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AHHOTanusA. M3ydyeHbl KOCMOJIOTUYECKUE MOJICIN B CIEHMATIBHOM IMOJKIACCE CKaJIspHO-
TEH30PHOM TEOpHM rpaBUTalMU XOpPHAECKH. llomydeHbl ypaBHEHHS MOJIA U3 JEHUCTBHS C
HEMUHUMAaJIbHON KUHETUYECKOW CBsA3bIO. IIpoBelleH aHanmu3 peunieHus Hallux MOJENEH,
HCCIIEI0OBAaHO MOBeieHNE BeeneHHoM Ha pa3HbIX CTA/IUSIX €€ IBOJIIOIHUH.

KiawueBble cjioBa: KOCMOJIOTH:A, CKAJIAPHO-TCH30PHBIC TCOPUU I'PAaBUTALIUN

BBenenne. CeroHsi B KOCMOJIOTUH CYIIECTBYET PsAJl HEPELIEHHBIX MPOOJIEM, KOTO-
pble MOYKHO PEIINTh, MOAU(PHUIIMPOBAB OOIIYI0 TEOPUIO OTHOCUTEIHHOCTH, THOO MMy-
TE€M BBEJICHHUS JIOTIOJHUTEIBHBIX HW3MEPEHHUH, MO0 myTeM M00aBJIEHUS TOTIOTHH-
TEIBHBIX cTerneHel cBo0o bl ITocne otkpeiTist B 1998 1. yckopeHnHOro pacumpenust
BceneHHol MOSBUJICS HOBBIM MMITYJIBC B U3YYEHUU MOIU(PUIMPOBAHHBIX TEOPUI
rpaBuTaru. st 3Toro TpedyeTcs HeKni 3araIoYHbIN ICTOYHUK, TPOHU3BIBAIOIIIHIMA
BCE IIPOCTPAHCTBO-BPEMS WJIH, APYTUMU CIIOBAMH, HEKOE II0JIE C OTPULATEIIbHBIM
nasnenneM W ~ —1. Haunbosiee BEepOATHBIM KaHAUAATOM Ha 3TO SIBISCTCS BAKyyM-
Has SHEPrus KBaHTOBBIX nojer. Ho m3mepenHsle ckopocTu pacmmpenuss Beenen-
HOM TOKa3bIBaIOT, uTo Macca Ha 15—30 HOpSAKOB MEHBIIE, YeM IOKHA OBITH
B TEOpUU. ITO HECOOTBETCTBHUE, U3BECTHOE KakK MpoOiIemMa KOCMOJIOTHYECKOM Mo-
CTOSIHHOM, MOOYJIMJIO HMCCIIeIOBAaTENe K M3YUYEHHIO CLIEHApUEB, KOTOPbIE MOIJIH
Obl OOBICHUTH CaMOYyCKOpstoleecs oBeeHue BeenenHoil 3a cyer nerpaBuTanuu
BAaKyYyMHOM 3HEPTUH. B KauecTBe OJTHOTO U3 YHUBEPCAIBHBIX BAPUAHTOB PELICHUS
ATOTO HECOOTBETCTBHSI Mbl PACCMATPUBAEM CKAISIPHO-TEH30PHYIO TEOPHUIO I'PaBU-
tanmn XopHaecku [1] ¢ ypaBHeHusiMu moist He BbIe BTOPOro mopsaka. Teopus
IpaBUTAlNA XOPHAECKHU COJIEPKUT BCE PaHEE U3YUEHHBIE MOJEIU CO CKaJIAPHBIM
II0JIEM, CBA3aHHBIM C I'paBUTAllMEHd. BBUAY 10CTaTOYHONW TPOMO3IKOCTH U CIIOKHO-
CTH ISl MCCIEeOBaHUs OOIIell Teopun XOPHAECKH, Mbl PAaCCMOTPUM MOJKIIACC
ATOM TEOPHUM T'PABUTALMH, 4 UMEHHO OJHOPOJHBIE M MU30TPOMHBIE KOCMOJIOTHYE-
CKM€ MOJEIH B IIOJAKIACCE 3TOM TEOPHU C Pa3IMyYHBIM 3HAKOM KPHBHM3HBI K = -
1,0,1, 9o COOTBETCTBYET OTKPHITOM, IIIOCKO# M 3aKPBITOM MOIEIsIM BeeaeHHOH.
Metoabl U MaTepuaJbl; pe3yjbTarbl. B Hamieil pabote Mbl paccMaTpuBaliu
YACTHBIN CITydail TEOpUH IpaBUTAIMK XOPHICCKH, OMUPAsCh Ha paboty [2]:

s= [[x+(ME+ r@VE) R+ [(7779) - (7m0) ]| ax,
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rae f(¢p) — mnpousBonbHas CKamsgpHas (yHKIHsS, R — CKalgpHas KPHBH3HA,
o 1 ;
Mp; — macca IInanka, X — KuHeTHYeCKUH 4ieH, npuyem X = Eq.’)z B METPHUKE
dr?
®puamana — Jlemerpa — Pobeprcona — Yonkepa ds? = —dt? + a(t)? (1 =T

+ r2(d6? + sin6? dg?)). Hauwm ocHOBHBIE ypaBHEHHs IOJsS ¢ (YHKIUEH CKa-
JISIPHOTO TIOJIsI, MOJB3YsCh cTaThel [3], KoTophle HEOOXOIUMO MU3YUYUTh B JAHHOM
OHOPOAHOM M M30TPOIHOM KOCMOJIOTMYECKOW Mojnenu. B momyuuBmmxcs ypas-
HEHHSX Mbl PACCMOTPENH Cily4an ¢ QpyHKuuei ckamspaoro nons f(¢), npuHuMa-
romee nocrosunyio (f(¢) = B,), nuueitnyio (f(¢p) = B, + B,¢) u KBagpaTnuHyO
saBucuMocTH (f (@) = By + f1d + B, P?). PaccMoTpenn nmoBeaeHne MacTabHOTO
dakropa a(t), napamerpa Xab6sa H(t) u ckamspHoro moas ¢(t) Ans Kaxiaoro
3aJJaHKsl CKAJSIPHOTO TOJIS TIPH OIPEICIICHHBIX MmapaMeTpax B, f1, Ba.

Bakmovyenue. VccieqoBana HM30TPONHAS M OJAHOPOJAHAS KOCMOJIOTHYECKAs
MO/JIC]Ib B CIIEHHAIBHOM IOAKIACCe TEOPUHU TpaBHUTAIMKM XOpHACCKH. I1oaydeHbl
OCHOBHBIC TIOJICBBIC YypaBHEHHs. [locTpoeHBI pelICHHS M TPOBEACH aHau3.
B cnyuae f(¢p) = Sy + f1¢ nocTpoeHa mMojesb, onuchiBaroiias kBazu-ae Curre-
POBCKYIO cTafuio (MH(IAIMOHHYIO) CTaIMI0 Ha paHHEM dTarle 3Bojonuu Beeen-
HOW T OTKPBITON U IIockor Bceenennsix. [loBenenue xe 3akpeiToil Beenennoi
0Ka3aJIoCch MepruoIudeckuM s cinydast f(¢) = By ¥ yXoaiiield B CHHTYJIIPHOCTb
s f(p) = By + B1¢. Taxxe, s f(Pp) = By + B1¢ + B,d? nokazanu crnoxHoe
noBejicHue BceneHHOW mpu pasiuvHbIX THapameTtpax fSq 1,2 A OTKPBITOH,
IJIOCKOM M 3aKpbITOW BcelleHHBbIX.
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Abstract. Cosmological models are studied in a special subclass of the scalar-tensor theory
of gravity of Horndeski. Equations of the field of action with non-minimal kinetic coupling
are obtained. An analysis of the solutions of our models is carried out, and the behavior of
the Universe at different stages of its evolution is studied.
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Introduction. There are currently a number of unsolved problems in cosmology
that can be solved by modifying general relativity, either by introducing extra di-
mensions or by adding extra degrees of freedom. The discovery of the accelerating
expansion of the Universe in 1998 has given new impetus to the study of modified
theories of gravity. This requires some mysterious source permeating all of
spacetime, or in other words, some field with a negative pressure w ~ —1. The most
likely candidate for this is the vacuum energy of quantum fields. But measured ex-
pansion rates of the Universe show that the mass is 15 to 30 orders of magnitude
smaller than expected in theory. This discrepancy, known as the cosmological con-
stant problem, has prompted researchers to explore scenarios that could explain the
self-accelerating behavior of the Universe through the degravitation of the vacuum
energy. As one of the universal variants of solving this discrepancy, we consider
the scalar-tensor theory of Horndeski gravity [1] with field equations of no higher
than the second order. The Horndeski theory of gravity contains all previously
studied models with a scalar field associated with gravity. Due to the sufficient
bulkiness and complexity for studying the general Horndeski theory, we will con-
sider a subclass of this theory of gravity, namely, homogeneous and isotropic cos-
mological models in the subclass of this theory with different signs of curvature k =
-1,0,1, which corresponds to the open, flat and closed models of the Universe.

Methods and materials; results. In our work we considered a special case of
Horndeski's theory of gravity, based on the work [2]:

1
5= [ 1X+ (M + FOWE) R +[G7*9)2 - )21

where f(¢) is an arbitrary scalar function, R is the scalar curvature, Mp; is the
Planck mass, X is the kinetic term, and X = %qbz in the Friedmann-Lemaitre-
dr?

Robertson-Walker metric ds? = —dt? + a(t)? =+ r2(d6? + sin 82 dg?)).

We found the basic field equations with the scalar field function using the article
[3], which need to be studied in this homogeneous and isotropic cosmological
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model. In the resulting equations, we considered cases with the scalar field function
f(¢) taking a constant (f(¢) = B,), linear (f(¢) = B, + B,¢) and quadratic de-
pendences (f(¢) = By + B1d + B,»?). We considered the behavior of the scale
factor a(t), the Hubble parameter H(t) and the scalar field ¢ (t) for each assign-
ment of the scalar field for certain parameters S, 81, 5.

Conclusion. An isotropic and homogeneous cosmological model in a special
subclass of the Horndeski gravity theory is investigated. The main field equations
are obtained. Solutions are constructed and an analysis is performed. In the case of
f(p) = By + P19, @a model is constructed that describes the quasi-de Sitter stage
(inflationary) at the early stage of the Universe evolution for the open and flat Uni-
verses. The behavior of the closed Universe turned out to be periodic for the case
of f(¢p) = By and going into a singularity for f(¢) = B, + p,¢. Also, for f(¢) =
= By + B¢ + B, »*, a complex behavior of the Universe was shown for different
parameters Sy, f1, B for the open, flat and closed Universes.
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