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U3 crpykrypsl MaTpuubl KoadduumenTos (8) ciexyer, 9To B MPOCTPaHCTBEHHOM CIIy4ae yIpyrue
BOJIHBI Pa3IMYHOM MOJSIPA3AIMY ¥ TEIUIOBAsA BOJHA B3aUMOCBA3aHBIL.

OmnHM4HBIE OT HYJIA 3JieMeHTHl Matpuubl B bys , byonpenensior B3auMHYIO TpaHCHOpPMALHIO
OpoJoBHOM M momepedrod X — IONIPH3OBAHHOM BOMH. OneMeHTHI bjs bs ONMCHIBAIOT B3aHMOCBA3b
riomepeynol Y-IOpU3anUK ¢ NPONONGHOM BOnmHOH. OTNMYHBEIA OT Hyns sSnmemeHT bys  onpenender
B3aUMHYIO TPAHCGHOPMALIMIO MEXK/ITY BOIHAMH IIONEPEIHOH NOIAPH3ALHH.

Omwrane ot Hyis kosrupenra by 72 p = B (pombuaeckas crrronws)

Cs3
03HAYAeT, YTO IIPOJOIBHAS BOJIHA PACIPOCTPAHAETCA C TEpMOYNIPYTHM 3¢ dexrom.
He uyrnessie snementst byyu bsr:

c i C, ;
by =( 2. B "ﬂu)’m ’ b67 = (EA ,333 -ﬁzz)m
33

C33

03HAYAIOT BIMMHME Ha YIIPYr'He BOJHBI IONepPeTHbIX NONApH3anumi TepMoympyroro dddexra. IIpu stom byy
OIHUCHIBAET BIMsHHE TepMoynpyroro 5Gdexkra Ha YOPYI'YIO IOHNEPEYHYIC BOJHY X- MOJLIPH3ALMH, a
bgs7Bmusame TepMoympyroro 3¢ dexra Ha MONEPEIHYIO BONHY Y- INOMAPU3AIMH.

AHaJOTU9YHO, 11 TEPMOYIPYTHX BOJIH, PACIPOCTPAHMIOMMXCA B aHH30TPOIHOH cpele KyOHIecKoH
CHHTOHHM IIOCTpOeHa Marpuna ko3(dmupentoB B o0BEMHOM cCiIydae M HPOBEIEH aHATH3 MATpPHI]
koo dummenrop. Taioke mONy4eHBI CTPYKTYphl Marpul Ko>Q(HIMEHTOB INpH paclpoCTPaHEHHH
TEPMOYIIPYTHX BOJIH B aHM3OTPOIHEIX Cpeax poMOHYEcKo# M reKcaroHabHOK M KyOHdecKol CHHTOHHMM B
mwiockoctd XZ 1 YZ, oIpeesieHb! THITHI BOJTH M B3aUMHAA TpaHC(hOpMAaLHs BOIH Pa3IiTHOH NONIpH3alUH.
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NOABIICA HOBBIA paszfen muddepeHuMansHOM reOMeTpUH, HA3bIBAEMEIN CONMTOHHOM reomerpued [1-8].
OCHOBHBIMH ypaBHeHHsMH auddepeHnmancHOil reoMerpuu sABIOTCA ypaBHende I'aycca-Kopanum-
Majmapmu u ypasHenme I'aycca-BeliHraprena, KOTOpse ONHMCHIBAIOT BIIOXKEHMA MHOroobpasus B Apyroe
MHorooGpasue Gonee BBICOKOH pasmepHocTH. OKa3ajioch, YTO IOYTH BCE COJMTOHHBIC HEIMHEHHbIE
maddepeHIMATBHEIe YPaBHEHUS B YACTHBIX NPOM3BOJHEIX fBIAIOTCA YACTHHIMH CIIyYasMH YypaBHEHHS
I'aycca-Komaiup-Maiinapau wm ypasHenus 'aycca-Beitnraprena. B cBoro odepens, ypasHenue I'aycca-
Konauuu-MaiiHapay sABisieTcss 9acTHOM peqyKuuel ypaBHeHms SHra-Mwuica-Xurrca. YpapHenue Sura-
Mmwuica-XHrrea HCCIEOBaHO HaMH B Apyrux paborax. Hanpumep, B pabore [9] Halinmens! TodmbIe
CONUTOHHEI® peleHHs ypaBHeHms Sara-Mwuica-Xurrca B IPOCTPaHCTBE C IIOCTOSHHON CKANSPHOM
KpUBH3HOM, T.e. B (2+1)-MepHoM mpocTpaHcTBe-Bpemend aHTH ne Currepa. MccnepoBanue pernenmit
HeMMHeHHbIX ¢ depeHIUANEHEIX YpaBHEHMH B YacTHBIX IPOM3BOJHBIX ABIAETCA AKTYalbHBIM Kak C
du3EIecKol, TAK M ¢ MAaTEeMaTHYECKON TOYKH 3PeHHA. OTH MCCIIENOBAaHHMA HAaXOAAT Gonplioe pasBUTHE B
paborax Kasaxcramckux yuensix [4]-[10]. Hccremopanme TakuX CJOXKHBIX YpaBHeHMH TpeGyer
OnpeneieHHEIX 3HaHui B 061acTH Teopuu cormToHoB [5]-[6].
Vpapuenne Iaycca-Komamum-Maiinapqu B mpoctpaHcrse  (1+1)  pasMepHOCTH  BEINJIAOMT

cnenyrommM o6pazoM

A —B_+[4,B]=0,
IJe 4 fABngerca 3x3 MaTpune, B ABIsLercs MPOM3BONbHON 3X3 MaTpHIIeH,

[4,B]=AB - BA.
VpasHenwue ['aycca-BefiHrapTeHa BEIIAIUT CIIAYIOMAM 06pasoM
Fxx =r111;'; + rlzli': +Ln,
7, =TuF, + o7, + Mi,

rae cumsonsl Kpucrobderns F; M KO3 HUIHeHTEL P, , §= 1,2 eermcismorcs ¢ moMompio GopMyI

GE, - 2FF. + FE, 2EF, — EE, — FE,

rlll - > l_‘121 Fie )
2A 2A
GE, - FG, EG, - FE,
r112 B rzll - 21\ » I—-122 = r221 = 2A ’
ot 2CF, ~FG 88y oo VEGIER, +FG,
- 2A s 2A ’
FM -GL FL-EM
Pu =——A_—, Py =—-A—’
EN - GM FM—~EN’
Pu= —A—’ Py = T
| A=EG-F*.
B conurronHo# reomerpuu ynobHo paborath B oproroHansHoM Gasuce [4]. Beemem oproroHansHE 6azuc

b d r — hed — L —

e =—/7—, & =n, €, =¢€ Xe,.

1 oy = "3 ey
vE

B sT0oM cityuae ypaBHeHue I"aycca-Beitnraprena npusopures K Buny [4]
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Orcrona Mbl1 nomyunM ypaenenve ['aycca-Koganum-Maiinapau B Tepmunax k,7,0,@ ;
k=0, -00+o0,,
T,=0, +0,0 -0k,
c,=0, -0,7+0.k.
B nmanHolM paGote paccMoTpuM HenuHelHOoe ypasHenne M-LXII [4],
Aly o +[4,,B,]1=0,
A, -C,_+[4,C]=0, )
B, -C,, +[B,,C,]1=0,

KoTopoe sBisiercst o6o0mennem ypasuenus I'aycca-Kopamum-Maiisapau B (2-+1)-pasmeproct. Ilpusenem
CIEQYIONLYI0 JNeMMy 00 uHTerpmpyeMocTd ypaBHeHHA (1), B CMBICIE CYIIECTBOBAHHA NpPEACTABIICHHSA
Jlakca.JIemmallpeocmasnenue Jlaxca ons ypasnenus M-LXII (1) svienaoum e cnedyiouem eude

— i, + A&, =[-iC, + AF*]1&,

, 2
&, —ird =[F~ -iAC,1&
20e & - mampuunas QyHkyus,
Fhogupilh 0518050, . -8, .8 40, (3)

i e i
0&y 1 1.0% 8y’ &, ox oy
JoxazarenbcTBo JNeMmbl. JlemMma [OKa3BIBaeTcss HENOCPEACTBEHHON IIPOBEPKOH YCIOBHH
coBMecTHOCTH. 3ammmem B Gosiee puBEMHOM BUie npenctasnenue Jlakca (3)

&, =i, [F-1F* & @)
&, = —iAd, [C +iAF*]1& ®)
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o o od
e

, B = o 6)
s Bk, ox by
T CX§3 = (Kx + iCXy . AHQJTOrM4HO (Kfz = (Kx - i(Ky . epermmmem (5) B Buge
A&, =i&, —i[C, +irF* & 0
Ioncrasisiem (7) B (4), Torpa
&, =ird —ir[C &+ VF &+ FE-1F & (®)
' & -iad =[F-iAC )& . ©)

Takum obpasoM, mokasamu, wro u3 (4), (5) moxuo momyumre (3). Temeps Gepem B (4), (5) ycnoeue

comectroctn &, , = &,

&, = 2, (F - AENE+ (F - 2FE, (10)
&, =—iAd,, +[C,, +ilF 18+ (C,+iAF )&, , an
Otcroma
&, A (=ik) ==k, (12)
& : A(C +IAF)~iA(F~ - AF*) = %3
= —iA(F~ = 22F*) +(C, +iAF ") A2,
&: A(Cy, +IAF)+ F, = RF +(F™ = AF*)(C, +iAF*) = (13)
= —~iA(F; = AF)+Cy +iAF, +(F~ = XF*)(C, +iAF"). (14)
Tak kak k03¢ PUIMEHTHI PH MEPBLIX M BTOPEIX MPOU3BOAHBIX TOKIECTBEHHO
BHIIONHAOTCSA, cobupaeM kooddumments: npu &
R iF} —iF*F* =iF] —iF'F* (15a)
R: F'=C, -[F",C], (156)
x: F, ~F; =[F,F'], (158)
I F =Gy =[F,C], (151)
Vaursman (3), u cxianeeas (156) u (158), nomyanm
24, = le, + Clgz -[24,,C]=2C,, - 2[4,,C,},
IR
A4,-C,, +2[4,C]=0. (16)
Vugremai (3) u Beranras (151) ot (156), nmeem
2iB,, = C, +iC,, - 2C,, +iC,, —[2iB,,C,] = 2iC,, - 2i[ B,,C,],
WM
B, -C,, +[B,C,]=0. (17
W3 (158), yauremsas (3), momyanam
A, —id, — 4, —id, +iB, —i’B +iB, +i’B, =2i[4,B],
HIn
4,-B, +[4,B]=0. (18)

Vpasnenua (16), (17), (18) matotr Ham ypasuenune M-LXII. TaxuMm o6pazom, teMma JoKka3aHa.

Taxum o6pazom, HaM yOanock pacCMOTPETH CIIOXKHOE HeluHelHoe quddepeHnransHoe ypaBHeHHEM
¢ ToYkm 3peHms nAuddepeHnmansHON reoMerpmif mnoeepxmocteit. IlocnemyrommM 5TamoM HAIIMX
HccnenoBapMM Oyler H3ydeHMe TIeOMETPUHMEeCKHX XapaKTepHCTHK COOTBEICTBYIOIIMX COJMTOHHOMY
pemenmo (2+1)-mMepHoro ypasHenmsa Iaycca-Komamum-Makinapmun. Takmm o0pasoM, HcclieqoBaHHE
HeJIMHEAHBIX TH(depeHIMaTbHbIX YpaBHEHHI B YaCTHBIX IPOM3BOJHBIX, OINMCHIBAIONIMX ONpeAeICHHBIN

duspgeckuii mporiecc, MO3BONAET MApaUIeNbHO PasBHBaTh AUG(EepPeHUHAUIEHYI0 T€OMETPHIO KPHMBHIX M
IIOBEPXHOCTEH.
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GEOMETRICAL ROOTS OF COSMOLOGICAL MODEL

Arising of interest in solving of soliton equations in (1+1)-dimension made progress in developing of
mathematics, in particularly, differential geometry. There is a lack of geometric characteristics under
researching of soliton solution. With this connection we present some geometric explanation of considered
model.

We consider a theory of gravity with a metric dependent torsion, so called F(R,T) gravity. Geometric
roots of such theory are studied for finding geometric characteristics. In particularly, we explain the
derivation of the model with geometric point of view.

More general form F(R,T) gravity with two arbitrary functions is represented and it in the spatially flat
Friedmann-Robertson-Walker metric is given. In the cosmological context, we find acceleration scenario of
the universe.

The discovery of the accelerated expansion of the universe has revolutionized modern cosmology. It
is generally assumed that this cosmic acceleration due to some kind of negative-pressure form of matter
known as dark energy.

The nature of dark energy as well as its cosmological origin remains unknown at present. To explain the
nature of the dark energy and the accelerated expansion, a wide variety of the theoretical models have been
proposed in the literature, such as quintessence, phantom, kessence, tachyon, f-essence, Chaplygin gas, g-
essence, etc. Among the different models of dark energy, the modified gravity models is quite interesting as
they incorporate some concepts of the quantum and general gravity theories. There are several modified
gravity theories like F(R) gravity, F(G) gravity, F(T) gravity and so on [1]- [4]. In our opinion, one of
interesting and perspective versions of modified gravity theories is the F(R,T) gravity. Recently one of the
versions of F(R,T) gravity were proposed in [5] and its some properties were studied in [6]-[7]. In this paper
we consider F(R,T) gravity [7].

Here the gravitational action of F(R,T) gravity and its arguments are derived from the geometrical point of
view. Using them to the spatially flat Friedmann-Robertson-Walker metric a system of the action with the
curvature and torsion scalars is obtained.

We consider the M43 - model [7]. This model is one of the representatives of F(R, T) gravity. The action of
the M43 - model is
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Sy3= [d%x /= g[F(R,T) +L 1
R=¢g"R,, (1)
T - EZSP”VTP;W s

where L_ is the matter Lagrangian, &, = *1is signature.

We try give one of the possible geometric formulations of this M43 - model. Note that we
have the different cases related with the signature:

) g =ke, =12 =Le, =-1;3) g, =-1,¢,=1;, 49 & =-lL¢g,=-1;
Also note that the M43 - model is the particular case of the M37 - model having the form

— 4( —a
S37 = [d"x\- g[FR,T)+L 1],
R=u+¢eg"R,, ()

T=v+ SZSPﬂVTpuv s
where
V e
R =¢g"R,, T ,=¢8"T"u. )
To understand the geometry of the M43 - model we consider some space-time with the curvature and torsion
so that its connection G*, is a sum of the curvature and torsion parts. In this paper, the Greek alphabet

(4,v,p,...=0,1,2,3) denote indices related to space-time, and the Latin alphabet
(i,J,k,...=0,1,2,3) denote indices, which are raised and lowered with the Minkowski metric
n, = diag(=1,+1,+1,+1). For our space-time the connection G . has the form

Glpv =e,la”eiv + ejleiva)jip —_-Flpv +Kl,uv (4)

Here I‘,j, is the Levi-Civita connection and K ,.i is the contorsion. Let the metric has the form

ds* =g ds'ds’ . 5)

Then the orthonormal tetrad components €, (x*) are related to the metric through

&, =My.8, - ®)
so that the orthonormally condition reads as
My =8uwe e - 7
Here 1), = diag(—1,+1,+1,+1) and we used the relation

eel =48], ®
The quantities I, and K}, we define as
P gt Pl g |
Jk —--2-g kg;j ;4 jgrk i rgjk (9)
and
1
A o_ A A A
K., = 2(T w+T,"+T, ) (10)
respectively. Here the components of the torsion tensor are given by
Tlpv = eilT)’pv = rlyv e rlvp, (11)
Tipv = a”eiv = a#eip + Fijuejv e F,jvej,u : (12)
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The curvature R’ s we define as
RPow =€ €'sR'sw =8,G’0v 8,6’ + G* 4G v — G* 1,G'
=R’ow +0,K % —8 K o + K’ uK’ey — K’ 0wK"a (13)
+T7K oy —T{ K o +TLK 30 =T, K"

where the Riemann curvature of the Levi-Civita connection are defined in the standard way

RPow=0T% -0, +ToT. -T0T2 (14)
Now we introduce two important for us quantities namely the curvature (R) and torsion (T) scalars as
R=g'R,, (15)
. QEVAp
r=ST,, (16)
where
v 1 v 6v v,
Sy =Ky + 8T - 8,T) an

Then the M43 - model we write in the form (1).
From here we work with the spatially flat Friedmann-Robertson-Walker metric

ds’ =—dtf’ +a*(t)(dx’ + dy* + dz*) (18)

where a(t) is the scale factor. In this case, the non-vanishing components of the Levi-Civita connection are

e T
0 _q<0 _ 0 _ 2
I,=I,=TI,=a"HS,, (19)
1, By B i
I,=I;,=Hé],
where H = (Ina), and (4, j, k,...=1,2,3) . Now we calculate the torsion components. It’s the non-
vanishing components are given by

2
Tw=Tp =1y =a h,

ILpy=Ty =1, = zasf . (20)
where /4 and [ are some real functions [6]. Note that the indices of the torsion tensor are being raised and
lowered with respect to the metric that is

T.=gT' 21)

b/ yo
Now we can find the contortion components. We get

Khw=K»=K’%=0,
K'a=K*2=K’s =h,
K =K'n =K'z =a’h (22)
K'asKa=zKn= —af
Ko=sKun=K"n= af.
The non-vanishing components of the curvature R” v are given by
R0 =R’x =R"0s =a*(H + H* + Hh + h),
R’ =—R’m =R = 2a3f(H+ h),
R ==R'sw = R*n =—a(Hf + f),
R =R =R’ =a2[(H+ h)2 +f2] : (23)
Similarly, we write the non-vanishing components of the Ricci curvature R v 88

R, =-3H -3h-3H*-3Hh,
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R,=R,=R,a’(H+h+3H"+5Hh+2h" - [?). 24)

Similarly we find the non-vanishing components of the tensor S, . We obtain

8 = -;—(Kl10 +6.T)° =6, T, )= —;-(h +2h)=h, 25)
SP=82=5"=2h, (26)
5P =KD+ 8 +8)=— L, @
S2=S"=8"= 4 (28)
2a
and

T=1,8" + T8 + 87 + 128, + 1,8, + 1S, (29)

Now we are ready to write the explicit for{ns of the curvature and torsion scalars
R=6(H +2H*)+6h+18Hh + 6h*> =31’ (30)
T=6h"—af? (30)

So finally the M43 - model we write as
S43= [d%x=g[F(R,T) +L ],
R=6(H +2H*)+6h+18Hh+6h* =3 f* (2)

T=6h>-a”f?
Further we can define The Lagrangian formulation of the generalized F(R,T) gravity model and construct
some cosmological solutions for the particular model F' = UR + VT . In this case, the solutions of the
cosmological equations are divided into two classes. Each of them is related with some torsion scalar

functions. In particular, the exact de Sitter solution can be found. These exact analytic solutions of the
cosmological equations describe the accelerated expansion of the universe.
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OB KOPPEKTHPYIOIMEM VIIPABJEHNA MAHMITY JSIIAOHHOI'O POEOTA

Ypaprennn Jlarpamka ~ MakcBeswia. MeXaHH3MBI € SIIEKTPOIPUBOLOM (MaHHITYJLITOPBI) MOXHO
paccMaTpHBaTh KakK 3JIEKTPOMEXaHUIECKHe CHCTeMbl. JIJis uccieoBaHus MX AUHAMHUKY HanbGosee yoOHBIM
SBILHOTCA ypaBHeHHA Jlarpamka-MakcBeluia, KOTOpsie HMeOT GopMy ypaBHeHu# Jlarparka BTOporo poxa
H TO3BOJIAIOT ABTOMATHYECKH IOY4YaTh He TONBKO YPAaBHEHMA NBHOKEHMA MEXaHWYECKOH YacTH CHUCTEME,
HO ¥ CBS3aHHBIE C HUMH yPaBHEHMS JIEKTPUYECKO YacTH.
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