMoit ckansipHO-(EpMHUOHHOW MOJENH OIHCAHBI YCKO-
PEHHBIE pexUMBbl pacuiupeHus BcenenHoli. IlonyueHHBIe pelIeHUs] COOTBETCTBYIOT pe3yJbTaTaM, MpejcKa-
3aHHBIM TEOpHEH.

Kniouesvie cnosa: ckamspHoe noie, GepMHOHHOE TONe, B3auMozaelcTeue Tima KOxaBbl, MUHUMaIbHOE B3au-
MozeiicTBHe, SHEPTeTHIECKHE YCIOBHUS, KOCMOTpadus.

References

1 Ribas, M.O., Devecchu, F.P., & Kremer, G.M. (2016). Cosmological model with fermion and tachyon fields interacting via
Yukawa-type potential. Modern Physics Letters A, 1(9) 1650039.

2 Riess, A.G., Filippenko, A.V., & Challis, P. et al. (1998). Observational evidence from supernovae for an Accelerating Uni-
verse and a Cosmological Constant. Astrophysical Journal, 116(3), 1009-1038.

3 Riess, A.G., Strolger, L.G., Tonry, J., et al. (2004). Type la supernova discoveries at z > 1 from the hubble space telescope:
evidence for past deceleration and constraints on dark energy evolution. Astrophysical Journal, 607, 665-687.

4 Ribas, M.O., Devecchu, F.P., & Kremer, G.M. (2011). Fermionic cosmologies with Yukawa type interactions. Europhysics
Letters Journal, 93(2), 19002.

5 Nojiri, S., & Odintsov, S.D. (2008). Future evolution and finite-time singularities in F (R) gravity unifying inflation and cos-
mic acceleration. Physical Review D, 78, 046006.

6 Nojiri, S., & Odintsov, S.D. (2007). Introduction to modified gravity and gravitational alternative for dark energy. Interna-
tional Journal of Geometric Methods in Modern Physics, 4(1), 115-145.

7 Bamba, K., Nojiri, S., & Odintsov, S.D. (2008). Future of the universe in modified gravitational theories: Approaching to the
finite-time future singularity. Journal of Cosmology and Astroparticle Physics, 10, 045.

8 Bamba, K., Odintsov, S.D., Sebastiani, L., et al. (2010). Finite-time future singularities in modified Gauss-Bonnet and F(R,
G) gravity and singularity avoidance. The European Physical Journal C, 67, 295-310.

9 Padmanabhan, T. (2002). Accelerated expansion of the universe driven by tachyonic matter. Physical Review D, 66, 021301.

10 Abramo, L.R.W., & Finelli, F. (2003). Cosmological dynamics of the tachyon with an inverse power-law potential. Physics
Letters B, 575(3), 165.

11 Calcagni, G., & Liddle, A.R. (2006). Tachyon dark energy models: Dynamics and constraints. Physical Review D, 74,
043528.

12 Myrzakulov, R., Saez-Gomez, D., & Tsyba, P. (2015). Cosmological solutions in F (T) gravity with the presence of spinor
fields. International Journal of Geometric Methods in Modern Physics, 12, 1550023.

64 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Study of the scalar-fermion model containing linear ...

13 Yerzhanov, K., Yesmakhanova, K., Tsyba, P., Myrzakulov, N., Nugmanova, G., & Myrzakulov, R. (2012). g-Essence as the
cosmic speed-up. Astrophysics and Space Science, 341(2), 681-688.

14 Avelino, P. et al. (2016). The politics of sustainability transitions. Journal of Environmental Policy and Planning, 8(2), 70.

15 Joyce, A., Jain, B., Khoury, J., & Trodden, M. (2015). Beyond the cosmological standard model. Physics Reports, 568(2), 1
98.

16 Bamba, K., Capozziello, S., Nojiri, S., & Odintsov, S. (2012). Dark Energy Cosmology: The Equivalent Description via Dif-
ferent Theoretical Models and Cosmography Tests. Astrophysics and Space Science, 342, 155-228.

17 Copeland, E.J., Sami, M., & Tsujikawa, S. (2006). Dynamics of dark energy. International Journal of Modern Physics D,
15(11), 1753-1935.

18 Capozziello, S., De Laurentis, M., Nojiri, S., & Odintsov, S.D. (2009). Classifying and avoiding singularities in the alterna-
tive gravity dark energy models. Physical Review D, 79, 559.

19 Ribas, M.O., Devecchi, F.P., & Kremer, G.M. (2005). Fermions as sources of accelerated regimes in cosmology. Physical
Review D, 72, 3502.

20 Samojeden, L.L., Devecchi, F.P., & Kremer, G.M. (2010). Fermions in Brans-Dicke cosmology. Physical Review D, 81,
7301.

21 Samojeden, L.L., Kremer, G.M., & Devecchi, F.P. (2009). Accelerated expansion in bosonic and fermionic 2D cosmologies
with quantum effects. Europhys. Letters, 87, 1.

22 Razina, O., Tsyba, P., Meirbekov, B., & Myrzakulov, R. (2019). Cosmological Einstein-Maxwell model with g-essence. In-
ternational Journal of Modern Physics D, 28(10), 1950126.

23 Razina, O., Tsyba, P., & Sagidullayeva, Z.M. (2019). Power solution of the f (R)-gravity with Maxwell term and g-essence.
Bulletin of the university of Karaganda-Physics, 1(93), 94-102.

24 Ribas, M.O., Zambianchi, P., Devecchi, F.P., & Kremer, G.M. (2012). Fermions in a Walecka-type cosmology. Europhysics
Letters, 97, 5.

25 Kulnazarov, 1., Yerzhanov, K., Razina, O., Myrzakul, Sh., Tsyba, P., & Myrzakulov, R. (2011). G-essence with Yukawa In-
teractions. The European Physical Journal C, 71(7), 1698.

26 Tsyba, P., Razina, O., Barkova, Z., Bekov, S., & Myrzakulov, R. (2019). Scenario of the evolution of the universe with equa-
tion of state of the Weierstrass type gas. Journal of Physics: Conference Series, 1391, 012162.

27 Razina, O.V., Tsyba, Yu. P., Myrzakulov, R., Meirbekov, B., & Shanina, Z. (2019). Cosmological Yang-Mills model with k-
essence. Journal of Physics Conference Series, 1391, 012164.

28 Altayeva, G., Razina, O., & Tsyba, P. (2022). Cosmography in the multifield cosmological model. Bulletin of the University
of Karaganda-Physics, 2(106), 37-48.

29 Myrzakulova, S.A., Razina, O.V., Myrzakulov, N.A., & Altaybaeva, A.B. (2022). Slow-roll inflation in the k-essence model
with a periodic scalar field function. Recent Contributions to Physics, 81(2), 19-27.

30 Rakhatov, D.Z., Tsyba, P.Y., & Razina, O.V. (2022). Power-law solutions of the f(G) gravity model with electromagnetic
and scalar field. Recent Contributions to Physics, 80(1), 12-21.

31 Razino, O., Myrzakulov, Y., Serikbayev, N., Myrzakul, S., Nugmanova, G., & Myrzakulov, R. (2011). G-essence cosmolo-
gies with scalar-fermion interactions. European Physical Journal Plus, 126(9), 85.

32 Bolotin, Yu.L., Erokhin, D.A., & Lemets, O.A. (2012). Rasshiriaiushchaiasia Vselennaia: zamedlenie ili uskorenie? [Expand-
ing Universe: slowdown or speedup?]. Uspekhi fizicheskikh nauk — Advances in the physical sciences, 55 (9), 876-918 [in Russian].

33 Arjona, R., & Nesseris, S. (2021). Novel null tests for the spatial curvature and homogeneity of the Universe and their ma-
chine learning reconstructions. Physical Review D, 103, 063537.

34 Capozziello, S., Cardone, V.F., & Salzano, V. (2008). Cosmography of f (R) gravity. Physical Review D, 78, 063504.

35 Capozziello, S., D’Agostino, R., & Luongo, O. (2008). Gravity Cosmography. General Relativity and Quantum Cosmology,
1(35), 82.

Cepus «dunsukay. Ne 2(110)/2023 65



