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B pabore B HEpENATUBUCTCKOM IOIXOE PACCMOTPEHO JIBUXKEHHME TPEX TUIIOB YKUJIKOCTEH
C OTPUIIATEJILHBIM JaBJIeHHeM (KOCMUYECKHN BaKyyM, KBUHTICCEHIMs, ra3 Jalbrusa) mom
JeficTBeM COOCTBEHHOI'O IPABUTAIMOHHOTO TOJIsi. BBe/leHne B KOCMOJIOTUYECKHE MO Be-
IIIECTBA C OTPHUIATEHLHBIM JIaBJIEHUEM SIBJISETCsI OJHUM U3 aJIbT€PHATUBHBIX MOIXO/I0B K 00b-
SICHEHUIO CYIECTBOBAHUSI yCKOPEHHOro pacmmpenus Bceenennoit. Kocmuaeckuit Bakyym 06-
JIaJIaeT He TOJIBKO OIPEJIeIEHHON IIJIOTHOCTBIO SHEPTUH, HO TAKXKe U JaBjieHueM. FKcin mior-
HOCTb BaKyyMa TOJIOXKUTEbHA, TO €ro JaBJIeHUEe OTpUnaTebHo. CBsA3b MEXKY JaBJICHUEM
¥ IUIOTHOCTBIO, T. €. YpaBHEHWE COCTOSIHUSI, UMeeT Jijisi Bakyyma Bus: P + & = 0. 910 ypas-
HEHHE COCTOSIHMSI COBMECTHUMO C OIPEJIeJIEHHEM BaKyyMa Kak (hOpMbI SHEPTHH CO BCIOJLY U
BCer/la TOCTOSHHOM IJIOTHOCTBIO, HE3ABUCUMO OT CHUCTeMbI oTcuéra. VcciienoBanue CBOMCTB
TaKUX YKUJKOCTEN IPEJICTABIISIET ONPEIEIEHHBIN HAY YHBII MHTEPEC C TOYKU 3PEHUS CYIIIECTBO-
BaHUs Y HUX OOBIYHBIX T'HJIPOJUHAMHYECKUX CBONCTB, B YACTHOCTH, CYIIECTBOBAHHUE BOJIHO-
BBIX JIBU2KEHUI TIOJT JIEHCTBUEM COOCTBEHHOTO TPABUTAIIMOHHOTO MOJIst. JIBUKEHME YKUIKOCTH
C TIOCTOSTHHBIM OTPUIATE/ILHBIM JIABJIEHUEM PACCMOTPEHO B CEPUIECKUX KOOPMHATAX KO-
IJIa YIUTBIBAETCS TOJIBKO PaUasbHas KOMIIOHEHTa cKopocTu u(r, t). [Ipu aToM ycranoBeHo,
qTO JIJ1d UJeaJIbHON »KUJKOCTU TUIIa KOCMUYECKOI'O BaKyyMa € IIOCTOSHHBIM OTPUIIATEIbHBIM
JaBJIEHUEM, JIBUKEHUE BO3MOXKHO TOJIBKO B TOM CJIy4ae, €CJIM eCTh (PYHKIUA UCTOYHHUKA,
He 3aBHUCAINAs OT IPOCTPAHCTBEHHBIX KOOP/IMHAT, & CKOPOCTDb JIBUYKEHUS *KUJIKOCTU SIBJISET-
cs JIMHEHHON DYHKIMEH PACCTOSHUS OT HadaJjia KOOPJMHAT, YTO HAIIOMUHAET 3aKOH XabbJia
B KocMmoutoruu. Jljid mieasbHOM YKUJIKOCTH C ypPaBHEHUEM COCTOSIHUS TUMA KBUHTICCEHIIMU
YCTaHOBJIEHO, UTO JBVIKEHUE >KUIKOCTHU IO/ AeHCTBIEM COOCTBEHHOIO I'DABUTAIIMOHHOTO TI0-
s AJIsT OMHOMEPHOI'O JBUKEHMSI BO3MOXKHO TOJIBKO B TOM CJIydae, €CJIM €€ IIJIOTHOCTH He
MEHBITIe HEKOTOPOT'0 KPUTHUYIECKOTO 3HAYEHUSs], IBUKEHNE MPOUCXOIUT B OTPAHUYIEHHON 00-
nacty 0 < ¢ < Tmax, @ CKOPOCTb MEHSIETCS OT HEKOTOPOI'O KPUTHUYECKOI'O 3HAYEHUS Uxp JO
u = 0. Uccnemoano Tak:Ke JIBUXKEHHE CPEJIbl C YPABHEHWEM COCTOSHHUS ra3a JaljIbIruHA
10/1, IeUCTBUEM COOCTBEHHOI'O TPABUTAIIMOHHOIO TI0JIsi B OJTHOMEPHOM CJIydae U MOKa3aHO, IYTO
CYLIIECTBYeT TPH PA3JIUYHBIX PEXKUMa TCUYEHUS.

KuroueBnble cjioBa: wmjeaabHas XKUJIKOCTh, 0APOTPOIHBII TPOIECC, OTPUIATETHHOE TaB-
JieHue, KOCMUYeCKHil BaKyyM, KBUHTICCEHITHSI.

1. Bsenenue

B macrosimiee BpeMsi B KOCMOJIOTUM HUCCJIEIYIOTCS MOJIEJU, UCIOJL3YIONNE yPaB-
HEHWE COCTOSTHUS UJIeaJIbHON »KUJIKOCTU C OTPUNATETbHBIM JaBienneM: P = We, tne
P — naBienwne, € — IJIOTHOCTH SHEPTHH, a Oe3pasMepHbIil mapaMmerp W npwHUMaET
paz3/imyHble OTPUIATEIbHbIE 3HaYeHUsI. BBe/ieHne B KOCMOJIOTTYECKIE MOJIEJIN Belle-
CTBa C OTPUIIATEJIbHBIM JaBJEHUEM $BJISETCSI OTHUM U3 aJbTePHATUBHBIX I10JIXOIO0B
K OObsICHEHHIO CYIIECTBOBAHUsI YCKOPEHHOIO paciiupenus BceesieHHOl (KOCMUYIecKuit
BaKyyM, TéMHas sHeprusi). IIpejcrabisier onpeJle/IéHHbI HAYIHBII WHTEPEC UCCIe-
JOBaHUE CBOMCTB TAKUX YKUJKOCTEN C TOUKU 3PEHUs CYIIECTBOBAHUS Y HUX OOBITHBIX
TUIPOJIMHAMUYECKUX CBOICTB, B YaCTHOCTH, CyIIeCTBOBAHIE BOJTHOBBIX JABUKEHUI 10O]T,
neficTtBueM cOOCTBEHHOTO IPABUTAIIMOHHOTO TTOJISI.

2. Kocvmuyeckuii BaKkyyM

OmHuM W3 OCHOBHBIX CBONCTB KOCMHYECKOTO BAKyyMa SIBJSIETCS TOCTOSTHCTBO BO
BPEMEHU €r0 IJIOTHOCTH SHEPIUU £ U JIaBJIeHUs P He3aBUCHMO OT YCKOPEHHOT'O pac-
mupenusi Beenennoit [1]. PaccMorpuM B paMKax HEpeJsITUBUCTCKON I'MIPOMHAMUKY
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TeYeHne UJIeabHON KUIKOCTH, UMEIOIIeil OTpuraTe/ibHoe JaBjeHne P 1 MOCTOSHHYIO
MTOJIOZKUTEJIBHY O TIJIOTHOCTD SHEPTUU £ TIO IeHCTBHEM COOCTBEHHOTO I'PABUTAIIMOHHO-
ro nosist. [Ipu aTtoM P u £ cBsI3aHBI COOTHOIIIEHUEM

P+e=0. (1)

Pacemorpum cityuait cdepruieckn-CHMMETPUTHOTO JBUXKEHUST XKUIKOCTH, KOTIA CY-
ECTBYET OJIHA DPaJuaJjibHasi KOMIOHeHTa cKopocTu u(r,t). B arom ciaydae cucrema
YpaBHEHHI TUIPOTUHAMUKN NUMeeT BU;

10P

r— "7 — ¥r 2
Ug + Ul » Br ¥ (2)
PtﬂLﬁa(’“ pu) = f(r,t), (3)

1 0, ,0¢
— 2 (1225 = 4nG 4
7“287“(74 87“) TP, (4)
rae f(r,t) — dyuxmus ncrounnka, G — IpaBUTAINOHHAS HOCTOSIHHAs, a ¢(7,t) —

MOTEHIMAJ COBCTBEHHOTO TPABUTAIIMOHHOTO TIOJIA.
Bammmem cucreMy ypasuenmit (2)-(4), momaras p = 5 = po = const > 0, P =
Py = const < 0:

ug + uty = —¢y (5)
pPo 0 5
ﬁ@(r U)—f(T,t), (6)
9 20¢ 2
—(r*=—) = 4nG . 7
or (r 8r) mpor (7)
Unrerpuposanue ypasaenusi (7) gaér:
0 4 C
a—f = ngor + 2 C' = const. (8)
Cunraem, uro npu Beex 0 < 7 < oo, |g—f[ < 00, nosromy C' = 0.
[ToxcraBastem
Oop 4w
r_a
or g "
B (5) u nosy4yaeMm ypasHenue jiist oupesesnennst u(r, t):
drG
Up + Uy = ——3 por- 9)
Perrenne ypasuenus (9) umem B Bue
u(r,t) = T(t)r. (10)

ITpu noxcranoske (10) B (9) nomyuaem ypasuenne st T'(t):

e

T+1? =3 Po- (11)
Ypasuenue (11) umeer perrenne
ArG
T(t) =atg a(tg - t), a? = 71-7/)0, to = const. (12)

3
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OKOHYATEJILHO JIJIsl CKOPOCTH (T, t) TOJIydaeM BbIpaskeHue
u(r,t) = artga(ty —t). (13)

Ckopoctb u(r,t) sBisiercs JuHEHHON (DyHKIMEl r 1 yBETMIUBACTCS ¢ BO3PACTAHN-
eM 7. 9TO CBONCTBO HAIOMWHAET 3aKOH Xab0ja: CKOPOCTb yIAAJeHUs] TAJAKTHK JIPYT
OT JIpyra ecTh JuHejiHas GyHkims paccrosiaus. U3 (13) caemyer:

u(r,0) = artgaty, (14)
upu t — tg  u(r,t) — 0.
ITpu manbHeitmeM yBenumdeHun ¢ > ty CKOPOCTH TEUECHHs MEHsET HAIPABJICHHE:
J— s
u(r,t) = —artga(t —to). llpn t — 5= + to, u(r,t) — —oo.

ITpu moacranoske u(r,t) uz (13) B ypasHemnue HenpepslBHOCTH (6) OHO He BBIIOJI-
usiercs, ecau f(r,t) = 0, 9T0 0O3HAYAET HECOBMECTHOCTDH ypaBHEHUil Diljiepa U Helpe-
puIBHOCTH. Jlj1s1 TOrO 9TOOBI 9TH ypaBHEHHs ObLIN COBMECTHBI, MOYKHO CIEJIATh IPeJi-
[IOJIO?KEHHUE, YTO B IPOCTPAHCTBE CYIIECTBYET MCTOYHUK HJeaJsibHO Kujkoctu. Ero
MOKHO HaiiTi u3 (6):

f(r,t) = %%(TZU) = 3poT'(t) = 3poatga(ty —t). (15)

Ucrounuk H,ZLeaHBHOIZ KJIKOCTU CyHIeCTBYET BO BCEM IIPOCTPaHCTBE W HE 3aBUCUT
oT T.

Ilpu t — to, f(t) — 0. Ilpu masnbHeilimeM Bo3pacTaHuy ¢ UCTOYHUK CTAHOBUTCS
OTPUIATEHHBIM (IIOTJIONIEHHE).

3. KBuHT3CCceHIUs

PaccmoTpum nBM2KeHUE HIEATHHON KUJIKOCTH € ypaBHeHUEeM cocTosHuss P = We,
e —1 < W < —1/3 [2] nox nefictBueM COGCTBEHHOIO TDABUTAIMOHHOTO MOJIsI B
oJTHOMEpHOM cirydae. Vcrnosib3yeMasi CucTeMa ypaBHEHHUI MMeeT BUT:

ou ou 10P B

E‘FU%*‘;%*—‘P% (16)
ap ou dp

e U — CKOPOCTD JIBU2KEHUA 2KUJIKOCTHU, ¢ — MOTEHIINAJ I'PABUTAITUOHHOI'O IIOJIA 2KUJI-

£

KOCTH, G — rpaBUTaIlMOHHAA IIOCTOAHHAA, 0 = o2

Paccmorpum 6apoTponHoe JIBHZKeHHE cpejibl, Korja jgasierne P = P(p), B npe-
OJIO?KEHUH, ITO CKOPOCThb U = u(p). B sToM ciayvae ypasuenus (16), (17) samumryTcs
cieyromum obpasoM [3):

du 1dP d o
o (wag+oa+5)e _
O du - (19)
ot du

dp du op
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U3 ypasuennii (19) u (20) cremyer:

du\> 1dP d
p() =2 (21)
dp pdp  dp
[Tpu nozcranoske P = —&p B (21) rye & — pa3MepHasi IOCTOSIHHASL, TIOJIy9IaeM ypaB-
HEHUe )
du & de
ol— ) =——+—. (22)
(dp> pdp

U3 (22) coepyer, 9To ecyin He yUYUTHIBATH COOCTBEHHOE IMpaBUTAInOHHOE ToJIe ((p = 0),
TO JIBUKEHUE YKUJIKOCTU HEBO3MOXKHO. JIBUKEHUE BOZMOKHO TIPH YCJIOBUH

§ de
-2 4+ L >0 23
PP (23)

Paccmorpum cranmmonapHbIil caydail — yCTaHOBUBIIIEECS JIBUXKEHHIE, KOTIa du — ()
p 11 p Yy ) It )

% = 0. B sTOoM ciIyuae u3 ypaBHEHUsI HEIIPEPBIBHOCTH CJIEJLYeT:
0 Ch
—(pu) =0, u=—, (7= const. 24
O (pu) P 1 (24)

Ioacrasisiem u(p) u3 (24) B (22) u nosydaem ypasuenue st ¢(p):

R
it S e 25
p? p dp (25)
U3 (25) nomyuaem ¢(p):
ct
o(p)=E&Inp — 37 + Cy, Cy = const. (26)

IMoncrasnsiem ¢(p) n3 (26) B (18) n nmosryyaem ypaBHeHHe JJIst onpeiesieHus p(x):

a2 c?
T2 flnp—Q—pZ—i—Cg =4nGp. (27)

VYpasuenue (27) MOXKHO 3alICATH TAKAM 00Pa30M:

<€p+ LD ><£p+ 1P )=47er<5’) + AP > (28)
p p> Jdz\ p p p P

[Tepsbiit naTerpas ypasuenus (28) umeer BuI:

9 N2 2
1 <£pa: n Clgpa:) — 47C <§P _ Cl) 4 @7 Cy = const. (29)
2\ p p p 2

Pemenue ypasuenus (29) npejcrapiisieTcss KBaJIpaTypoit

/ (&p® = CP)dp
po/2\/8rG(Ep? — CF) + Cap

= +(z + 7o) (30)
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Paccmorpum wacTHbiil caydaii, korma Cy = 0. B arom cayuae u3 (30) mosryuaem:

18(¢p? — C7)°/% +45CF (€p° — CF)*/? + 3001 (€0 — CP)'? = 3/
=V8rG . 31
I5CH (e G 8
U3 (31) crenyer
mpu p? = C}/€, a2 =0, (32)
HpI/Ip—>OO, x—>$male50%531+\/m.

IIpu sTom xumKocTh pacupenesera B ooaactn 0 < & < Tmax-
Taxum 06pa3oM, JBUKEHNE KUIKOCTH BO3MOYKHO TOJBKO B TOM CJIydae, eC/id yIu-
TBIBAETCsI COOCTBEHHOE TI'DABUTAIIMOHHOE II0JI€, & IJIOTHOCTL KUJIKOCTA HE MEHbIIEe
HEKOTOPOTO KPUTUIECKOTO SHAUEHUS Pyp = % Ha xoneunom untepBaje 0 < < Tpax
C

IIJIOTHOCTH MEHJEeTCAd OT pr a0 p = OQ. HpI/I 9TOM CKOpOCTb ABU2KEHUA U = 71 HU3Me-
HSCTCH OT Umax = /€ 710 u = 0.
4. Ta3z Yanuabiruana
PaccMoTpuM JIBUZKeHHe ra3a YaluILITHHa ¢ ypaBHEHHEM COCTOSHU:
P=—-A/p, A=const>0, (33)

101 JeficTBIEM COOCTBEHHOIO IPABUTAIMOHHOrO 11014 [4,5]. Mcnosnb3yem ypasuenus (16)—
(18) ¢ mpesmonozkenuem, 9o nporece baporponrsiit. Ilpu stom P = P(p), a Takxke
cumraeM, 4To u = u(p). PaccmarpuBaem crarpoHapHblil cirydail — yCTaHOBHBIIEECS

JIBUZKEHNE Ta3a, TP KoTopoM 2% = 0, % = 0, a CKOPOCTD JIBUZKEHUSI CPEJbI U ILIOT-
HOCTB CBsi3aHbl coorHomenueM (24). Ilpu nojgcranoske P = —% uu = % B (21)
II0JIyIaeM ypaBHEHHE

dge B

L == B=C?-A+#0. 34

dp ,03 1 ?é ( )

U3 (34) momyaaeMm ¢(p):
) =-L 10 C " (35)
=—— = const.
PP 2p2 2, 2

IMoncrasnsiem ¢ (p) u3 (35) B ypasHenue (18) u mosyvaem ypasHeHHe:

0? B B & (1
Ypasuenue (36) MOKHO 3anucaTb B BUJIE
92 (1 871G 0 ( pu 4G
ax(p> STBY w <p> =B " 37)

YwmuoxkaeMm (37) Ha Z—g U TOJIyvaeM ypaBHEHHUE

pz\ d [ pz 4G py
(&)dx@ =B 2 (38)
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ITepBbiit nHTErpa U perenne ypaBHeHust (38) 3allMCHIBAIOTCS TaK:

1<p$>2 _ 4nG1l G

2

PE

5 p+ 5 C'3 = const, (39)

dp
= £(z + 20). (40)
/ /2 [Cp — 36

PaccMoTpuM dacTHBIE CIydan BbIOOPA MOCTOSTHHBIX BemduH B (40).
us
1) O3>0, —2 =a2>0. (41)

U3 (40) nmeem:

2(Csp — a3)3/? 4 3ad(Csp — ad)*/?  96(nG)?

= x. (42)
3/2 3/2
(Csp) B2C;
U3 (42) nmomy4aem cieyioniie BoIpayKenust st p(z):
2
npn p = =4, x=0;
B2¢? (43)
pu p — 00, $—>$max:m-

[Tpu sTom raz pacnpenenés B obmact 0 < & < Tyax, & €r0 IJIOTHOCTD U3MEHSIETCS

OT Pxp = g’;g JO p = 00, KOTJa CKOPOCTb U = % U3MEHSIETCA OT Umax = Céfg’;B 0
u=0.
81G
2) >0, % = b2 <0. (44)
U3 (44) maxomum:
2(Csp +b2)3/2 — 3(C3p + b2)1/2?  96(nG)? i
(Csp)3/? T g )
U3 (45) nomyuaem p(z) :
npu p — 0, T — —00;
3203/2 (46)
opu p — 00, m%xmaxzm.

B srtom ciydae ras pacrpenenéH B o6gacTu —o0 < T K Tyax, IIOTHOCTH Tas3a
usmensercda or p = 0 10 p = 00, a CKOPOCTb U3MeHseTcd oT U = 00 10 u = 0.
81

3) C3=-h?><0, B

—b2. (47)
U3 (40) mveem:

(b2 — ph?) /2 (b + 2ph?)  96(nG)?
(ph2)3/2 T B2jp3

(48)

2
IIpm p = %, x = 0; opu p — 0, z — oco. ['az 3armmaer obaacts 0 < = < oco. IIpu sTom

2
CKOPOCTb U3MeHdeTCd OT U = Céf 0 U = Q.
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5. 3akJirwodyeHue

B nannoii padore cchopMyInpOBAHBI YCIOBHUS, IIPU BBITOTHEHIN KOTOPBIX BO3MOXK-
HO JIBUJKEHWE HUIEAJHbHON KUIKOCTH C OTPHUIATEIHLHLIM [TABJICHUEM IO IefiCTBAEM
COOCTBEHHOT'O TPABUTAIMOHHOTO TIOJISI.
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UDC 530.1(075.8)
On the Movement of a Fluid with a Negative Pressure under
the Action of its Own Gravitational Field

M. B. Vilca Chaicha, Yu. P. Rybakov, G. N. Shikin

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

We have considered in the nonrelativistic approach the movement of the three types of
the fluid with negative pressure (cosmic vacuum, quintessence, Chaplygin gas) under the
action of the own gravitational field. Introduction in cosmological models of a substance
with negative pressure is one of alternative approaches to the explanation of existence of the
accelerated expansion of the Universe. The space vacuum possesses not only a certain density
of energy, but also a pressure. If density of space vacuum is positive, its pressure is negative.
Connection between pressure and density, i.e. the equation of state, has an appearance for
vacuum P + & = 0. This equation of state is compatible with the definition of vacuum as
energy form with everywhere and always constant density, irrespective of frame of reference.
Study of properties of such fluids represents certain scientific interest from the point of view of
existence of usual hydrodynamic properties, in particular, existence of wave movements under
the action of the own gravitational field. The movement of the fluids with constant negative
pressure is considered in spherical coordinates when only radial component of velocity u(r,t)
is considered. We have established that for fluid type space vacuum with constant negative
pressure the movement is possible only if the source function doesn’t depend on coordinates.
In this case the velocity of the fluid is linear function of the distance from the beginning of
coordinates that reminds Hubble’s law in cosmology.

For ideal fluid with the equation of state of the type of quintessential we have established
that movement of the fluid under the action of the own gravitational field for one-dimensional
movement is possible in the case if its density exceeds some critical value, the movement of
the fluid takes place in some bounded region 0 < & < Tmax and its velocity changes from some
critical value uc; to u = 0. We also studied the movement of the medium with the equation
of state of the Chaplygin gas under its own gravitational field in one-dimensional case, and
show that there are three different flow regimes.

Key words and phrases: ideal fluid, barotropic process, negative pressure, cosmic
vacuum, quintessence.





