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CyuiecrBoBaHne HHQIISIMOHHOIO Talla, KOT1a MaciTabHbIil (haKTOp U3MEHSJICS 110 9KCIIO-
HEHIINAJIBHOMY WJIA CTEIIEHHOMY 3aKOHY, sIBJISIETCSI BaXKHBIM TpeOOBAHWEM B TEOPUU paHHE
Bcestennoii. 113 acTrpoHOMuYecKrnx HAOJIIOIEHUI U3BECTHO, YTO Ha COBPEMEHHOM 3Talle Pa3BU-
Tust Beesiennast pacmmpsiercs ¢ yckopenueM. OIHUM U3 BO3MOXKHBIX O0'bsSICHEHUI YCKOPEHHO-
ro pacmupenus BceleHHOM ABIISIETCS TTPEINOIOKEHNE O CYIIECTBOBAHUN «TEMHOM» SHEPIUH,
[IPUPO/IA KOTOPOIT TIOKa He sicHa. [Ipu 3ToM «TéMHAasi» 9HepTrusi JOMUHUPYyeT Bo Beemennoii. Eé
IJIOTHOCTD ITPEBOCXOJUT IUIOTHOCTH YHEPIUH BCEX «OOBIYHBIX» (DOPM KOCMHYECKON MATepHUu
BMeCTe B3STBIX. Bo MHOTHX paboTax «TEMHAsS» SHEPTHUsS MOIETUPYETCS HIACATHHOU YKUIKO-
CTBIO C OTPUIATEJIBHBIM JiaBjieHueM. Tak ke OIpe e/ IEHHbINA HAy YHBI MHTEPEC IPEICTaBIISIIOT
MOJIeJTM, B KOTOPBIX IPOIECC PACIIMPEHMs COMPOBOXKIAETCS M30Tponu3anueit Beemennoit B
OOJIBIITX MACIITAbAX.

B pabore paccmorpena Mozesb 3BoJitonun BeesleHHOM, 3aI10/IHEHHOM CIIMHOPHOM MaTepueii.
[Tosywen morennmas WHMIIATNA CIXUHOPHOTO TOJIsI HA OCHOBE €0 COOTBETCTBUS WJI€ATBLHOI
xkunkoctu. Takyke B paboTe ONMpPeesIéH MOTEHIIUAJ U30TPOIM3AIUMA CIUHOPHOTO OIS

KuroueBnle ciioBa: wHMIIATNS, H30TPOMU3AIHS, CIIMHOPHOE TOJIE, NICATHHAS YKUIKOCTD.

1. Bsenenue

OpayM 13 BasKHBIX TPeOOBaHMil B TeOpur paHHeil BeeseHHOMN sBjIsIeTcst CyIecTBo-
BaHue WHOJIIAINOHHOIO TAla PA3BUTHUs, KOI/Ia MACIITAOHDIN (PaKTOp yBEeJIMINBAETCS
9KCIIOHEHINAIBHO OBICTPO [1]. Ocobblit MHTEpeC MPEICTABISAIOT Te CJIydan, KOrjia Mac-
mrrabublil hakTop a(t) n3Mensiercst o 3axkony [2,3]:

a(t) = apt"™, ap>0, n>1, (1)
a(t) = ageo, Hy >0, ag>0, (2)
a(t) = ap(to —t)", n <0, ty>0. (3)

B cayuae (1) macmrrabubiit pakTop omnpeiesier cyOnHMIISINIO, HA3BIBAEMYIO CTe-
nenHoit uadsnueit. Ciayuaiil (2) oupesesnser cranIapTHYO HHOIIAIUO, crydaii (3) —
cyneputdJsinuo. OrMeTuM, 4To Cirydaii (3), peanmu3yemblit (paHTOMHONM MaTepwueil,
SIBJISIETCsT HEJIOCTUKUMBIM B DAMKAX TEOPHU CKAJISPHOTO 1oJIst [4].

AcrpodusnaeckumMu HaAOJIIOIEHUSIME YCTAHOBJIEHO, UTO Hala BcesleHHasi B 60J1b-
MUX MaciTabax SBJISAETCS OJHOPOJHON W M30TPOITHOW M PACIIUPHAETCS C YCKOPEHU-
em [5]. B paGore paccmorpeHa Moje/b 3BoJONUK BCesleHHOM, 3all0IHEeHHO  CIIMHOD-
Hoit marepueit. [l Takoit Momesnm BceesreHHOI Ha OCHOBE HEJIMHEHHOIO CIIMHOPHOIO
TIOJTsT YCTAHOBJIEHBI TIOTEHITHAIBI HHQJISIIANA U N30 TPOITU3AITIN.

2. Ilorennuaa nHQIAIAN

Jlarpamxuan cuCTeMBbI TPABHTAIIOHHOTO U CIMHOPHOIO MOJeil BbIOMpaeM B BH-
ze [6]:
R R i,- - W
L:7+£:7+§(¢’7 Vatb — Vathy ¢)—ms—F(s), (4)

2 2

Crarpa nocTynuia B pefakuuio 3 okTsaopsa 2014 r.
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rjge R — ckajisipHasi KpUBU3HA, § = 1) — WHBAPUAHT CIUHOPHOrO ToJist, F(s) —
[POU3BOJIbHA (PYHKIIUSI S.

U3 (4) coeyior ypaBHEHHsI CHITHOPHOTO IIOJISI

Vb — b~ Sy =0, (5)
iVathy® +map + &i—f =0. (6)
U ypaBHeHUsI DUHIITEHA
Rg — %62‘}% = EZTTGTBQ.

BrmumeM KoOMIIOHEHTDI TEH30Pa IHECPTIUN-UMITYJIbCa CIIMHOPHOI'O IIOJIA:

i, - _ _ _

Tocﬂ = Z(dm@vﬁw + w’yﬁvaw - Va’(/)’}’,@lb - V/J"(/)%xw) - goc,B»Ca (7)

Ezsi—F—F, To=ms+F(s), Ti=T5=Ts=—L. (8)
S

[Ipobiema mHOIAIUINT PacCMATPUBAETCSI B M30TPOIIHONR METPHUKE ¢ COOCTBEHHBIM
CHHXPOHHBIM BpEMEHEM:

ds® = dt* — a*(t)(dz] + d3 + dz3). 9)

B merpuke (9) ypaBHeHust DifHIITEiHA TPUHUMAIOT BH/L

3a®> 3k

?—i—ﬁ :%Tg, (10)
2.. .2 k
7a+a7+7:%T%:%T2:%T§. (11)

a a? a2

W13 (10) u (11) B npocreiimem cirydae IpOCTPAHCTBEHHO 1I0CKOiT Beestennoit (k =

0) umeem:
a [

a o
— = —2(TY - 31}). (13)
a 6

IIpo6ema moTeHma s HHMIIATAN CIITHOPHOTO OIS PEIIAeTCsl HA OCHOBE €ro CO-
OTBETCTBUS UJI€AJbHON KUJIKOCTHU [7] VYpaBHeHNE COCTOSHUAS UACAIbHON KUIKOCTU 1
€€ TEeH30D YHEPrUU-UMITYJIHCA UCIOJIb3YIOTCS B (POpME:

P =Wse, (14)
T“pf = (P 4+ e)u,u” — 01 P, (15)

v

rae P — maBiieHne, £ — IUIOTHOCTD SHEPIUU UAEAJbHON Kuakoctu. V3 (15) CJIeLyeT:
0o _ 1 _m2 3
TOpf_Eﬂ T1pf—T2pf—T3pf——P~ (16)

U3 (8) ciremyer, 4T0 aHAJIOrOM JABJIEHUS JJisi CIMHOPHOTO TI0JIst siBjsiercst L = P.
W3 pasencrsa
dF
P £  s§—F(s)

S

€ :T78_ ms+ F(s)
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HoJlygaeM ypaBHeHue Jijist onpejenenns F(s):

si—f — F(s)(W+1) —msW =0. (17)

Us (17) maxomam F(s): F(s) = As+! —ms, A = const. Ilockonbky s crm-
nopuoro nojist T = ms + F(s), 1o T ;= = Xs" T, P =We = WAs" Tl
W3 ycnosus T, = 0 naxoxum cBs3b € u P.

IIpn v = 0 nmeem:

o 1 i /— a) 109'75 Yo
TO,a - \/Tgyﬁxa ( gTO) 9 axo °. (18)

C yuérom (16) n3 (18) maxommm:
. L0 .0
E+3-(e+P)=E+3-(1+W)e=0. (19)
a a

13 (19) maxomum € = gga W) P = We = Wega™30+W),
Haiiziém pemennst ypasHenuii cimaoproro moss. 13 (5) nmeem:

ol 3a aF
iy ((9t+2a>vmvdsv—0. (20)

roe Y% — marpuiisl JIupaka B miaockoMm mpocTpaHcTBe-BpeMeru. C yI€TOM TOTO, 9TO

v1(t)

v2(t)

vs(t) |’
(t)

’()4LL

v =

u3 (20) mosrydaem cucTeMy ypaBHEHUIT

3¢
1}1+79v1+i(m+F’)v1 :07
2a
3¢
1}2+§gv2+i(m~|—F’)v2 :07
: (21)

3¢
@3+§gv3—z’(m+F’)v3 =0,

. 3a )
Vg + 370 —i(m+ F')vy = 0.

- * * * *
U3 (21) coemyer ypaBHeHHE [ Y1) = 0101 + VaUs — U3U3 — U4U4 U €O PEIICHHE:

50

=3, S0= const.
a

s+3% =0, s
a

Cucrema ypasrenuii (21) nmeer perenue
C1,2 _i(mt+[ F'(s)dt
V1,2 = me ( JE® )7

C3,4 i(mt+[ F'(s)dt
U3,4:W€( JE) >7

C1,2 = const,

c3,4 = const.
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[Ipu sTom 89 = ¢F + 3 — 3 — c3.
TTockonbKy

Topr=¢= AsWHL = \slVH1 /g3 WHD — o g3V D)

a [ [ €0 _3(W+t1) w
E = g = Ta 2 , &0 = )\SO +1. (22)

Bamuiem perrerne ypaBaenus (22):

WD
a(t) = [\/?'B(Wém(tito)} , W #£ -1, to=const > 0.

Pacemorpimv KOHKpeTHBIH Bt a(t) IpH BOSMOXKHBIX 3HAYCHUAX W.

1. W+1>0,

1o u3 (12) umeem:

at) = {\/73%60 - (W;l)t] s, (23)

2. W+1=-£<0,
2

a(t) = [Fmo . g(to - t)} S i<t (24)

Pemenne (24) onuceiBaer danromuyo marepuio [4]. Ilpu stom, xorma t — to
a(t) — 0o, mMeeM OOJIBINO PA3PLIB.
Pexumy cybundisiimu coorsercrayer (1)

a(t) = apt", a9 >0, n>1. (25)
ITpu sTom u3 (23) caexyer:

2 2—3n
—_— W:
3W+1) " 3n

1
—1<W<—=.
3

IIporeccy cybundmsmun coorBercTByer —1 < W < —%. YpaBHEHUE COCTOSTHUS C
takuM W ompeziesisier uieasbHyIo KIJAKOCTh — KBHHTICCEHIHIO [5].

3. Ilpu W = —1 P = —¢ < 0, u Mbl nIOJly9aeM KocMu4ueckuii Bakyym [5]. B srom
ciydae u3 (22) nmeeM

EQ
a(t) = aoexp<,/3t>, —o0 <t < oo,

YTO ONHUCBHIBACT CTAHIAAPTHYIO NHQIIAIHIO.
N3 (25) maxommm

a(t) = agnt™™ ', i =agn(n — 1)t" "2 (26)

U3 (26) caenyer, uro npu 1 < n < 2 pacmupenne Beesennoii yckopennoe (i > 0),
HO YCKOpDEHMe yMEeHbITaeTcss co BpemeneM: d — 0 mpu t — oo. [Ipyn = 2 a =
2a9, W = —%, 9TO COOTBETCTBYET OOJIAKY JIOMEHHBIX CTEHOK. Ilpu n > 2 umeem

—1<W<—%,I/Id—>OOHpI/It—>OO.
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Takum obpazom, pexxuMy UHQPJISINANA COOTBETCTBYET HEJMHEHHBINH YIeH B ypaB-
HEHUM CIUHOPHOrO mosist F'(s) = AsWHL re W omnpesensiercss HepaBeHCTBOM:
-1<W< -1

3. IloreHnuaJs m3oTpornu3anuu

Jts onpesieieHNs MMOTEHITNAIA H30TPOII3AIAA CITUHOPHOTO TIOJIST BOCIIOJIB3yeMCs
METPHKOii B TADMOHIUYECKUX KOODJMHATAX, UMeoIei BuJ [8]:

ds® = 2vdt? — *P1da? — e2P2dad — e*Pda’ (27)
¢ KOODJWHATHBIM YCJIOBHEM
a=p1+ B2+ Bs. (28)
VpaBuenus DitamTeitHa nCHoab3yeM B popme:
1
RE = —x(TG — =63 T=T¢ 29
B %( B 978 )’ a’ ( )
. . . 1

Ry = e *(a— &+ i + 85 + 35) = (T - 57), (30)

. 1
Ry =e 2B = —3(T] - §T), (31)

. 1
R} = e By = —3(T5 — 57) (32)

—2a 1
R} = e "By = —3(T5 — 5T). (33)

HUcnonb3yst (8), Haxomum npasble dactu ypasaernii (30)—(33)
T = ms+4F(s) — 3sF'(s),
1 3
0 27 =""_pes)+ SsF'(s),

2 2

1 1
T lr= T P4 Lep(e), i=12.3

N3 (31)—(33) ¢ yuérom (28) nmeem:

. . . 1 1 1
pr=02=p03, B1= g(a +eit), Pa= 5(01 +eat), B3= 5(04 + cat),
cit+cate3 =0, c3=—(c1+c2).
B uwacTHOM citydae nipu ¢ = ¢ = ¢3 = 0 [y = (2 = (3, u npolecc paciuupeHust

U30TPONIHBIIA.
Ilpu ¢ # co # ¢3 # 0 ycsioBus U30TPOIU3AINE UMEIOT BUJI;:

npu ¢t — 0o
b_f_ B "Pra  Pre o late) (34)
62 63 /81 @"’CQ a() (C1 —|-CQ) @

U3 (34) ciemyer, 9T0 M30TPONU3AIA BOZMOKHA B TOM CJIydae, eCJIu

npu t — oo at) = apt?, «y=const, > 1. (35)
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st aroro HeoGxonumo Haiitu takue F'(s), U1t KOTOPBIX BbIoJHsieTcst ycuosue (35).

YpaBHeHUEe CIIMHOPHOTO TI0JIsi B MeTpUKe (27) 3alUChIBAIOTCS CIIEJLYIOIIUM 0OPA30M:

1 dF
o <8t + 20'4)1) —my = v = 0, (36)
B + %vq Fi(m+Fg=0, ¢=1,2,
2 (37)
Op + 50— i(m+F)v. =0, r=3,4,
3 (37) maxoauM ypaBHEHHE [yl § = 1) U ero pelieHue;
$+as=0, s=spe " (38)
Cymma ypasuennit (31)—(33) ¢ yaérom (28) mpuBoguT B ypaBHEHHIO
1
G = —3xe®® (—Tgs —F(s) + 25F’(s)>. (39)
Ioacrasnsiem (39) B (30) u, ucnosssyst (28), mosrydaeM ypaBHEHUE:
1
&* — N? = 3%e**(ms + F(s)), N?= g(cf—i—clcg—i—cg). (40)
C yuérom (38) pemenne ypasuenust (40) 3anuiercs Tax:
d
a = £(t+to).
VN2 + 35msoe® + 3xe22F(s)
U3 (35) mmeem:
a(t) = O‘Ot’y7 Q= a(),yt’y*la Q= aO'Y('Y - 1)t772' (41)
IMoncrasasiem &(t) uz (41) B (40) u mosrydaem paBeHCTBO:
1 2 20 1/2 i
t=|—(N?+43xe**F(s)) , m=0. (42)
Qo7
IMoxncrasnsiem ¢(t) uz (41) B (39) 1 mosryyaeM paBeHCTBO:
2 F 1F
oo S (F_LFN )
apy(y—=1)\s? 2 s

IMoncrasisiem t u3 (42) B (43) u noxydyaeMm ypasHenue jiist onpejeinenus F(s):

1/292=% 2 ’
y—1 F 1F
L (n2y 3%53F(2S ) __Sms (B 1E (44)
gy s apy(y—=1)\s? 2 s

O6osnaunm F/s? = x(s). Hna x(s) uz (44) nonyvaem ypasHeHue

X' (s) 2 A

A3 =3xs3, B (ao’y)f?ﬁw—l). (45)

(N2 + A3 022070~ " By’ BCED
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Wurerpuposanue (45) NPUBOAUT K PABEHCTBY:

A2y 1 Co
—In(22
(v—1)B s

(N? + Ax) D = ), co = const. (46)

U3 (46) mosyaaem
2(y=1)

F@):E{[&l%?)] ’ —NQ}, v 1. (47)

F(s) u3 (47) onpenensier «(t), mpuBogsImee Ipu ¢ — 00 K N30TPOIHU3AINH IIPOIECCA
PACIINPEHHUS.
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UDC 524.83
The Potential of Inflation and of Isotropization of Spinor Field

N. A. Kovalchukov, G. N. Shikin, L. P. Yuschenko

Department of Theoretical Physics and Mechanics
Peoples’ Friendship University of Russia
6, Miklukho-Maklaya str., Moscow, Russia, 117198

The existence of inflation, when a scale factor was varying with exponential or with power
low, is important requirement in the theory of early Universe. Also it was established through
the use of astronomical observations, that in the present stage the Universe is expanding with
acceleration. One of the possible explanation for accelerating expansion of the Universe is
the assumption about the existence of “dark” energy, the nature of that is not clear now. In
this case “dark” energy is dominating in the Universe. Its density exceeds the energy of all
“usual” cosmic forms of the matter taken together.

In many works “dark” energy is simulated by ideal fluid with negative pressure. Also there
is some scientific interest in considering the models in which the process of the expansion is
followed by the isotropization of the Universe on a large scale.

In this work we consider the model of the evolution of the Universe that is filled by the
spinor matter. The potential of inflation of spinor field is established according to its corre-
spondence with ideal fluid. The potential of isotropization of spinor field is also established.

Key words and phrases: inflation, isotropization, spinor field, ideal fluid.



90

Becruuk PY/IH. Cepust Mamemamuka. Ungopmamura. Pusura. Nel,2015. C.83-90

1.

References

A. D. Linde, Particles Physics and Inflationary Cosmology, Harwood Academic
Publishers, Chur, Switzerland, 1990.

. S. V. Chervon, Nonlinear Fields in the Theory of Gravitation and Cosmology,

Srednevolzhsk Scientific Center Publishing, Ulianovsk, 1997, in Russian.

. V. M. Zhuravlev, S. V. Chervon, V. K. Shchigolev, New Classes of Exact Solutions

in Inflationary Cosmology, Journal of Experimental and Theoretical Physics 87 (2)
(1998) 223-228.

. J.-g. Hao, X.-z. Li, Phantom with Born-Infeld-type Lagrangian, Phys. Rev. D 68

(2003) 04350-1-45501-5.

. A. D. Chernin, Cosmic Vacuum, Physics-Uspekhi 44 (11) (2001) 1099.
. B. Saha, Spinor Fields in Bianchy Type-I Universe, Physics of Particles and Nuclei

37 (7) (2006) S13-S44.

V. G. Krechet, M. L. Fil’chenkov, G. N. Shikin, Equivalence between the
Descriptions of Cosmological Models Using a Spinor Field and Perfect Fluid,
Gravitation and Cosmology 14 (3) (2008) 292-294.

. Y. P. Rybakov, Y. A. Popov, B. Saha, Scalar Field in Cosmology: Potential for

Isotropization an Inflation, Int. J. Theor. Phys. 50 (2011) 3421-3431.





