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Introduction

In this model, we start with a generalized form of gravity, where the action is described by a
function F that depends on three main components: the Ricci curvature (R), the Kinetic term of the scalar
field (X), and the scalar field itself (o). This approach allows for a broader range of physical phenomena
to be considered than the standard Einstein action.

The next step is to consider the model as a generalization of the Starobinsky model. The
Starobinsky model is one of the most well-known inflationary models proposed in the early 1980s. It is
based on adding an additional term to the Einstein action proportional to the square of the Ricci curvature.
This additional term plays an important role in generating the inflationary period in the early universe.

A detailed study of this model may lead to new predictions about the early universe, the structure
of cosmic time, and other important aspects of cosmology. Confirming or refuting such predictions
requires comparison with observations and analysis of experimental data.

Lagrangian have the next form:
L = (C3R + CsX)?+ C1R + C2X — V(o );

or

L = C1R + C3°R%+ C2X + 2C3C4RX + C4?X%- V(g );
Here C1, C2,Cs, C4— constants, R — curvature scalar, X — kinetic term of the scalar field, ¢ — scalar

field.

This Lagrangian we rewrite in next form [1]:
L = a3F — a®FgR — a3Fau — 6Fpa?a — 6Fpaa’® — a3Fy (X —v—1¢?)
1)

We can find the effective speed of sound c2 for this case [2,3]:

2 _ Fx |

s Kx '’
_ G +2C3CR+2C5X
"~ C,+2C3C,R+6C2X

cs

The Friedmann equation for this case:

k? Cy+2 C3C4R+6CZX+R+R?*+X 4
= — + + + .
Hz 3 (or + pm 4M*(Cy+2 C3C4R+2CZX) (¢) Vie)):

)
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while the fluid and scalar field equations of motion are [4]:

pr = —3Hy,py;

Pm = —3HYmPm;

F=(C3R+ CX)?+ C,R+ C,X V(o).
Here and after denote F(R, X, @) as F, and Fy, Fx, F,, is derivations of F function by R and X
respectively. If we consider that u depends linearly on a, a, d and R, then we can write the Lagrangian
this way [1]:
L = a®[(C3R +C,X)*+C,R +C,X —V(p)- byR(2C2R + 2 C3C,X + C;)]- 6aa? (b1 (2C2R + 2 C3C4X +
C,)) - 6a2a[R(2C2+ X(2 C5C,)]- a®(2C3C4R + 2C2X + C,);
3)
Here b,, b,- some constants. A similar result is obtained for u(a, a). So there is no big difference
between is linearly depends on R, T or only a, a. After, we use poin-like Lagrangian, where u is some
functions of a, a only as
Fo - 3HE.@ — [RFxg + XFxx + @Fx]® - Fx¢ = 0;

(4)
And kinetic term of scalar field as
=12
X—-2 p-.
Find the scalar field ¢, potential V from (4):
Vi, - BHQ2CEX + Cp) - 2CZ 2 - CZp2p=0.
Here we use exact form as
a=ayt";
Vi, = Voo™
Voo™ - 3p3Cim3(n+m+ 1)t3™ % — 3nC,p,mt™2=0.
From here scalar field ¢ and potential V:
3m-4 m-2
P=@o1t n + @gopt n |
(5)
V=V t3M% + 1, t™ 2,
(6)

For this most general form of the cosmological model with a scalar field the Euler Lagrange equations
will have the following very complex form:

F-AFp-(Ua % — 4H)- F-2Fg-Fy (X ¢2)=0.
Here
A=R-u -gua +uya+ ua.aag + uddd§—4H + 6HZ;
F—(R—U-Zug+ ugd + g + Ugqlis —4H + 6H?)Fp - (Ua s — 4H) Fr-2F-Fy(X=> ¢?)=0.

Here:

u=uya™ - a.

For FRW we can write Ricci scalar as
R= u+6(H + 2H?).
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We can take
F=C,R + C,X + (C3R + C,X)2 - V.

Scale factor
a=ayt";

and Hubble parameter as
H=4 -1
_ Ta ot
So we have Euler-Lagrange equation as:
3m 5, m-2
tzmn_muoaglﬂnl(C1+C3C4((P01(3Tm'1)t7_2 + ‘Poz(mTZ)tT_l)z' 4C3) + t~*n(12C;n - 6C, +
1 3 3m_ -2, m=2_ 3 3m_ -2, m=2_
Eczn(fpo1(7m'1)t n <P02(mT)t n )2+ 6nC3C4((p01(7m-1)t n 4 (Poz(mT)t n )2 -
3etmn=2m 2y 20200 Dp211 19t =4 Con(23C5n — 12C3n3 — 6n2 + 1213 + 16n2C; +
1 3 m_ -2, m-2_ _ _
12C5)+; CZ(‘P01(Tm'1)t n <P02(mT)t n )R Vo 63T Vgt ™2+
4t2m—n—2u0a6n+lnlc3(2nc3 _ 12"263 + 3n2)+ gt3mn+ln—l—mu(2)a(2)(m+l)n2ng(nl—l(lz _
Dlaon(n — 1)]agt — In! — 1) + 2t3m+n=my 22040 p2l-102 4 gmnting qmtlpl (240 2n =1L
3m _ m—2
126§t—1—l—n + t—l+1C3C4(¢01(3Tm_1)t7—2 + gDOZ(mTZ)tT—l)Z_'_ %uoma6n+lngnlthn—Zn—Hl—m_
3m
4C2 (1 — Dagin~tt " 2[agn(n — 1)])+§ tm”””‘la(,"”leC4(<p01(37m-1)t7_2 +
-2, m-2_ o _ _ 3

P02t m D = Dn%agt [agn(n — 1)] = 1)+ 48t ~3n2CF(L1-2n) - 4t~ nC3C4 (901 (-

3m_ -2, m=2_ 3 3m_ —2, m=2_ 3 3 3m_

DEn 2+ @)t )2+ 2 (o1 (-DE 4 ()t w1 (@or (L) (G - 2)ew o+

_ _ m-—2
Qo () (= — 1)t n 2483 mmtin=ly il C2n b 11(2n-1) - 4C;Co((o1 (1) —
m-2_,

3m_ -2, ,m-2 3 3m_ -2, m=2_ 3 3
2)tn 7+ 9ot = DE )+ (@or D H pop ()t D) (Poa (-1 -

2) (22 -3) 7 + 9o EAEE - D2 - 2w ) =0,

n

()

Conclusion

In this paper, we have considered extended modified gravity with curvature, scalar and their

kinetic terms. This is a modification of Starobinsky gravity. We have shown that here exists solution and
find the Euler-Lagrange equation for power-law model.
This research has been funded by AP19175860 «Hccreoosanue ypasnenus Monxca-Amnepa
ceomempudecCKumu Memooamu meopuu COJIUMOHOB U €20 NPUMEHEHUE K PEeULeHUIO d)MS’ulleCKux 3a0auy
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MYJIbTUIIOJIEBBIX TEOPUSIX TPABUTAIINHA
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Crynent O6akanaBpuatad kypca kageapsl <<PensTUBHCTCKasi KOCMOJIOTHS>>
EBpazuiickoro HarmonaiasHoro yuusepcurera Mwm. JI. H. I'ymuneBa, Actana, Kazaxcran
Hayunsiii pykoBogutens - Lp16a [1.1O.

Mogpens, pacMaTpuBaeMmasi B 3TOH pabote, H3iaraercst JeicTBueM (HepMHOHHOTO TIOJIsL, KOTOpPOE
HEMHMHHMAJIBHO CBSA3aHO CO CKAJSIPOM BpallleHUs

L= [ d*x /=g {F(®OT + :[pr*(3, - Q)0 — P (@, + Q0Ty] - v(®)} @

rae T - ckansp Bpamenus, 1 u P = P *y°0603Ha4ar0T CIUHOPHOE T0JIE U COMPSKEHHOE ¢ HUM, PUYEM
KPECTHK TpelcTaBiseT koMiuiekcHoe compspkerue. F(W) u V (V) sBisitores oOmmmMu QyHKIHAMHE,
NPEJCTABIAIOIIMMU CBSI3b C TpaBUTALMEd M MOTEHIHal CaMOB3aUMOACUCTBUS (PEPMHOHHOIO MOJIs
COOTBETCTBEHHO. B 3TOM HcCie0BaHNM, MOCKOIBKY MBI (poKycupyemcs Ha 3¢ dexre GpepMHOHHOTO
[OJI1 B KOHTEKCTEM TeJleNapajieNIbHOW TpaBUTAllMM, Mbl MOXKEM IpeHeOpeub BKJIAJOM OOBIYHOMN
matepun. OtmeTnM, 4yTo JeiictBue B (1) MONHOCTBIO AKBUBAJIEHTHO CTaHAAPTHOW OOILIEH Teopuu
OTHOCUTEJIBHOCTH ¢ (DEPMUOHHBIM TOJIEM, IJIe MUHUMAJIBHO CBSI3aHO cO cKaisipoM Puuum. B Hameit
paboTe AJis TPOCTOTHI MBI MpemnoaraeM, uto F u V 3aBucsaT Tonbpko oT ¢yHKIMi omnnHeitHoro ¥ =
Y. Kpome TOro, B ONMHCAHHOM BBIIIE JEHCTBMH QU ABJIAETCA CIHHOBBIM COEIMHEHHEM Q, =

1
-3 Jov| A~ ey d,e;|r°T* ¢ [, obosHauaer craHmaptHyro cBs3b Jlepu-Uusurer TH = elyayH

SABJISIIOTCA MaTpulaMu [{upaxa.
3/1ech MBI PaCCMOTPUM TPOCTEUITYIO OJHOPOJHYIO U M30TPOMHYI0 KOCMOJOTHYECKYt0 Mojaenbs OPY,
MPOCTPAHCTBEHHO TIIOCKAs METPUKA KOTOPOH 3a1aeTcst hopMyIioit

ds? = dt? — a?(t)[dx? + dy? + dz?] (2)
rae a(t) - macTabHbI KodpunmeHt BeenenHoi. B TenenapaiiensHON rpaBUTAIIMN CKAJSIP KPYICHUS,
o 6 2
cooTBeTcTByOmUN Merpuke ®PPY (2), mpunumaer ¢opmy T = — C:LZ, rJ€ TOYKa IMpEACTaBISET

nuddepeHnalroo Mo OTHOLIEHUI0 K KocMuyeckoMmy BpemeHu t ([1]). YuutsiBas ypaBHenuu (2),
MOJTyYUM TOUYEYHBIN JarpaHxuan u3 nerucraus (1)

L = 6Faa? — g(d—}yod‘} — Jyogb) + a®v (3)

3/1eCh M3-3a OAHOPOJHOCTH M M30TPOINUM METPUKH IPENIOoIaraercs, 4ro CIMHOPHOE IOJIE 3aBHUCHUT
TOJIBKO OT BpEMEHH, T.e. P = P (t). YpaBHenus Jlupaka A CIHHOPHOTO MOJS P U CONPSHKEHHOTO C
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