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CUHrynspHbIA OTCKOK B TEOPUM FpaBUTaLL UK
C HEMUHUMANIbHOU KMHETUUYECKOM CBA3bIO
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AnHoTanusa. Hamu ObLT MCClIeIoBaH CIIGHAPU omcKoka B paMKax OJXHOPOJHBIX M H30-
TPOITHBIX KOCMOJIOTUYECKUX MOJEJICH ¢ MPOU3BOJIBHON MPOCTPAHCTBEHHOW KPUBH3HOW B
TEOPUH IPABUTALINN ¢ HEMHHUMAIBHON KHHETHYECKOM CBSI3bI0 CKAISPHOTO OIS ¢ KPUBU3-
Hoi, 3amannoil wierom (¢ / Hy?) G"'¢..¢., B marpamxuane. B obmewm ciydae Moens onpe-
JICNIAETCS MISCThIO Oe3pa3MEpHBIMH MapaMeTpaMM: MapaMeTpoM CBs3HM { U mapaMeTpamMu
wiotHocTH ) (KocMosormdeckass mocrostHHast), Q; (mpocTpaHCTBEHHas KpUBHU3HA), 3
(HepensituBuCTCKas Matepus), €y (m3mydenue), Qg (ckaxssproe mose). Kak u 0Kumaanocs,
MbI OOHAPYKHJIH, YTO B KOCMOJIOTHYECKUX MOJEISAX C OTPHULATEILHON MM HYJIEBOH MpO-
CTPAHCTBEHHOM KPUBU3HOM HET TOYEK IIOBOPOTA H/HIH OTCKOKOB. B TO e BpeMst B MOJIEIIN
C TIOJIOXKHUTEIBHON MPOCTPAHCTBEHHOW KPUBU3HOW MOTYT CYIIECTBOBATh KaK TOYKA IMOBO-
pOTa, Tak M OTCKOK. B yacTHOCTH, OTCKOK — Korja cxarre BceleHHON cMeHseTCs pacIliy-
PEHHEM — IPOUCXOAUT IIPHU T = T+, Koraa a(t) = amn= (3(Q2)"%, rue t = Hot — 6Gespas-
MEPHOE KOCMHUYECKOE BPEeMs, a T« — MOMEHT, KOI'/Ia IPOUCXOJUT OTCKOK. BakHbIi (akT,
YTO 3HAYCHHE apip 3aBUCUT TOJBKO OT ( U (), M He 3aBUCHUT OT £y, Q3 u Q4. Takum oOpa-
30M, MBI 3aKIIFOYaE€M, YTO KOCMOJIOTMYECKAsl IOCTOSHHAS M OObIYHas marepus (B dopme
NBUIM U U3JTyYEHHs1) OKA3bIBAIOTCH «3a0KPAHUPOBAHHBIMUY» B OKPECTHOCTH OTCKOKa. Hamu
OBLJIO MOTYYEHO aCUMIITOTUYECKOE MTOBEACHHE MacIITaOHOro hakTopa U mapameTpa Xaoo-
na BOimM3M orckoka: a(t) =~ amin(l + Ar2/18C) u h(z) = At/9(, tne A7 = t — . Takum obpa-
30M, OBLIO IOKAa3aHO, YTO MaciuTaOHbIH (akrop a(r), mapamerp Xab66na h(t) u Bece coor-
BETCTBYIOIIME TECOMETPHUUECKHE HWHBAPUAHTBHI HMEIOT PEryJIIPHOE IOBEICHUE BOJM3U
oTckoka. B wactHocTH, a(t) — amp, h(t) — 0 npu 7 — . Takke peryasipHsl BOJIU3U OT-
CKOKa 3HAYCHHUS, XapaKTePU3YOIINE TUIOTHOCTh SHEPTHUHA MATEPUU, TAKUE KaK Pp ~ a’u Pr
~a™* B 1o xe BpeMs HaMH OBIJIO TTOKA3aHO, YTO, XOTS T€OMETPHs MPOCTPAHCTBA-BPEMCHH
Y IJIOTHOCTh SHEPTUH MATEPUHU OCTAFOTCS PETYJISIPHBIMHU BOJIM3M OTCKOKA, CKAJIIPHOE IT0JIC
MMEeT TaM CHHTYIsIpHOe moBeneHue. A umernno, do/dt ~ 1/At* — oo mpu At — 0. B pe-
3yJIbTaTe HAMHU OBUT CZEJIaH BBIBOJI, YTO IOJIHAS JUHAMHYECKAs CHCTEMa, OIMCHIBAFOINAS
KOCMOJIOTHYECKYIO SBOJIIOIMIO B TEOPUH TPABUTAIMM C HEMUHUMAIBLHOW KUHETHUYECKOU
CBSI3bI0, SIBIIICTCS] CHUHTYJISIPHOM BONHM3U OTCKOKA. Hackoimbko HaM M3BECTHO, TaKOW CIIEHA-
pHii, KOI/Ia TeOMETpHsl MPOCTPAHCTBA-BPEMEHHU U IUIOTHOCTH YHEPIMHM MATEPHH OCTAFOTCS
PETYJIAPHBIMU TP PHUOIMIKEHUH SBOJIONUU BCeneHHONH K MOMEHTY OTCKOKA, B TO BpeMs
KaK MOBEJCHHUE CKAJIIPHOTO TOJISl CTAHOBUTCSI CHHTYJISIPHBIM, paHee Obul HemsBecTeH. [1o
3TOM IMPUYMHE YTOT CIIEHAPHIA ObLII Ha3BaH HAMH «CHHTYJISIPHBIM» OTCKOKOM.
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Abstract. We explore bounce scenarios in the framework of homogeneous and isotropic
cosmological models with arbitrary spatial curvature in the theory of gravity with non-
minimal derivative coupling of a scalar field to the curvature given by the term (¢ / Hy?)
G"¢.,¢,, in the Lagrangian. In general, a cosmological model is determined by six dimen-
sionless parameters: the coupling parameter ¢, and density parameters € (cosmological
constant), Q, (spatial curvature term), Q3 (non-relativistic matter), Q, (radiation), Qg (scalar
field term). As expected, we find that there are no turning points and/or bounces in cosmo-
logical models with negative or zero spatial curvature. At the same time, both a turning
point and a bounce can exist in the model with positive spatial curvature. In particular, the
bounce — when the Universe's contraction is replaced by expansion — is happened at z =
& when a(t) = apy=(3¢Q,)"%, where © = Ht is a dimensionless cosmic time and z« is
a moment when the bounce happens. It is important fact that the value ani, depends only on
¢ and Q) and does not depend on Qj, Q3 and Q,. We find that near the bounce a(z) =~
~ amn(1+A7%/18¢) and h(t) ~ Az/9¢, where At = t — t= Thus, the scale factor a(z), the Hub-
ble parameter h(z), and all corresponding geometrical invariants have a regular behavior
near the bounce. In particular, a(z) — ap;,, h(z) — 0 as z — z«. As well the values character-
izing matter energy densities, such as pm ~ a > and p;~ a *, are reqular near the bounce.
Nevertheless, though the spacetime geometry and energy densities remain to be regular near
the bounce, the scalar field has a singular behavior there. Namely, d¢/dt ~ 1/Az* — o as Az
— 0. As a result, we conclude that the complete dynamical system describing the cosmo-
logical evolution in theory of gravity with non-minimal derivative coupling is singular near
the bounce. On our knowledge, such the scenario, when the spacetime geometry and matter
energy densities remain to be regular at approaching the universe evolution to the moment
of bounce, while the behavior of scalar field becomes singular, was unknown before. For
this reason, we term this scenario as a singular bounce.
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