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Il ercst 0630p NMpUMEHEHHs I MWIBTOHOB (POPM JIN3M B OUIP BUT ILIMU M M CCHUBHOM
rp BUT LK ¢ noteHuy joM ge P M —I' 6 o m3e-Tomu (nPT'T) s BbiBox  hOHOBBIX KOC-
MOJIOTHYECKHX yp BHeHHH. [IoK 3 HO, 4TO KOCMOJIOTMYECKHE CIIEH PUH B OWrp BUT UM
OK 3bIB I0TCS Onm3kumu K cT HO prHOi Momenun ACDM, omH Ko 0OH pyXHB eTcs JIHH -
MHYECKMH X p KTep KocMojioruyeckoro 4wieH . KocMmonoruuyeckuil uieH BO3HUK €T He3 -
BHCHMO OT BbIOOp 1 p MeTpos motenuu a1 APIT, ero m cmr 6 ompenensierca M ccoi
Ip BUTOH . P ccMOTpeHs! p 37MuHble B3 UMOJCHCTBUS I'P BUT LUK C M TepuUeil.

This article is written as a review of the Hamiltonian formalism for the bigravity with
de Rham—Gabadadze-Tolley (dRGT) potential, and also of applications of this formalism
to the derivation of the background cosmological equations. It is demonstrated that the
cosmological scenarios are close to the standard ACDM model, but they also uncover the
dynamical behaviour of the cosmological term. This term arises in bigravity regardless of
the choice of the dRGT potential parameters, and its scale is given by the graviton mass.
Various matter couplings are considered.

PACS: 04.20.Fy; 04.50.Kd; 98.80.Jk

BBEAEHUE

OnHoOi W3 KTy JIBHBIX IPOOJEM COBPEMEHHON (DH3MKH SIBJSIETCS HpOOJieM
oOBsicHeHNs! TeMHOI sHepriuu. CyIIecTBYIOT P 3NHUYHbBIE MOAXOIbI K BTOH 3 I 4e,
W OIMH W3 HUX — PEBU3MUs CT HA PTHOH TEOPWH Ip BUT LM, T.e. oOImIel Teopun
orHocurenbHocTH (OTO). DTO MOXET OBITH ClIeST HO ITyTeM HNPUI HUS M CCBI IP -
BUTOHY. B ®TOM Cilyd e NOSIBIISIOTCS HOBbIE NPEICK 3 HHS JUIs (PU3UKU H  O0JIb-
mUX p ccrossHusiX. OOBIYHBIM IYTEM IIOCTPOEHUS M CCHBHOM ID BHUT LIUH SIBJIS-
€Tcsl BBEIEHHE HOBOTO TEH30PHOTO ITOJISI CO CBOMCTB MH, NMOZOOHBIMH CBOHMCTB M
METpHYECKOro TeH30p . C 3CTeTHYECKOH TOYKHU 3pEHUSI €CTECTBEHHO OXMHJ Tb,
YTO HOBOE MOJie T KXe Oy#eT IMH MUYecKHM. B ®ToM ciyd e Mozens H 3bIB eTcs
Ourp BUT 1Mell WM OUMETPUYECKOH Ip BUT LUeld. B JHMHEHHOM OTHOCHTENIBHO
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IUIOCKOTO (pOH TNPHUOMKEHUH OUIP BUT LIMS ONHUCHIB €T OJHO O6e3M CCOBOe moJie
COMH 2 W OJHO M CCHBHOE II0JI€ C TEM K€ CIIMHOM.

KitoueBoit mpobieMoit pu 1MocTpoeHUn OUTp BUT LUK WIM M CCHUBHOM Ip -
BUT IIMU SBIISETCS HEoOXOAMMOCTh M30eX Th HosiBieHus mayx bymes p —Ie3se-
p [1l. Ot 3 mu 6eu1 pemien ge P mom, I' 6 1 m3e u Tomu [2,3] (uPI'T),
HPEIOKUBIIUMH CIIELH JIbHBIA BHJ MOTEHLM JI , BKJIIOY IOMIMI B ceOs KB Op T-
HbIi KOpEeHb M3 M TpHLBI. [JIOK 3 TEJIBCTBO TOrO, YTO T K I TEOpHs CBOOOIH
OT IyXOB, IEPBOH 4 JIbHO TOSBWJIOCh B METPHYECKOM I MHIJIBTOHOBOM (hopMm -
musme [4,5]. Henocpexncreennsle p cuersl it noreHud 1 IPI'T B MeTpuyeckom
thopM nu3Me BECbM 3 TPYAHHUTEIbHBI, OOH KO OHH CT HOBSTCA MHOIO MpOILE B
TeTp AHBIX nepeMeHHbIX. K cu crTbio, 1py 00CYXieHUH (POHOBOW KOCMOJIOTHH
00 MeTpUYEeCKMX TEH30p JHU TOH JIbHBI M UMEIOT Kp HHe npoctoi Bua. Mbl npu-
XOOMM K T K H 3bIB €eMOMY MHHHU-CYIIEPIIPOCTP HCTBEHHOMY (hOPM JIH3MY, U 31€Ch
n3BJIeYEHNE KB P THOTO KOPHS M3 M TPHIBlI HE MpEICT BISeT HUK KUX 3 TPyI-
HEHUIl 1 MOXET OBITh BBIIIOJIHEHO SIBHBIM 00D 30M.

OG6p TiM BHUM HHe, 4TO Oyx BynsB p —[lesep B IBYX Ciy4 sIX MOSIBISETCS
I Xe B MHUHHU-CYIEPIIPOCTP HCTBE: BO-TIEPBBIX, IIPU BHIOOpPE MOTEHLHM JI , OTIINY-
Horo oT API'T (cM. p 3a.5), BO-BTOpPBIX, IPU MUHUM JIbHOM B3 UMOAEWUCTBUU M -
TEPUU CP 3y C IBYMS METPUK MH (cM. I1.4.2).

H crosm s p 60T sBnseTcs nepBbIM 0030pOM, MOCBSIIEHHBIM I' MIJIBTOHOBY
HOIXOAY K KOCMOJIOTUM OUIp BHUT LMH. B TO Xe BpeMs OH MOXET CIyXHTb BBe-
aeHueM B Oosiee oOliee H Np BJIEHWE — B I' MIJIBTOHOBO OIUC HHE TEOpHUH Ou-
IP BUT MU U M CCUBHOH I'p BUT LM ¢ noreHuu Jjiom aPIT.

K H crodiieMy BpeMeHH 10 TeMe KOCMOJIOTHH OWIp BHUT LIUM yX€ H IHC HO
HeM Jio p 60T. MbI HUTHPYeM TOJBKO Y CTh M3 HUX M HE NpEeTeHZyeM H T,
4TOOBI MPEACT BUTh MX MOJHBIN cricoK. K K 1p Builo, B 9THX p 60T X B K 4YeCTBe

IO p T HIPUMEHSIOTCA J1 TP HXKeB (hopM JIM3M U ToXaecTB bu uHku. OrTianyu-
TEJIbH s1 OCOOEHHOCTh JI HHOM CT ThbU B TOM, YTO OH H IHUC H K K BBEJEHHUE B
KOCMOJIOTHIO OMTp BUT LIUM, OXB THIB €T P 3HBIC ITOCT HOBKM 3 1| UM M IPH 3TOM
0o0BeqUHIET WX C €AWHON TOYKH 3PEHMS] I MHJIBTOHOB METOA , KOB PH HTHOE
NIpUMEHEHNe KOTOpPOro K OMMETPUYECKOW TEOpPHUH BIEPBBIE P CCM TPUB JIOCh B
p 6ore [6]. H M K Xercst yMECTHbIM T KXe€ COCJI ThCS H W3BECTHYIO KHHUTY MO
I' MWJIBTOHOBY NOAXOAY K KOocMosoruu [7].

P 3HO00p 31e mocT HOBOK 3 JI YM MOPOXKAEHO BO3MOXHOCTBIO BBIOUD Th CIIO-
co0bI B3 UMOJEHCTBHS M TEPHH C JByMS METPUYECKHUMH TEH30p MH. B cT The p C-
CMOTpEHBI MUHHUM JIbHbIE B3 MMOJEICTBUS ABYX BHUIOB M TEpHM C IBYMS METpH-
K MH, MUHUM JIbHOE B3 HUMOJEWCTBME M TEpPHUHU TOJIBKO C OIHOM U3 ABYX METPHK,
B3 MMOJEHCTBHE M TEPHM C JIByMS METPUK MH Cp 3y U B3 MMOAEHCTBUE d(ek-
THUBHOW METPUKH ¢ M Tepuedl. T KXe Mbl NPOWUTIOCTPUPYEM OOIIYyI0 CXeMy IpH-
MepoM MOTEeHIH 11 , He oTHocsmmerocs K tumy JPTT. M3 coobp XeHuil mpocTOTHI
W3JI0KEHUS] OTp HUYUMCS CIIyd €M IUIOCKOrO MPOCTP HCTB W H JIMYMEM TOIBKO
OJIHOTO TIOJI1 M TEepUH.
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B cr The He p ccM TpHUB eTcd JIOK JIBH S (PU3MK M COOTBETCTBYIOILHE BO-
MIPOCHI YCTOHYMBOCTH (DOHOBBIX peIleHHH. DT TeM 00CyXI ercd, H NpuMep, B
nyonuk mmsx [8,9]. B p 6ote [10] yrBepxn ercs, 94To mpoOlieM p CTYIIUX BO3-
MYLIEHHH MOXeT OBbITh pelieH BbhIOOPOM OYeHb M JIOH M cchl IIm HK i BTOPOi
METPUKH f,.

B p3n.1u2Kp TKO U371 T' eTCsl MOCTPOGHUE I' MWJIBTOHU H OWrp BUT LIUM
(cH 4 1 B METPUUYECKUX IEPEMEHHBIX, 3 TeM B TeTp AHBIX). bonee et nbpHOE U3-
JIOXKEHHEe YUT TeNlb MOXeT H WTH B myonuk 1wmsax [11-16]. C uabIME mogxonm Mu
K I MAJIBTOHOBY (DOpM JIM3My, KOTOpBIE 3[€Ch HEe OOCYXI IOTCS, MOXHO IO3H -
KOMHUTBCS B p 60T X [4,5,17,18]. I' MUIBTOHU HBI B MHHH-CYIIEPIPOCTP HCTBE
KOHCTPYUPYIOTCS B p 3.3, 3 T€M P 3BUTHI T M MOAXOA IPUMEHSETCd I KOH-
KPETHBIX BBIBOJOB KOCMOJIOTMYECKHX yp BHeHMi B p 31.4 u 5. IIpunoxenue 1
COEPXKHUT siBHBIE popmysabl mid moteHuy a1 APIT B TeTp OHBIX nepeMeHHbIX. B
MIPUWIOKEHUH 2 CK TO W3JI T I0TCS OTHOIIEHWS TEOPHU OUTP BHUT LUK C COBPEMEH-
HBIMU H OmrofieHMsIMU. P 3ymeercs, B COBpEMEHHOW JTUTEP Type P CCM TPHB €TCH
Hecp BHMMO OoJjiee IIMPOKHH KPYyr Mojeneil KOCMOJIOTUH, U BTOP HUKOMM 00p -
30M He IBIT €TCS HOK 3 Th, YTO MPEJACT BICHHBIE HUXKE SIBJISIOTCS H WIYYLINMHU.

1. METPUYECKHUE IEPEMEHHBIE

[T1oTHOCTB 71 Tp HXU H OWIp BUT UMM MMEET BUJ

2 2
L= »Cg + ﬁf + Ly — %U(f;wvg/w)v

IJie UCMOIb30B HBI IBe Komuu J rp Hxu H OTO
1 1
Ly= V99 Ry, Ly = VR,

B £ T xXe BXOZIT NOTEHUH JI B3 UMOJAEHCTBHS JIByX METPHK M JI TP HXU H M -
tepud. 1 NpOCTOTHI B pojiM M Tepuu OyoeM p cCM TPUB Th CK JIIpHOE IIOJIE,
MUHHUM JIBHO B3 MMOJIEHCTBYIOIEE C HEKOTOPO MeTpukoil G, ,

£¢ = \/—_Q (—%gﬂy(ﬁ,u(ﬁ,u —U(¢)) . (1'1)

B 1 npHeiinreM oTOil METPUKOI MOXET OBITh g, WIK [, WM UX KOMOUH LM,
H 3bIB €M 1 3ppeKTUBHON MeTpUKOH (cM. 11.4.3). TIocTOSHH £ K nepes MOTeHLHU-
JIOM MOXeT OBITh BHIOp H COBII [ IOIIEH CO CT HA PTHOH HOCTOSHHON HploToH
kg = 16mG, HO B HEKOTOPBIX CT ThX OH BHIOUD €TCS MH ue, H NpUMep,

1 1 1

=+ —, (1.2)
K kg Kf
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[O3TOMY MbI CH 4 ]I npuMmeM oOmiee 0003H yeHue. OOO3H UMM KOMIIOHEHTHI
3 + 1-p 3noxeHua obmell MeTpuku G,, U ee oOp THOH B KOODIHH THOM O -
suce AIIM criemyromM o0p 30M:

_NQ + ,(/)mn./\/‘m./\/’n '(/)jk'Nk
G || = " : (1.3)
i Vij
N2 NIN—2
NG I =\ \rinrm2 is  arininr—2 | (1.4)
NN 7 = N'NIN
e N — dynkuus cMemenus; AP — BeKTOp CHBHT ; Y;j — MHIYUMPOB HH 4
METPUK H TPOCTP HCTBEHHON THMIIEPIIOBEPXHOCTH (PHUKCHPOB HHOTO BPEMEHH,
¥ — obp TH 4 K Heii M Tpui . TToTeHUM J1 B3 MMOJIEICTBUS JBYX METpMK,

npemioxenusiii 1e P mom, I' 6 o1 m3e u Tomu [2, 3], cTpouTcd K K JIMHEWH S

nw
KOMOMH IMSl CHMMETPUYHBIX ITOJIMHOMOB €; M TpHLbI XF = ( g—lf)
v

€y = 1,
e1 = A1+ A2+ A3+ Ay,
€2 = A1 A2 + Aoz + Az Ay + A + Az + Aoy, (1.5)

e3 = A AaA3 + Ao Ashy + A A3y + A1 Ay,
€4 = A A2z )y,

rge A; — coOcTBeHHbIe 3H YeHus M Tpulpl X. Torg
4
U=v=9Y_ Bnen(X) = Bov/=g+...+ B1/—f = NU.
n=0

H m nn #H mocTpoeHus I MUJIBTOHOB (QOPM JIM3M  COCTOUT B CJIEIYIOIIEM.
CH 4 1 3 UMCTBYeM K HOHHYECKHE IepeMEHHbIEC W BbIP KEHUS I' MIJIBTOHH HOB
u3 aByx konuit OTO

H, = / dPx(NH + N"H;), (1.6)
Hy = /d%(NH + NH,), (1.7)
rae
_ 1 1 w2
= —— [ —~RW £ 2
H ﬁ(ﬁng +ng<2 Trm )) (1.8)
H; = —2n) (1.9)
1 /1 12
——— [ —pypM™ - _ 2
H \/ﬁ<mf”R +/<;f<2 Tr1I )) (1.10)

(1.11)
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Mexay K HOHMYECKHUMH II€PEMEHHbIMH HMEIOT MECTO CT HJ PTHbIE CKOOKH
Ily ccon

{7ij (@), 7 (y)} =

{3 (), T (y)} = 5

AJIM-p 370XEHHUS IBYX METPHUK IPOCTP HCTB -BPEMEHHU UMEIOT CIEAyIOIIUI BUI:

1
5 (6568 + 6£6%) (), (1.12)
1

(6708 + 6L6%) 6(x, ). (1.13)

_N2+77mnNmNn n‘ka
|| ful| = k ’ , (1.14)
Nir N i
—N—2 NIN—2
||fﬂ || = NZ'N_Q nij _NZ'NjN_Q ’ (115)
—_ N2 4 ,YmnNmNn 'Y’ka
|gpul| = . ! , (1.16)
Vi N Vi
—N—2 NIN—2
w = T ) 1.17
||g || N1N72 ,YZ] _NzN]N72 ( )

3 TeM MbI IMOCTPOUM I' MUJIbTOHU H M TE€PUHU
HN[ = /d3$(NHM +N7'HMZ)

B ciyu e, xora pomnb M TepUH WP €T CK JIIPHOE 10Jie, MUHUM JIbHO B3 UMOJEH-
CTBYIOIIIEE C ONHOU U3 METpUK G, cort cHo yp BHeHHM (1.3), (1.4) nomyu em

Hy = ﬂ-—i + @
2V 2
IIpu p Gote ¢ nByMs u Oojiee METPHK MH BMECTO KOOPOUH THOTO O 3MC YOOOHO
I0JIb30B ThC reOMeTpUYecKuM 6 3ucoM [19-22], 0Op 30B HHBIM SIMHUYHOW HOP-
M JIbIO K TUIIEPIIOBEPXHOCTH COCTOSHHS N M TPeMs K C TEIbHBIMH K DTOil rumep-
HOBEPXHOCTH BeKTOp MU ef. Ilycth X* — IpOU3BOJBH s CUCTEM KOODIUH T
B NPOCTp HCTBe-BpeMenw, (t,z') — cucteM koopmu T AIM, T.e. yHKIMH
X# = X*H(t) obecreynB 0T OXHOI P METPUYECKOE 3 IOJIHEHHE MPOCTP HCTB -
BpEMEHH MPOCTP HCTBEHHONOAOOHBIMH THIIEPIIOBEPXHOCTAMHU, TOTA K K ' —

BHYTPEHHUE KOOPAUH Thl H THIEPIIOBEPXHOCTH.

Torn e = X*/Oz" ectb Tpu K C TenbHBIX BEKTOP . P 3ymeercs, mist mo-
CTPOEHMS] €AMHUYHOW HOPM JH TpeOyeTcs METPUK NPOCTP HCTB -BPEMEHH; HC-
THOJIB3YeM VI 9TOTO METPHKY f,,,,, TOTH

00050 + /YU(P).

fuwntn” = -1, fuwnte; =0.
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Ecnu 1o 3ToMy 6 3uCYy P 31OXHUTb APYTYIO METPHKY, H IIPUMED, Gy, TIOTYUHM

—u~?[nHnY] uu=2[ntey]
||gwl|| = i1 oy ij i,d _2] uoy s (1.18)
wu? e n’] (v —uwulu )[eiej]
(—u? + Ynu™u™)[nun,]  —yipukngel]
||gHV|| = kr.i i, ) (119)
—YikU [e“ny] %‘j[euey]

IJle HOSIBISIOTCS HOBBIE TlepeMeHHble U, u'. OHM UTp 10T K K MHHUMYM TPH POJIH:
BO-TIEPBBIX, OHU TMOSBIAIOTCS B (DOPMYN X, CBS3bIB IOIIMX [BE I Pbl (DyHKIMIA

CMEIEHUS] U CIBUT : o ,
. N'—N'
T __
BO-BTODbIX, OHH IOy I0TCS IIPM IIPOEKTUPOB HUM TeH30p ¢gHY H 6 3uc (ng, €l),

TIOCTPOEHHBIH H OCHOBE METPUKHU f,,:

u =

=t

B 1 . 1 ) g“ g“”nuef,
Ve e 4T = g nan

u

IS
|
|

If

, (1.21)

B-TPETbUX, OHHU SIBISAIOTCS KOB((UIMEHT MU HEpPexXox Mexay IByms O 3uC MU

(P, @) 1 (Ngs €l):

_— i i
Ny =uny,, €,=¢

; 1
ot T SHo_ M
A po Wy, = n e e =e¢;. (1.22)

TlocKoMbKy 6 3UC KOBEKTOPOB (Nq, €%) M 6 31uc BEKTOPOB (n®, €$') MOCTPOEHBI C
IIOMOLIBIO METPUKH [, 9T METPUK MMEeT TOJIBKO IIECTh He3 BHCHUMBIX KOMIIO-
HEHT IIPH P 3JI0KEHHH 110 HUM:

I = ~ln] ) (1.23)
a 0 nilefes] )’ '
—[n“ny] 0
wv || = . 1.24
e N T ) 2y

O4eBHIHO, YTO BCE KOMIIOHEHTBI M TpHLbI Y5 = gH® f,,, BBIp X I0oTCA 4Yepe3
TEPEMEHHBIE U, U', Y;; W 7);j. DTO K€ YTBEPXKIEHUE CIIP BEIMBO /Ul HHB PH HTOB
a10it M Tpuupl, H mpumep, Tr (Y™). TlostoMy coOCTBeHHbIE 3H YeHHs] X = VY
T KX€ 3 BUCAT TOJNBKO OT 3THX IEepeMEHHbIX. B o0mem ciyd € HEeBO3MOXHO
MOJTyYUTh SIBHOE BBIP XeHue s rmoreHuu a1 nPIT B Buze

U= NU(u7ui77’]ij7’}/ij)'
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Io @T0ii npuyrHe Mbl H YMH eM ¢ ¢yHKuuU obwmero Bux U u ee ¢opM JIbHBIX
TIPOM3BOAHBIX

oU
V=— 1.25
R (1.25)
ou
S (1.26)
T KXXe OyaeM HCIOJIb30B Th (QyHKIIHIO
- oU 00U
W=l "

I" MmunproHu H TENEpb NIPUHUM €T BUI
3 ¥ i17 2m? - i ¥
H= [ & |N{H+uH+u'Hi+Hy +—=U)+N (Hi +Hi + Har)

Torn npon3BOAHBIE OT MOJHOTO I' MIJIBTOHM H 110 HEIUH MHUYECKUM IE€peMEeH-
HeIM N, N*, u, u' I 10T H M NIEPBUYHbIE YP BHEHU:

OH _ - 2m2 -
R=S0 = H 4 wH+ ' H, + Har + 0 =0, (1.27)
ON K
OH _
Ri = D = H - Hari = 0, (1.28)
1 0H _ OH 2m?2
- = JES—— = 1.2
S= g =M+ g +——V =0, (1.29)
10H - OH 2m?2 _
Si=5gp =it Gt + ——Vi=0. (1.30)
3 TEM HepeHI/IHJCM I MUWIBTOHHU H B CHCHyIOLL[eM BUJC:
H= /de[N (R’ +uS +u'S;) + N'R], (1.31)
rae 5
2
R :H+%W. (1.32)

Iitst notenmu 1 o6mero sug U yp BHeHus
§=0, & =0 (1.33)

MOTYT GBITh P 3peIieHbl OTHOCHUTENBHO TEPEMEHHBIX w, u', 3 TeM ®TH pelleHus
H JI0 MOACT BHUTH B BBIp XeHue R’, 4TOOBI IPEBP TUTH €r0 B CBSI3b, T.€. B (PYHK-
LIMI0 TOJIBKO OT K HOHMYECKHX IlepeMeHHbIX. Ilocie aToro yp BHEeHUA

R=0, Ri=0 (1.34)
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OK 3bIB IOTCS CBA39IMH IEPBOTO PO , BO3HHUK IOIIUMHU BCIIEACTBUE WHB PH HTHO-
CTH OUTp BHUT MU OTHOCUTENBHO AupcheoMopr3MOB pocTp HCTB -BpeMeHH. H
MTOBEPXHOCTH CBSI3eH, T.e. TpH BhIMOTHeHUH yp BHeHuil (1.33), ux ckobku Ily c-
COH YJIOBIIETBOPSIIOT U3BECTHOH Jrebpe

{R(z),R(y)} = (0" (2)Re(x) + 0™ ()R (y)) 6. (2, y), (1.35)
{Ri(x), R ()} = Ri(y)d.x(x,y) + Re(x)0,i(x,y), (1.36)

KoTop 5 O6bU1 mosydeH [Iup KoM M 0OCYXI J1 Chb MM B CBSI3H C NPEIJIOKEHHEM O
KB HTOB HHUM IOJIEll H HUCKPUBIIEHHBIX TMneproBepxHocTax [23]. g noTeHuu-
n obutero Bux U Mbl 30€Ch [OTYY €M Yp BHEHHs, KOTOPBIM [OTEHIH J1 AOJIKEH
YIOBJIETBOPSTh, YTOOBI UMEJI MECTO YIIOMSIHYT § Bbilie Jire6p ckoOok Iy ccoH :

oU ou  LoU -
2n; 27; I— —§U =0, 1.38
nk(’)n + Wka%k L U=0 (1.38)

. ou . U w ok ik OU
2uj’yjka’y7;k —u' U% + ( Uy —uu ) w =0. (1.39)

Ins Toro uto6sl yp BHeHHEe S = ( SBIVIOCH Yp BHEHHEM CBS3H, IO3BOJISIOLINM
UCKJTIOYHTH JIyXOBYIO CTEIIeHb CBOOOIbI, HEOOXOIMMO H JIOXHUTh H TIOTEHLH JI elle
OJIHO YCJIOBHE. DTHM YCJIOBHEM SIBJISIETCS TPEOOB HUE HEBO3MOXHOCTH P 3PELINTb
yp BHenus (1.33) OTHOCHTENBHO BCTIOMOT TEJBHBIX MEpeMeHHbIX u® = (u,ut),
T.€. 3TH Yp BHEHHUS JOJDKHBI ObITh (DYHKIIIOH JIBHO 3 BHUCHMBI:

DS, S) 0 [2m?
D, ) ‘detHauaaub ( " U””)H

2m? -
= Hess(axa) (%U + HM> =0. (140

I nee H M HEOOXOIMMO JOK 3 Th CYLIECCTBOB HHE BTOPUYHOM CBA3M {2 U ¢ KT
Hep BeHCTB Hy/o ee ckoOku Ily ccoH ¢ nepBHYHOM CBs3bI0 S. 3/1eCh MOJIE3HO
IPUMEHUTh MeTOH, NpetoxeHHslid Jle3HoBeM U1 @ ifepnu [24] mand noctpoeHus
HEsIBHBIX PELIeHHH OJHOPOAHOrO yp BHeHHs MOHX —Awmrmep . DToT npueM Obul
BIIEPBBIE UCIIONIF30B H B TEOPHH M ccuBHOU rp BUT 1wmu [13]. KomObunupys yp B-
uwerns (1.38), (1.39) ¢ Texuukoi p 60THI [24], MOXHO JOK 3 Tb, UTO

{S(x),S(y)} =0,

H, CJICAO0B TEJIbHO,

S ={S,H} z/d%N{S,R’}:/d3xNQ:O<—>Q:0.
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Ipumensis ToxaecTBo SIKoOK, MOXHO T KXe IOK 3 Th, YTO B OOIIEM CIyd €

{©, 8 #0,

U, T KUM 0Op 30M, ®T I P CBs3ed OK 3bIB €TCS BTOPOrO PO B TEPMHUHOJIIOTHU
Hup x . Bciomor TenbH s mepeMeHH 51 % (PUKCHUPYETCsl YCIOBHEM COXp HEHU
BTOPHYHOH CBA3U IIPH 9BOTIOLUH

(Q.H) = / PN (R} +u{0,5)) =

Jlpyrue BcrioMor TenpHbIE NepeMeHHble 1’ JOJDKHBI ONpPENesIThCS U3 YP BHEHMH
S; = 0. ng aToro HeoOXOIMMO MOTPEGOB Th, YTOOBI BBIIOIHSIOCH YCIIOBUE

2
det —detHL(Qm U—i—HM)H:
K

Outouk

om? -
= Hess(3xs) (%U + m) £0, (1.41)

U, CIIeI0B TeNbHO, p Hr Oompmoro 4 x 4 reccu H (1.40) momxeH OBITH p BeH
TpeM. B uTOore npuxomuM K r MUIIBTOHOBY (OpM Jmu3My Ourp BUT Luu ¢ 12 1 -
P MM K HOHMYECKMX NEPEMEHHBIX (7ij, ™), (1;;,11%), yeThIpbMsi CBA3IMH TiEp-
Boro pox R, R; u nByms cBszsiMu Broporo pox S,€). s T KOro noreHuu Ji
B3 MMOJIEHCTBUS JIByX METPUK HMeeTcsl 7 Ip BUT LIMOHHBIX CTeTeHed CBOOOmpI,
COOTBETCTBYIOIIMX JIBYM 11 6€3M CCOBOTO IOJISI U ISATH UII M CCHBHOTO.

3mech MpU U3IOXEHWA M Tepu JI Mbl ciienoB i p 6ot M [11,12]. [na
M CCHBHOH Ip BHUT IIMH PE3yJIbT THI T KXe ObUTH MOJIy4eHH B cT The [13].

2. TETPAJHBIE IEPEMEHHLIE

MOXHO T KXe p 3BUTb I' MHJIBTOHOB MOAXON K OMIp BUT LMH, MCIOJIb3YS
TETp JHbIE NepeMEHHbIE, CBI3 HHBIE C METPUKOI (hopMynT MU

9" = ERELhAP ) fu, = F FPhap, 2.1
rae hap — MeTpuK MUHKOBCKOTO
hAB = dlag (_17 17 17 1)7

(EY, Ef) (Ff, F'{) — B3 uMHO-06p THbIe M TpHULBI TeTp A. BooOwe TeTp aHblit
topm mu3m Gosee croxeH, yeM merpuiaeckuid. T K K K 10 KOMIOHEHT MeTpuyie-

CKOIro TEH30p 3 MCHAITCA H 16 KOMIIOHEHT TETp Abl, YBECJIUYUB €TCAd YUCIIO
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yp BHeHuii cBa3u. [loaTomy srebp cBsizeil ycimoxusercs. B To xxe Bpems Tetp I-
HOE TIPEACT BIICHHWE MO3BOJISIET MOIYIHTh SIBHYIO (hopMyity st nmoteHuu 1 gPTT.
JIefiCTBUTENBHO, M TPHIL
A
Xb =EFF, 0 2.2)

OK 3bIB €TCS KB AP THBIM KOPHEM U3 M TpHUbI Y# = g f,,,. eciu crip BeUTHBBI
YCIIOBHS CUMMETPUU

EWNFP —EMPF,4 =0. (2.3)

Torn yno6bHo 3 Menuth yp BHeHUs (1.5) 9KBUB JIGHTHBIMU (POPMYJ MU JUISL CUM-
METPHYHBIX OJIMHOMOB

eg = ].,

e1 = TrX,
1

e2 =3 (TrX)*? = TrX?), (2.4)
1

e =g (TrX)? —=3TrXTrX* +2Tr X%),

((TrX)* = 6 (Tr X)? T X% + 3 (Tr X?)? + 8 Tr X Tr X® — 6 Tr X*) =

et ||l _ VT
det ||Eua|| V=g

Y1006HO H 4 Th C TETp bl NPUBWIETHPOB HHOTO BHJ , YTOOBI IMOTOM Tp Hcop-
MUpOB Tb ee K oOmemy Bugy. CH 4 ;1 3 iiMeMcs METPUKOH ¢, ¥ BO3bMEM B
K 4ecTBE TEeTp [bl CJIEAYIOLIYI0 YeTBepKYy BEKTOPOB: IepBbIii BekTop E§ Oyner
€IMHUYHON HOPM JIBIO K TMIIEPIIOBEPXHOCTH COCTOSIHUS 1%, TIOCTPOEHHOH H 6 3¢
METPHUKH G,

e

=det X

= v el 1 B 74
gunte] =0,  guntn’ = -1,

OCT JIBHBIMHU TPeMsI BEKTOp MH OyOyT TpW K C TENIbHBIX K THIEPIOBEPXHOCTH BEK-
TOp , IOPOXIEHHbIE TPH [ MU MHIYUMPOB HHOM METPHMKH ;;. Hns aTux Tpu I €f
HUMEIOT MECTO yp BHEHHs, ONOOHbBIe yp BHEHUSIM (2.1):

anb . i i i
Vij = €je€;0ab, Oap = diag(1,1,1), egei = dup, €,€ja = ;.
Torix K C TelbHbIE POCTP HCTBEHHO-BPEMEHHbBIE BEKTOPHI UMEIOT B[

ox«
oxt

OO6p TH s TeTp N OyHeT ClaeaymolIei:

0 _ - a __ =i P WL
EH =N, E,= €,€ias €, = guve;v’".
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HeiictBys mogo6HBIM 0Op 30M I METPUKH [}, MOXKHO T KX€ TOCTPOUTH NPU-
BIJIETUPOB HHYIO TETp Ay

F=—ny, (2.5)
Fi=elfja, €, = fuen’. (2.6)

Torn o6ur s Terp i F' Moxer GbITb MONMydeH B Pe3ylbT Te Npeobp 30B Hus
Oyct

A _ € Py _ a a __ ga 1 a
AB<pa pg)a €= 1+pap7 IPb* b+5+1ppb7 (27)

MIPUBWIETUPOB HHOU F* = A P F. 3I[CCI)
p p v B v
p" =Da, hapA cAp =hep.

[Mocsie aTOro Mbl MOKEM IOJIYUUTh M TpHLY X, orpesiesieHHy0 yp BHeHueM (2.2).
[Ipuxomum K cleayionieMy pe3yabT Ty:

Alntn,]  Bi[nte,;]
no_ , " | j
Xy = ( C'let'n,] DYlel'e,;] )’ (2:8)

rae
A=-% (2.9
u
i
Bi =P (2.10)
u
. i .
ci=YE_pe @2.11)
u
. % afja ) )
pii = _YP2 | piap et (2.12)
U

ITocne nmpsMOro BBIYMCIEHUS BCEX CHUMMETPUYHBIX IMOJMHOMOB (2.4) momyd em
saBHOE BbIp XeHue noteHuu 1 API'T, KOTOpsIil OK 3bIB €Tcs JIMHEHHBIM MO Tiepe-
MEHHBIM U, u*:

U=uV+u'V;+W. (2.13)

Oyukunn V, V; 1 W npusenens! B npwioxennn 1. OHHM 3 BHCAT OT K HOHHYE-
CKHX NEPEMEHHBIX €;4, f;, U OT BCIIOMOT TEJbHBIX NEPEMEHHBIX P,. B 4 cTHOCTH,
V; OK 3bIB 10TCS JIMHEHHBIMU 11O Py

Vi = —paCasfip. (2.14)

T K K K IOTEHLM JI COBCEM HE COIEPXKUT CKOPOCTEH, OH HE MEHSET CBOErO BUI
IpU Mepexoe OT JI TP HXEB K I' MUJIbTOHOBY OpPM JIU3MY.
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3 TeM MbI JOJKHBI H HTH COOTBETCTBYIOILYIO I' MUIBTOHOBY (hopmy s L,
u Ly. Oro menerca T K ke, K K 1 B OTO [25]. HoBbIMM K HOHHYECKUMH
nepeMeHHBIMU OYIyT TPU Il €4, fj, M CONpSIKEHHBIE UM MMIyIbchl 7', I1°%;
MeXIy HUMH UMEIOT MecTO ciemyiomue cKooku Ily ccoH :

{£ia(2), TV (1)} = {esa(2), 7° (y)} = 0807 6(x, y), (2.15)
{fia(2),e55(y)} = {7 (), 17" (y)} = {fia (@), £u ()} =0, (2.16)
{eia(x), €0 (y)} = {7 (), 77" (y)} = {II"*(x), 117" (y)} = 0. (2.17)

Wmrysbebl MeTprdecKoro ¢bopM JIM3M  BBIp X IOTCS Yepe3 MMITYJIbChI TPU [ Clie-
OyIOIUM 00p 30M:

Hij _ i (fiaHja 4 fjaHia) , (218)
7T7;j _ i (eiaﬂ_ja 4 eja,n_ia) . (219)

Torn CKOOKHM Hy CCOH METPUYECKHUX HUMITYJIbCOB OK 3bIB IOTCA HEHYJICBBIMHU BHE
IOBEPXHOCTHU CBsI3eN

(I (@), ¥ ()} = 7 (1" M MO M P M), (2.20)
3 1., . o o o
{m (@), 7 (y)} = 7 (MM M M) a2

32[er BO3HUK IOT HOBBIC CBA3H, CHCL[I/lel/I'{eCKI/IC JId TETP AHOIO NOAXO[

| R N
MY = S Lt = 7 (£°T0, — £°11,) = 0, (2.22)
T T A o
MY = 7L elrel = I (e"*m) —e/m}) =0, (2.23)
Wiy, B Ipyroi opme,
Lap = £;,11} — £3,11% = 0, (2.24)
Lab = ejamm, — et = 0. (2.25)

KOM6I/IHI/IPOB HHBIA T MHJIBTOHHU H, p 3yME€E€TCA, COOECPXKUT U OTHU CBA3U:
Hyip=Hy+Hf = /dgcﬂ (N'F( + Nlﬂl + /_\abf/ab) +

+ / &z (NH+ N"H; + X Lay),  (2.26)
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H pany co ceazamu H, H;, H, H;, U3BECTHBIMU U3 METPUYECKOTO I' MUJIBTOHHU-

H (1.8)—(1.11). T K K K B OUTp BUT IIUH JIBE METPHKHU B3 UMOJEICTBYIOT Uepe3
MOTEHIH JI, TOJBKO AW TOH JIbHBIE Bp IIEHHS TPU I €iq, fiq OCT BISIOT I' MWJIb-
TOHH H MHB pHU HTHHIM. [I03TOMYy cuMMeTpuyuHbIe KOMOMH LUH

LYy =Law+La=0 (2.27)
CT HOBAITCH CBA3SIMU IIEPBOIO poldg , TOrA K K CBA3U
Ly=Law—La=0 (2.28)

OK 3bIB I0TCS BTOPOIO POX .
H xonen, Mpl JOJKHBI ydecTh yciaoBUS cumMeTpud (2.3). B r MUJIBTOHOBBIX
MIEpPEeMEHHBIX OHM UMEIOT CIIEAYIOINI BHA:

Ga =Dpa+ upbf]l? eé - ujpabf]l? =0, (229)
Gab = fic'Pc[a e7i)] = 0. (2.30)

Tenepb I MWIBTOHHU H 61/1Fp BUT IUH IIPUHUM €T BUI
. _ 2 2 ) _ 2 2 2 2
H=— /deN {HM (H+%v> +o (HH—%VQ) +%W} +
+ / Bz [NY(H; +Hi) + AL LE + ALy + MG + AGap) . (2.31)

B cayu e, xorn jaB TUm M Tepuu, f-M Tepus U g-M Tepus, MUHUM JIbHO B3 -
UMOJEHCTBYIOT K XI 4 CO CBOCH METPHUKOH [y, U ¢u,, UX BKJI IBI MOTYT OBITH
BKJIIOYeHbl B cBa3u H, H;, H, H;. KpoMe K HOHMYECKMX NEepeMEHHBIX I' MHIIBTO-
HU H 3 BUCHT OT JI TP HXEBbIX MHOXHTENEH /\:b, Ay AY, A ¢ yyetom yp BHe-
Huil (2.27)—(2.30) u OoT ApYrux BCIIOMOT TENIbHBIX MEepeMEeHHbIX. B phupys 1o wu,

u?, N, N, noiyd eM ciefylone yp BHEHHUS:

_ 9m2

S:H—%—?: V=0, (2.32)
_ 2m2

Si=H;+ %Vg —0, (2.33)
/ i ’ 2m?

R=R +uS+u'S; =0, r1me R:H+TW (2.34)

Ri =H; +H; =0. (2.35)

Mpbl He B pbUpyeM IO NEPEMEHHOH p,, KOTOp S BXOIUT B Bblp keHue (2.31)
HeJIMHEeWHbIM 00p 30M. Yp BHeHud (2.29) MOXHO p 3peliTh OTHOCHTENIBHO u':

ut = i (% + upaf? ejCP;bl) , (2.36)
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rae
Y294

e(e+1)
B yp BHenus (2.33) nepeMeHH 1 P, BXOAUT JIMHEWHO, TIO9TOMY UX JIETKO P 3pe-
LIATh

Pl =0 — (2.37)

Pa=—3 2 | Canl |7 (2.38)

¥Yp BHenud (2.30) 3 BUCSAT OT K HOHUYECKUX MEPEMEHHBIX eé, f;. 1 oT BcrioMor -
TEJIbHOU MepeMeHHOU p,. Ilocne uckmoueHus p, Ggp CT HOBATCS yp BHEHHSIMH
cBa3u. OHu UMeT HeHyneBble cKoOKu Ily ccon ¢ L, 1 BMecTe ¢ HUMHU 00p 3yIOT
HIECTh CBSI3€l BTOPOTO PO .

B rtetp aHOM r MUIBTOHOBOM (hopM sH3Me mMeercs 18 I p K HOHMYECKHX
nepeMenHbIX (€4, 7'%), (fiq,11°%), 7 cBaseii nepsoro pon R', Ry, L, op ¥ 8 cBi-
3eif Broporo pon S, Q, L, Gap. P 3ymeercs, noacyer g et 7 rp BUT LUOHHBIX
crereHeil cBoOompl. Bcmomor TesbHbIE MMEpeMEeHHBIE P, OMPEAeNIIOTCS U3 yp B-
HeHuit S; = 0, KOTOpbIe JIMHEHHbI OTHOCHUTENIBHO P,. llepeMeHHbIe u' H Xomarcs
u3 yp BHenuil G, = 0, muueitnpix mo u’. TlocsenHss BCIOMOT TejlbH s TepeMeH-
H 9 u MOXeT OBbITh ONpenesicH U3 yp BHEHHS

Q=0= /deN R} +u{Q,8}), (2.39)

KOTOpOE T KX€ SIBIISIETCS JIMHEHHBIM 110 U.
B H mem u3noxeHUH MBI CIAeIOB U CT ThaM [14,15]. [pyrue Tp KTOBKH
MOXHO H UTH B p 60T X [16,26,27].

3. MUHHU-CYIIEPIIPOCTPAHCTBO

OO6p THMCS K KOCMOJIOTHYECKOH 3 JI ue, T.€. p CCMOTPUM I' MHJIbTOHOBY 9BO-
JIIOUMIO OJHOPOAHOW M W30TpPOIHON Bcenennoii B teopun Ourp But uuu. g
Kp TKOCTH M HPOCTOTHI M3MIOXEHHUS OTP HUYUMCS CIIyd eM IUIOCKOTO MpOCTp H-

B . B OCHOBHOM MBI yzielMM BHUM HUE TeopuH ¢ noreHuu Jiom aPIT [2,3].
I' MUIbTOHU H OUTP BHUT LIUMM SIBISIETCS CYMMOM KMHETHYECKUX M MOTEHLH-
JIbHBIX TP BUT LIMOHHBIX WIEHOB, OOp 30B HHBIX JBYMS METPUK MH G, H fuu,
IUTIOC OJMH WM AB BKJI A M TEepUH.
[pumem msa obenx mMetpuk =3 11 @punm H —Pobeprcon —Yokep

fuv = (=N?(t),0°(t)635), V—f=Nu?, 3.1)
g = (—N?(0)u?(1), 6% (t)6i5), /=g = Nu&®, (3.2)

¥ BBEJIEM HOBYIO [IEPEMEHHYIO 1" = w/E.
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3.1. I'p BUT LMOHHBIE NOTEHUM JbHbIE WieHbl. [[Jid NPUHATOrO BbIIIE BUI
MeTpudeckux TeH3opos (3.1), (3.2) nonyu em

g f = g" fo,, = diag (u*Q, T25ij). 3.3)
IIpennon r em, uro
N>0, u>0, £€>0, w>0. (3.4)

[Tpu BBIMMCIIEHUH M TPUYHOTO KB AP THOTO KOPHS U3 MOIOXHUTEIBHOM IM TOH JIb-
HOU M TpHLbI (3.3) OyneM p ccM TpUB Th TOJIBKO OAMH (TIOJIOXHUTEIbHbII) KOPEHb
U3 K XKIOTO MOJOXUTEIBbHOIO BBIP XKEHUI"

X = /g 1] = diag (+\/u—2, +\/r_2<sij) = diag (u”',70;),  (3.5)
nu CO6CTB€HH])IC 3H YCHUI M TpI/lI_lI)l OnpeﬂeﬂHIOTCﬂ yp BHECHHUEM
det (X — AT) = 0. (3.6)

JIerko BUAETH, UTO
/\1 = u_l, )\2 = /\3 = /\4 =T, (37)

u HOJIle eM CI/IMMeTpI/l‘{Hble IIOJINMHOMBI
eg =1, (3.8)
1
812)\1+)\2+)\3+)\4=E+3T, (3.9)

3
€2 = M A2+ A A3+ A1 g + Aods + Aoy + A3y = E?“ + 37“2, (3.10)

2
e3 = A1 A2A3 + XAz Ay + A A3 + A Aoy = 3% + ’I“3, (3.11)

’I“3
€eq = )\1)\2)\3)\4 = E (312)

TTorenuu 1 oPI'T gsnsgercd MuHEHHOW KOMOMH IHEN ®THUX IOJMHOMOB M OK 3blI-
B €TCS JIMHEMHOHN (PyHKIMEH NepeMeHHON u:

4 4
U=+v=9Y Bie;=Nu®> Bie; = NuV + W), (3.13)

i=0 =0

*B /1 HHOM CJIyd € IOTEHLH JI CYLUECTBEHHO HE W3MEHHTCS, €CIIH MBI M3MEHUM 3H KM Ul 4 CTH
COOCTBEHHBIX 3H YEHHIA.
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rae
V = Bo&® + 3818%w + 3B2€w? + Baw® = E3By(r), (3.14)
W = B1€% + 3B28%w + 3036w? + Baw® = 3By (r), (3.15)
Bi(r) = Bi + 3Bisar + 3Bipar® + Biyar®. (3.16)

3.2. I'p BUT LMOHHBIE KMHETHYECKUE WieHbl. H YuH S C rp BUT IIMOHHOTO
arp HXu H [wipbepr —DUHINTEHH Ui NPOCTP HCTBEHHO-BPEMEHHON METPHUKH

gp,u
1
Lg = @\/—QQ“”RW (3.17)

nu I/ICHOJII:Byﬂ KOCMOJIOI“I/I‘{GCKI/Iﬁ H3 II
G = (=N?(t),a(t)dy5), (3.18)

MOMy4 eM (C TOYHOCTBIO [0 MOJHOM HMPOU3BOIHON MO BPEMEHN)

Lg=1g=—

3 0o\ 2 3
6a’N <i> _ 6N e (3.19)
kg \Na Kg

rne H — mocrossHH 1 X 007 .
OrmpeieiuM UMITYJIbC, K HOHHYECKH COMPSIKEHHBIH a:

0Lq 12a . B 12a2

KRGTq
Mg =—Fr =——F—0 = H, H=-
¢ 0a Nkg kg 1202’

{a,m} =1. (3.20)

V106HO HCIOIBb30B Th MepeMeHHyi0 H BMECTO Ty, TOTI HMEEM HeK HOHHYECKYIO
ckoOky Ily ccoH :

__ kg
{a, H} = — 575 (3.21)

B 6I/IFp BUT LMW KUHECTUYECK g 9 CThb I' MUWIBTOHU H IIPUHUM €T BUJ

6<,u?’NH2 _ 6§3NUH2.

Hei, =7 +7T, = — 3.22
k rtig Ry o kg (3.22)

BT 9 CThb l'lOpO)K}l €T KMHEM THYECKHEC I' MUJIBTOHOBBI yp BHECHUA
W ={w,Hyin} = NwHy, €= {& Hun} = NuéH,, (3.23)

9KBUB JIEHTHbIE ONPENENIEHHIO IBYX NOCTOSAHHBIX X 601 Hy, H,. Jlerko BbiBeCcTH
yp BHEHHE DBOJIOLMH I OTHOIIEHHUS M cLIT OHBIX ¢ KTOPOB 7'

i = Nr(H; — uH,). (3.24)
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3.3.Bkan apim Tepum. 3.3.1. Ck znaproe none. K K mpumep M TepuH BO3bMEM
CK JISIpHOE I10JIe, MHHHM JIbHO B3 MMOJEHCTBYIOIEE C METPUKON

1
Ly=V-G (—59“%,,@,” - U(¢)> . (3.25)
rie G, — COOTBETCTBYIOLI S METPUK , BUI KOTOpoil I H yp BHeHueM (3.18)

(Huxe GyoyT p CCMOTPEHBI D 3HbIE CIyd U), e ¢, = 0¢/0x!. B onHOponHOi
KOCMOJIOTUH MBI TIPEIION T eM, 4T0 ¢ = ¢(t) u

Ly =Tsl¢] —Up, Hy = Tylmo] + Usy. (3.26)

CK IpHbIe OIS MPECT BIIOT 0COOBI MHTEpeC MPU M3yIeHUH HH(IAIHOHHOTO
cueH pus B Ourp BuT nuu [28,29]. Eciu BBedeHHOE I0jie M TEPUU B3 UMOICH-
CTBYeT TONBKO C OJHOH MeTpuKoil G,,, TO MMEET MECTO MPOCT S CBA3b MEXIY
CKOPOCTBIO W UMITYJIBCOM:

a3¢? 0T, a*

— ¢, o= %%. (3.27)

%:W’ e = 9 N

IIpu p ccMoTpeHHU M TepUM K K W€ JIBHOU XUAKOCTU €€ IUIOTHOCTb p U JI Blle-
HHE P ONpPENeNIIoTCsS COmT CHO (hopMyTT M

™3 wg
P:2—a6+u(¢)7 P:ﬁ—u(¢)~ (3.28)
Torn
Hy =Na*p, Ly =Ndp. (3.29)

B 1 nbHeimeM MbI T KX€ p CCMOTPHM CIyd I, KOTJ CK JIIPHOE IIOJe OJHOBpE-
MEHHO B3 UMOJEHCTBYET C METPUK MU ¢y, U fy,,. Torg

G | Wi 97y (53 3> ¢ . Nm
Ty = 55 , Te=——= =T+ ) =, o=m——, (330
2N 2N o6 \u N S
u
U, CJIeAOB TEJIbHO,
Nn?
1y = I <, Uy =N (ug® + P\ U, (3.31)
2 (— + w3>
u
71'2
Hy = N(ué® +w?) & i +U(9) | . (3.32)
2 (— + w3> (u€3 + w?)
u

3necy H aBneTca HEMHEHHOH (hyHKLMER OT u.
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3.3.2. Hoe nvH A kuokocms. P 3Mu4us B ONMC HUM M TEpUM K K JUH MH-
YECKOro IOl M K K UIE JbHOM XHMAKOCTH CT HOBATCH CYILECTBEHHBIMHU IIPH
P CCMOTpPEHHH BTOPOW BETBUM I B3 UMOAEHCTBHS M Tepuu C 3(h(eKTHBHOM
MeTpHuKOii. [loaToMy MBI 37€Ch H IIOMHUM I MHJIBTOHOBY CTPYKTYpY THIpPOIM-
H muku s OTO. B 2ilyiepoBbIX MEpeMEeHHBIX Iepexol OT J Ip HXeB ¢op-
M JM3M K I MWIBTOHOBY TpeOyeT HCIONb30B HUSI HepeMeHHbix Kiebur , mo-
3TOMY H YHEM HEIOCPEACTBEHHO ¢ I' MUIbTOHOB onuc Hug [30,31]. IInoTHOCTH
I MWIBTOHH H

Vibp (3.33)
BKJIOY €T B CC6H BKJI bl 3Hepmn ITOKO4
Vo =6, (3.34)
BHYTPEHHEW 9HEPIUU
Ge(o,m) (3.35)

U KMHETHYECKOM OHEPIrUr XKUAKOCTHU

AL M
%, (3.36)
e ¥;; = gwef e; — UWHAYUUPOB HH I H TPOCTP HCTBEHHOH THIEpPIOBEPX-
HOCTH METpHK ; 1" — 00p TH S K Heil M Tpull ; p — OOBEMH 5 IUIOTHOCTb
SHEPTUM XUAKOCTH, 0 — OOBEMH 5 IUIOTHOCTh M CChl; 6 — KOOPAMH TH o
IUIOTHOCTh M CChl; € — M CCOB 1 IUIOTHOCTh BHYTPEHHEH SHEpruu; 1 — 00b-
eMH ¢ IUIOTHOCTb dHTponuu; M; — MI0oTHOCTh umiyibe . [lepemennsie M;, &,

7) UIMEIOT HyJeBble cKOOKHU [ly cCOH ¢ Ip BUT IIMOHHBIMH TepeMeHHbIMH. Heny-
neBble ckKoOKH [ly CCOH MeXmy BBIIIEYK 3 HHBIMH IIEPEeMEHHBIMH UMEIOT CIIeHy-
OIIUN BU:

{M;(x), M;(y)} = Mi(y)d,;(y, x) — M;(2)é,:(z,y), (3.37)
{&(m), Mi (y)} = a-(y)(s,i(yv l‘), (338)
{n(x), Mi(y)} = —n.:6(z,y). (3.39)

Mbi GyneM p CCM TPHUB Th TOJIBKO COITYTCTBYIOIHE CUCTEMBI OTCYET , ITODTOMY
Bcrofty npuanM eM M; = 0. IlpunuMm g Bo BHMM Hue yp BHeHue (3.18), nmeem

Yij = a?6;5, 9 = a"26;, Vi = d?,

6 =d’o, p=oc(l+¢e(o,n) = 13 (1 +e (%")) . (3.40)
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He3 Bucumo or BUA TP BUT HUOHHOIO I' MUWJIBTOHHU H [JId XHUAKOCTH IIOJIY4Y €M
I' MWIbTOHOBBI YP BHCHUA NABUXKCHUA

&= {6,H} =0 < 6 = —3—%7 (3.41)
a

= o Hy = (14et0l) =200 p) (3.43)

p={pH} =0 (1+e+too—)=-"(p+p), :

Oe
rae MbI BOCIIOJIB30B JIUCh TCpMO[[I/lH MUYECCKUM COOTHOLICHUEM P = 0'28_. P 3y'
o

MEETCA, BbIp XKCHUEC IJId a 6y)leT 3 BUCETb OT I'P BUT LHMOHHOTO I' MWJIBTOHH H .
H KkoHell, MOCKONBKY INIOTHOCTh DHTPOIMWH 1) SBJISETCS KOHCT HTOH, OyneMm cuu-
T Tb, 4T0 € = £(0) U p = p(p).

3.4. Conk coorBercrByommx gopmyn OTO.

1

Ly = H—g\/—_g(gWRW —20) + Ly (% gu), Ky =167G,  (3.44)
1
£¢ = \/—_g (_§QMV¢,M¢,V - M(¢)> 5 (3.45)

1 2
R — Sg"(R—24) = 2T, T = Ou (3.46)

T V909,
g = (=N?(t),E(t)0i5), V—g9=N&, ¢=09(). (3.47)

SN 2 : 9
c,—net (-8 (i) “on |, H =S, =g (as)

kg \ NE Ne' Ky
i\ 2 3
c,=ne |1 <%> ()|, =0 (3.49)
> 1({¢ ’ >
p= G U0 =5 (N) U@ p=G U0, (50
H= N¢ <—ng2 +o+ %) {g,Hg}:—ézQ. (3.51)

. 2
6H? 2A 8rG A
_R_g+p+ﬁ_:oﬁ<i> :”_p+§. (3.52)
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£ = N¢H,, (3.53)
. Nekg _
Hy=——=(p+p) =—4nGN(p+p), (3.54)
p= —3§(p + p). (3.55)

Ecimu u3BectHsl A U yp BHEHHE COCTOSHUS M Tepud p = p(p), TO H 9 JIbHbBIE
YCJI0BUA MOTYT OBITh IPOW3BONBHO 3 1 Hbl JId p wid and Hy. ®@ynkuma N
SIBJISIETCS] TIPOU3BOJIBHOM B COIVI CHM C IIPOU3BOJIOM B BBIOOpE I1 p METP BpEMEHH.

4. BUIAbI B3AUMOIEVNCTBUS C MATEPHUEN

4.1. f-m Tepus m g-m Tepusa. IlepBbie p GOTHI [0 KOCMOJIOTUM OUTP BHT -
mun [32-35] mosBUIHCH Cp 3y BCeA 3 IOK 3 TenbCTBOM X ¢ H u Pozen [4],
yto Ourp BUT ums ¢ noreHun jom OPIT sBnstercs cBobogHoi oT ayxos. s npu-
MEHEeHHUS! TEOpUH K NpobieMe TEMHOW ®HEepPruu JOCT TOYHO BBECTH OfHY TOJIBKO
g-M TepHIO, HO eclid 0OCyXJ erTcsl T KxXe HpoOjieM TEeMHO M Tepuu, TO UMeeT
CMBICTT IOIYCTHUTD U cyiiecTBoB Hue f-mM Tepuu [36,37].

Ecnu cymectByer a8 Buj M Tepuu: f-M Tepus u g-M Tepus, U K XI 5 U3
HUX MUHHM JIBHO B3 UMONEHCTBYET C f,, U C g, COOTBETCTBEHHO, TO

H= Hpot + Hkin + Hmatter7 (41)
e

2m?

Hpor = TN(UV + W), 4.2)
1 1

Hyin = —N (—6w’H7) + —Nu (—6°H 43
o= N (6P - LN (6O @
Hunatter = Nw?py + Nu&’p,. (4.4)

F MUJIIBTOHU H MOXKET 6I)lTb T KXE Hpe[lCT BJICH B BUJIC
H=NR=NR + NuS, (4.5)

r€e MEPBUYHBIMU CBA3IMU sBiisiiorcd R = R/ +uS u S, wim, nyuwe, R’ u S:
/ 6 5.0 3 2m? 3
R :—K—fw Hi +w pf+T§ Bi(r) =0, (4.6)

6 2m?
S= —K—f?’H; + &%y + 75330(7«) =0. (4.7)
g
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Il cK JSIpHBIX MOJIel uMeeM

2

pr= 2w6 &+ U (D), (4.8)
po = 252 + Uy (4). (49)

Css13u (4.6), (4.7) MoryT OBITH 3 IHC HBI K K I p yp BHeHWA PpunM H :

o _kp Ay _ 2 Bilr)

Hi = T3 Ay =m - (4.10)
K A

Hg:—69p9+?g7 Ag—m —Bo( ) 4.11)

Mpsi BumuM, 4To B npotuBonosnoxHocth OTO (3.52) kKocMosioruueckue 4aeHbl
B OUIp BUT LIMU BO3HHUK IOT €CTECTBEHHBIM OOp 30M; OHHU SIBJISIFOTCSI HE MOCTOSIH-
HBIMH, JUH MHYECKHMH BEIHMYMH MU. [ MUJTBTOHOBBI yp BHEHHUS MOJEH M TepHU
I 10T H M I py 3 KOHOB COXp HEHHS

P +3g(pf +pp) =0, (4.12)
pg+3§([)g +pg) = 0. (4.13)

BTOpI/I‘IH s CBA3b HNOABIEIETCA I COXP HEHUA HepBH‘lHOfI CBA3U IIPpU 3BO-
JIIOLUH .
S={S,H} = N{S,R'} = NQ =0, (4.14)

rac

m

Q={S,R} = GK (wHy — EHy) (8162 4 2B2bw + B3w?) = 0. (4.15)

T K K K BTOPHYH $ CBs3b () KTOPU30B H
Q =010, (4.16)
ee pelieHus p CI J I0Tcd H [IBE BETBH:

0, =0 H, = rH; 4.17)

Oy =0 B1 + 20891 + f3r? = 0. (4.18)

Huxe Oynem p ccM TpuB Th 00 CITyY 4.
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IepemenH s u onpenessercs U3 CIAedyIero TpeboB HUs:

O ={Q,H} = N({Q R} +u{Q,8}) =0 (4.19)
3pech UMEIOT MeCTO B CIIyY
{9, R _ {9y, R}
{th} Wi u = (0.5) (4.20)

st ByX m p MeTpoB X OO MOMYyd €M JB JUH MHYECKUX Yp BHeHHUs [ Mujib-
TOH

OH
Hy={Hp H} = {Hf’“}a_w’ (4.21)
. OH
Hg = {H97H} = {Hg7€}a_£7 (422)

KOTOpbIE TMOSIBISIOTCS B CIEAyIOUIeM SBHOM Bujae (C y4eToM yp BHeHHiH (4.6),

4.7)):

: NK/ 2m Dl( )
. Nuk 2m? D1(r)
Hy = ——— — (1 —ur) =— 4.24
g 4 {Pg + Py ( ur) o w } ) ( )
e
Di(r) = B; 4 2Bi417 + Biyor?. (4.25)

4.1.1. M ccuén a ep eum yua H ¢poHe npocmp Hcme Munkosckoeo. Eciu
HPEeIToNOXHTb, YTO f,,, — HEIWH MHYECK S METPUK MHHKOBCKOIO

1
N=1 w=1, T:E, (4.26)

U, P 3yMEETcs, UCKJIIOYUTh f-M Tepuio

TO IIpUAEM K TEOpHUU M CCUBHOU I'p BUT LUU

2
H=us+ 20w, (428)
6 2m? 1
s=¢ ——H; + pg + TBO <E>:| =0, (4.29)
12
Q- _L2m? o (B1€% + 2828 + B3) = 0. (4.30)

W3 mocrmeaHero yp BHEHHs CJIEAYET, YTO HECT THYECKHE OJXHOPOIHBIE M H30TPOII-
HbIe MPOCTP HCTBEHHO-TUIOCKHE PEIIEHUs 31eCh OTCYTCTBYIOT. DTOT PE3yiIbT T
6buT TIONTy4eH B p 6ot x [38,39].
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4.1.2. Ilepé a 6emev 6uep eum yuu. W3 yp BHenusi (4.17) cnenyer cBsi3b
MEXIy IBYMSl TOCTOSHHBIMH X OON , W, IpUHUM S B p cueT yp BHeHuWs Ppua-
M H (4.10), (4.11), MOXHO BBIBECTU yp BHEHHUE, CBS3bIB IOILEE JIBE IUIOTHOCTH
M Tepuu

Hy=r""H,, (4.31)
2om2 [ Bi(r
pg = Hrpy+ = [u—lr( ) _ Bo(r)} ; (4.32)
rae o
=L (4.33)
Kg

ITepBoe u3 yp BHenwmii (4.20) 1 et

. 2m?
urd(pr + 3py) + — (w(By — 3rD3) + 3r2Dy)

u = Dy (4.34)
m
r|r(pg + 3pg) + - (r(Bo — 3Dg) + 3uuD1)
¥Yp Buenue (3.24) npuHUM €T BUAI
= (1-ru)NHg, (4.35)
U (PUKCUPOB HH § TOYK MJIsl 7 MOSBJISETCS NpU
1
r=—. (4.36)
U

On COOTBETCTBYCT IPOIMIOPHUOH JIbHBIM IIPOCTP HCTBEHHO-BPEMEHHBIM METPUK M

_ 2
S =17Gpu-
B o6riieM ciyu e Juis BeIp XeHus 1 — ur nojiayd ercs opmyi

4m? B
(pg +3pg) = ur(ps +3ps) + —— (% - Bo)

S[LDl
r

1—ur= 5 4.37)

2m
(ﬂg + 3p9) + T (Bo — 3Dy +

YT0GBI PEIIMTH CUCTEMY I' MHJIBTOHOBBIX YP BHEHHIT, MOXHO B3STh B K YECTBE
H 9 JIBHBIX X HHBIX pg(to) u Hy(to). Torn cBsa3p S
K A
2 _ Ky Ay
Hy="graty
nospoisieT H dru Ag(to), 3 teM r(tg) = ro MOXeT OBITh H HICHO K K OJMH U3
KOpHeil KyOH4ecKoro yp BHEHH

(4.38)

Bo(ro) = elto) & 439)

5 .
m? Ky
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Tory cBasb Q4

Hy=r""H, (4.40)
meruwm Hy Ceizp R
K A kg B1(r)
H2 — _f —f A = 2—9 4.41
f 6 pf + 3 ) f ,um K 7’3 ( )

x et pr. C yderom yp Buenus (4.37) u yp BHEHHH COCTOSHUS Py = Pg(pg),
pf = ps(pf) MOXHO IIPOMHTEIPUPOB Th IMH MHYECKHE YP BHEHH

7= (1—ru)NH,,
pg = —3NuHy(pg + pg),
pr=—3NHy(ps +py),

Hy == [u(py + ) — (1= wn) 2Dy

4
D NK,f 2m2 Dl(’l“)

rme N(t) ecTp HIPOM3BOJBH I MOHOTOHH s (DYHKUHMS, OTBEY IOII S 3 CBOOOMY
per p MeTpu3 LU BpEeMEHH.

Kpome obmero cimyd s, korm 1 — ur g HO yp BHeHHeM (4.37), MOXHO p c-
CMOTpeTh CJIy4 i, Korg o0 THI M TEpHUHM HMMEIOT OJHO M TO Xe yp BHEHHE
COCTOSIHUS

Pg = Wpg, Pr=wpy, 4.42)

Torx yp BHeHue (4.37) ynpour ercs M BBIIVISAUT CJSIYIOIIHM 00p 30M:

() (%)
" . (4.43)

3uD K
Bo—3Do+ M ! —|——2(1+3’LU)pg

2m

1—ur=

4.1.3. Bmop a eéemev buep eéum yuu. Bo BTOpOoM ciiyd e (4.18) 3H yeHue
MepeMEHHOMU T SIBIIIETCS KOHCT HTOM:

—Bo /3 — 5153.

Di(r) =1+ 2Bor + f3r? =0 1 = 5 (4.44)
3
Torn w3 KuHeM TUYeckoro yciosus (3.24) cnenyer
H
uw="=L, (4.45)

H,
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ITocnennee yp BHeHHME He SIBISETCS CBSA3bI0, B IPOTHUBOMOJIOXHOCTh yp BHE-
Huto (4.31), cnenos tenbHO, yp BHeHud @Ppunm H (4.10), (4.11) u, coorser-
CTBEHHO, IMH MHK [UIi METPHK ¢y, fuw HE 3 BHCAT APYr OT Apyr . duH MHK
IBYX METPHUK SIBIIseTCd TOH Xke, uTo M B OTO ¢ KOCMONIOTHYeCKUMHU MTOCTOSTHHBIMH

B
Ay = m2%30(r), A= ,mﬁﬁ%. (4.46)
¥Yp BHenus (4.23), (4.24) npyuHUM 10T BUJ
. Nk
Hy == (or +91), (447)
. Nuk
Hy=-— L (pg + pg) (4.48)

u cosm 1 10T ¢ yp BHeHHaMu OTO (3.54). Ecnu Mb1, H npuMep, moMecTiM cebs
B g-MHp, TO €JUHCTBEHHBIM pTet KToM Ourp BUT num Oyger (UKCHpOB HHOE
3H yeHne Ag.

[Monuelit H GOp yp BHEHHII COCTOUT U3 JIreOp MYECKUX yp BHEHHId

—Bo /33 — P13

r= W (4.49)
H? = % pg + % (4.50)
H?:%pf—&—%, (4.51)
H

u= H—;” (4.52)

U JUH MHUYECKUX Yyp BHEHUM
Hg = _NZHQ (pg +1g) s (4.53)
Hy =" (g 4pp). (4.54)
i e e e S E

4.2. g-m Tepus 0e3 f-m Tepum. s noydeHUsT HETPUBH JIBHBIX PE3YJIbT TOB
B KOCMOJIOTUY OMIp BUT 1MW, HE BCTYII S IIPU BTOM B IIPOTUBOPEYHE C ]I HHBIMHU
H OJIIOIEHHH, JOCT TOYHO P CCMOTPETb Cyd U, Korg f-M Tepus OTCYTCTBYET, UTO
6bUTO BHepBBie ciel HO B p 60T x [32-34]. B oOmeMm ciayd e pelieHde AOMyc-
K €T ®BOJIIOLMIO, H YMH IOIIyIocs co BceneHHOH, B KOTOPOW JOMHUHHMPYET M Te-
pHd, U p 3BUB IOLIYIOCS B H NP BJIEHHM AECUTTEPOBCKOM I'€OMETPUH B IMO3AHUE
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BpeMeH . [I0CKONBKY B TEOpHH MPUCYTCTBYET JOCT TOYHO MHOIO I p MeTpoB: [,
i=0,...,4, ¥ Ky, BOBMOXHbIE CLIEH DPHU CYIIECTBEHHO P 3/IMY I0TCH, BKJIIOY 5 B
ce0st nuKIM4ecKyio BeenenHyo 6€3 KOCMOTOrn4ecKoi CHHIYIIpHOCTH. [ e Ti -
TEJIBHBIN CT THCTMYECKUI H JIN3, MPEICT BJICHHBIH, H MpHUMep, B cT The [35], He
HI03BOJISIET 3 (PUKCHPOB Th 3H YEHHUS CBOOOIHBIX I P METPOB.

Mpennonoxum, uto ps = 0 = py. DTOT ciyd i obcyxn jicad H ubosee 4 CTo.
ITockomnpKy mond M TepuM He MOABNA0TCA B yp BHeHMU (4.15) juid BTOpHYHOI
CBsI3U (), IMEIOT MECTO Te Xe JIBe BETBH PEIUCHUIA, YTO M B IPEABIIyIIEeM MyHKTe:

O =wH; — €H, =0, (4.56)
Qo = (162 + 260€w + f3w? = 0. (4.57)

BTOp s BETBb HE I €T HU4YEro HOBOI'O, IIO9TOMY P CCMOTPUM TOJIBKO IIEPBYIO BETBb.
HyCTI) WA IPpOCTOTBI K = Kg, TOIl CBA3W W JUH MHUYCCKHC yp BHCHM: IIPHUHU-
M IOT BUJ

2m? By(r
py = 2 (u—lr( ) _ Bo(r)) , (4.58)
g
m? By (r
H} = u?#7 (4.59)
. N 9
H, = T [—urfg(pg +pg) +2m° (1 — ur) Dl(r)} , (4.60)
. N D
Hy = =S pm?(1 = ur) ;g’“), (4.61)
m? B
(pg + 3pg) + T (% - BO)
1—ur= 5 g 5D (4.62)
(pg +3pg) + —— (BO —3Dy+ £ 1)
Kg T

31ech MBI HE MOXKEM IIPOU3BOJILHO 3 I Th M pg, U [y K K H 4 JIbHBIE I HHbIE. Mo-
KeT ObITh BHIOD H TOJBKO OOH W3 DTHX BEJIMYMH, I0CJIE Y4ero TpedyeTcs: peluTh
yp BHEHHE TPeTheill WIN YeTBEPTOH CTENEeHH OTHOCUTENbHO 7. Bce mepeMeHHsbIe,
Kpome [N, MOTyT OBITh BBIp XEHBI B BHje (DYHKUUH OT 7, JAWH MUK 1 3 JI €Tcd
CIIEAYIOIUM yp BHEHHEM:

7= (1—-ru)NHg, (4.63)

rae N(t) — npou3BONBH 51 MOHOTOHH sI (DYHKLIHSL.
Jlig yp BHEHUS COCTOSHHUSA Py = Wpg MOIYY €M

(14 w) (”TBl —Bo>

1 pB1 1%
(§+w> T—(1+w)Bo+(r+;)D1

1—ur= , (4.64)
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TOrg HAWH MHWYCCKUE Yp BHEHHA IPHUHUM IOT BUI

(1+w) (“TBl —BO) LB

PN & L (4.65)
1
(§ +w> T—(1+w)Bo+ (r—&-;) D,
B
. o (1w (% - B0> (By — 3rDs)
i, =-NE (4.66)

6r2 (1 uBy L ’
<—+w) T—(1+w)B0+ (T_2+1) rDy

43. OgH M Tepusa MHHUM JIbHO B3 MMOJEHCTBYeT C IBYMS METPHK M.
P ccMoTpuM cK JISIpHOE [0j1e, MUHUM JIbHO B3 UMOJEHCTBYMOIEe ¢ 0OEUMHU Me-
Tpuk Mu [40-43] f., 1 guu:

Lo = VT (=500 ~0)) + V77 (~ 590,08, ~U(G)) . (T

B 0HOPOXHOI KOCMOJIOTHM HPEIIIoN I ercs, uTo ¢ = ¢(t) u

2
iy
Hynatter = Hg = NEp, — % 4 (uHrUB).  (4.68)

p= 1
2¢6 (— + 7‘3>
u
TOFZ[ I MWIBTOHHU H UMEECT BU]
H= Hpot + Hyin + Hmatter = NR7 (4.69)

U yp BHEHUS HEPBUYHBIX CBS3EH

r3H? H? 292
R=¢ [—6 ( Ly “—9> + p(u) + 72 (B (r) + uBo(r) | =0,
I<Lf Iﬂig K

(4.70)

_0OR 6 3 , m2

rae a

oy — 2P

plu)=. (4.71)

HO Teniepb U R U S HEJIMHEHHO 3 BHCAT OT BCIIOMOT TENBHOM HepeMeHHOU u. Mbl
JOJIKHBI pell Tb yp BHeHHE S = () OTHOCUTEJNIBHO ¥ M 3 TEM IOACT BIIATbH Pe3ylib-
T T B yp BHeHue it R. T kum o6p 30M, ®T MOIEIb CONEPXKUT TOJBKO OJHY
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cB3b (nepsoro pox ) R = 0, OTBeY IOIIYI0 HHB PU HTHOCTU OTHOCHUTENIBHO Iepe-
I p METPHU3 LM BPEMEHH, ITO3TOMY 3T MOJEb He CBOOOOH OT ayx bByme p —
Hesep , K K U Mopenb, KOTOp 51 OymeT p ccMOTpeH B p 34.5. 3pmech MOXHO
MIPOM3BOJIBHO 3 A B Th OOJIBIIE H Y JIBHBIX [ HHBIX, YeM B MPEABIIYIINX MYHKT X,
H IpUMep, MOXHO 3 1 Tb p, Hy u Hy.

4.4. M Ttepus, MUHUM JIBHO B3 MMOJEHCTBYIOII 4 ¢ 3¢ (eKTUBHOI MeTpH-
Koii. HoBblif B pi HT B3 UMONEWCTBHSA MEXHy M Tepheill u OuUrp BUT LUeH MO-
ABJII€TC NIPU BBeleHNH 3(h(PeKTUBHON MeTpuKU. Eciu He orp HUYMB ThCS MHHU-
CYHepIpoCTp HCTBOM, TO B3 UMofeicTBHe ¢ 3(PeKTUBHOU METPUKOH BElIET K BO3-
Bp ULIEHHUIO JyX , K K ObUIO MOK 3 HO B p 6ot x [15,43-46]. Tem He MeHee
yTBepXKI ercs [43,44], 4yTO cylecTBYeT UHTEPECH s 00JI CTh NPUMEHEHHs T KOro
B3 MUMOJICUCTBUS H M CIIT O X ®Hepruil Huxe obpe3 Husa. B p 6ore [47] yrBep-
I JIOCh, YTO MOXKHO M30 BHUTBCS OT AyX B TETp AHOM (hOpPM JIM3Me, KOTOPBII He
9KBUB JICHTEH METPUYECKOMY. 3 TeM 3TO yTBepxXIeHne ObU10 ocriopeHo [48].

BriepBeie H M3 KOCMOJIOTMM OMrp BUT MM H OCHOBE 3TOH Mojenu Obil
I H B CT Tbe [49]. DeKTUBH 1 METPUK CTPOUTCS O hopMylie

gp,y = Oé29;w + 20{69;/,04)(3 + ﬁpr,m (4.72)

re o U [ — NpOu3BOJIbHbIE KOHCT HTBI. H $3bIKe TETp A T KOe MOCTpOeHHe
BO3HHMK €T M3 JIMHEHHOW KOMOWH LIMM JIBYX TETp 1

aEj + BF} (4.73)

T K 4 BO3MOXHOCTb JUISl CIIELIM JIBHOTO CIIyd s v = (J BHEpBble ObUI  yIOMSIHYT
B p 60te [26]. B MuHHU-CymeprnpocTp HCTBE KOMIOHEHTHI 3(p()eKTUBHONH METPUKHU
OygeM 0003H Y Th CJCHYIOIIMM O0p 30M:

Goo = —N?,  Goi =0, Gij = 02517’ = ij, (4.74)

e
N =N(au+p0), a=af+fw. 4.75)

HmeroT mecTo cJIeAyrmue CT HA PTHbBIE COOTHOLICHMS:

VG=NVb i=d, (4.76)

rae
g = det (gw,), ’L/J = det ('I/J”) “4.77)
[epBudHbIe CBS3U OYOYT CIIEAYIOIINMHU:
6¢° (m) 3p
S=-— KH + oH + 5 o(r) =0, (4.78)
g
6

R = — :;Hf +pRm 4 Em 5331() 0, (4.79)
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e Npearnos I' eTcd, YTO K HOHMYECKHUe IepeMEHHbIE (¢, 7T¢), OIIMCBHIB IOIIUE CK -
JIAPHOE II0JI€, 3 BUCAT TOJIBKO OT BPEMEHHOW IEPEMEHHOM, M, CJIEN0B TENBHO,

2
~ ™
H = ﬁ + d*U(). (4.80)

Beengem 0003H 4eHHe JJIA TUIOTHOCTH SHEPIUU M TEPUHA

o )
R T
a3  2ab

p= +U(P). (4.81)

I' MUJIBTOHU H B MUHH-CYNEPIPOCTP HCTBE OyIeT MMETh BHJ
H=NR +uS), (4.82)

HeHyneBble ckoOku Iy ccoH Oymyr cremyroummmu:

(GH) = —pb e H)=-plh foml=1 @8y

VYno6uo nepenuc Th yp BHeHus (4.78), (4.79) uH ue:

. om?
S=¢3 {_KEHQ? +ala+Br)p+ %Bo(r)} —0, (4.84)
g
2
R =’ [—EHﬁ + Doy pryrp 4 2 1D } =0. (4.85)
K}f T K T

IMoTpeGoB B coxp HeHHs p BeHCTB S = () B XOJie BOJIOLUH, [IOJTy9UM BTOPUYHYIO
CBSI3b

S={S,H} =NQ — Q=0, (4.86)
rge ) UMeer BUI
6m? K
N={S.R'} = — (wHy — £H,) ([3152 + 2696w + faw? — Waﬂazp) ,
4.87)
U BBeleM 0003H YeHHE IS [ BICHUS
oy 4.88
P=355" (¢). (4.88)
ITocne BbrluMCIIEHUS
{Q,8}=A#0 (4.89)

yoexn emcs, 4yTo 2 1 S SBISAIOTCS CBSI35IMH BTOPOro pojt . MOXHO BBECTH CKOOKH

Hup x
{Fa Q}{Sv G} — {FaS}{Qv G}
A

{F,G}p ={F,G} — (4.90)
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M p ccM TpuB Th R’ K K CBsI3b 11EPBOrO pOJ . PelylpoB HHbIA I' MHJIBTOHU H U
Yp BHEHUS JIBHXXEHHS TOTH OymyT BBIIISAETb T K:

Hreduced = NR/7 F = {F7 Hreduced}D- (491)

DKBUB JIEHTHBIM OOp 30M MOXHO BBIBECTH I' MUJITOHOBBI Yp BHEHHUs, IOJIb3YSCh
ckoOk Mmu Ily ccoH , ecnam mocie MX BBIYHCICHHUS IOACT BUTh BMECTO NEpEeMEH-
HOHW v BBIP XE€HME, H WIEHHOE W3 Yp BHEHHUS

Q={0H}=N{Q R} +u{Q,8}) =0, (4.92)

1
=IO R, 4.93
u=—~{QR} (4.93)
T k k k¥ 2 ¢ kropusyercsi (4.87) (cp BHUTH C yp BHeHHeM (4.16))
0 =00,, (4.94)

UMCEIOT MECTO IB P 3HBIX PCUICHUA:

QO =wH; —¢H, =0 (4.95)
NN P
Q2 = B1€? + 2Bowé + Baw? — Q—mQaﬂan =0. (4.96)

Huxe p ccmorpum 06 cinyd 1. OTMETHM, YTO BO BTOPOM CJIyd € P 3HBIE PE3yllb-
T ThI HOJIyY IOTCS UL M TEPUM B BUIE Hie JIbHOU XuakoctH, tae {p,p} = 0, u
JUSL M TEPHHU B BUIE CK JIIpHOTO Toiist, rae {p, p} # 0.

Hmes B cBoeM p cropsikeHMd T MuibToHM H (4.82) u ckobku Ily cco-
H (4.83), MOXeM BBIBECTM KHHEM THYECKHE I' MMJIBTOHOBBI yp BHEHMS, KOTO-
pble, p 3yMeeTcs, 9KBUB JICHTHBI OIpene/ieHHsIM MOCTOSHHbIX X 061 (cM. (3.23)
19 Cp BHEHMS) U UMITYJIbC CK JIIPHOTO TTOJISt

: OR’ oS

E={¢ H N <8Hg +u8—ffg) = Nu&H,, 4.97)
. OR' oS

W={w,Hf}N (8Hf + ua—Hf) = NwHjy, (4.98)
o U (OR 8S\ s

KoMOuHUpys KMHEM THYeCKWe W JWH MHYECKHe I' MWJIBTOHOBBI Yp BHEHHS CK -
JIIPHOTO 10JId (T.€. M TEpUH)

b= N(au+8)75, = —N(au+ B)a"U/(9),
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IIOJIy4 €M 3 KOH COXp HEHHsl 9HEepruu
T, .
222+ dPdU' (9) = 0,
a
KOTOPBIN MOXeET OBITh 3 NMUC H B CT HI PTHOH (popme
. a
p+3a(p+p) =0. (4.100)

HI/IH MUYECKHUE I' MWIBTOHOBBI YP BHEHUA VI I'P BUT HUOHHBIX IICPEMEHHBIX UME-
10T CHeHyIOH.[I/Iﬁ BUT:

Hf:_]X;f B (a+ Br)? <p+pﬁ+aa“>+ (4.101)
hre
2
+—27: (l—ur)Dl(r)], (4.102)
- Nus, 3 p B+ au
Hy =~ |a (o + pr) (MEM%)— (4.103)

r

2
2Ty DlT(T)] (4.104)

(cMm. (4.23), (4.24) nng cp BHeHus). K K np BUJIO, yp BHEHUE COCTOSIHUSI M TEpUU
CYUT €TCSl U3BECTHBIM.

4.4.1. lleps a 6emgv. 3pmech OyOeT p CCMOTPEHO CIleylollee pelieHne yp B-
HeHud cBs3u {2 = 0:

Q1 =wHf—¢(H, =0 — Hy=r""'H,.

Torn mng m p merpoB X 6651 momnyd em

w ¢ a
- -5 e 4.105
77 Nw’ 9 Nug’ N(au+ 8)a’ ( )
Y BEpHBI CIIEIYIOIINE COOTHOIICHHUS:
Hy=rH;,  Hy=H(%+8),  Hy=Ha+0r). (4.106)
r

Cas13u (4.84), (4.85) 9KBHUB JICHTHBI CIIEAYIONINM Yp BHEHUSIM, MOOOOHBIM Yp BHe-
Huto Opuim H :

2
H? = ngs (ﬁ (a+06r)°p+ 2%31(7‘0 , (4.107)

2
=t (a(a e Q%Bom) , (4.108)
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KOTOpBIE COIEePXK T MHOXKECTBO I p METPOB «, 3, By, - - - , 4 U HOBYIO IIEpEMEHHYIO
7(t). YnoOHO OyeT mepenuc Tb 9TH yp BHEHHUs B BHIE

A
H} = Lpp+ 2L, (4.109)
A
Hy = Loy + 5 (4.110)
rae
o 3
pr=8(7+8) » (@.111)
pg = ala+pr)’p, 4.112)
B
A= B0, @.113)
"
Ag = 7”2@3 (r). (4.114)
U3 yp BHenus (4.93) nonyu em
B -1 R 3 —1 B—ptra
o 3Dy + 3y~ rDy + 2m25(a+[3r) prt43pt—L = s
B 1
3Dy + p~1r(Bo — 3Dg) + #a(a + Br)3 (pulr 5 ﬁﬁ:a
4.115)
rae
D = B;+2Bip1r + Biar®,  Bi=DitrDisy. (4.116)

C yderom yp BHeHMil (4.106) 3 1 4y MOXHO mnepedOpMyIHpOB Th B BUJE JBYX
P 37TUYHBIX Yp BHEHUU TUn yp BHenus ®puaM H g nepeMeHHod H:

K m? K By
H?=-2 nh_ 2 4.117
gala+Brp+ 5l e—rss (4.117)
H2 = L3 (0 + r) T (4.118)
TG TP, Kk (a+pr)? '
DTy cCUCTEMY MOXHO P 3pelIMTh OTHOCUTEIBHO IUIOTHOCTU M TE€pPUU
Bq(r
e .
= T . .
T @t B (e ra— ) @19
OO6p THO, UCKIIIOY 5 p, TIOTYY €M
2 4B (r)— BB
grom_ @ 1(? BBo(r) _rs, (4.120)

3 (a+pr)?(ptra—p) K’
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T KXK€ MOXHO BBIP 3UTh KOCMOJIOTUYECKYIO IIOCTOSIHHYIO B Buje (DyHKLUH OT IIe-
PEMEHHOMU 7
2hg By
ko(a+ fr)?
Ecnu 3 1 H HeH Oiiog eM s IEpEeMEHH s 7, TO MOXHO BBIMMCIUTD p, H 1 A
u3 yp BHeHuid (4.119)—(4.121). OOp THO, eciu 3 1 Th H Y JIbHOE 3H YEHHE JJIs
H Oion eMoii p wim it H, To, peliuB yp BHEHHE TPEThel WM YETBEPTOil cTe-
MEHHU, MOXHO ITIOJIy4UTh HECKOJIBKO BO3MOXHBIX 3H 4YeHHMil Juid r. JIMH MHUYecKoe
yp BHEHHE JUIf 7

A= 4.121)

o+ Or
B+ au’
II03BOJISIET BBIYMCIIUTD DBOJIIOLIUIO 9TON IIEPEMEHHOM CO BPEMEHEeM M, T KUM 00p -
30M, BBIYMCIIMTH BOJIIOLMIO (BIIEpPeA WIM H 3 J [0 BPEMEHH) Ul BCeX IMEpeMeH-
HbIX. 11 B XXKHOro MHOXUTENS 1 — ur noiyd eM opmyity

= a(l —ur) (4.122)

a(a+ Br)*(p + 3p) (1 - ﬁ_u) T (MTBl —Bo>
1—ur=
B—ptra 2m? 3uDy
a(a+ﬁr)3(p—3p P >+ - (BO—3D0+ "

(4.123)
¥p BHenue (4.123) MOXHO yIpPOCTUTH, YUUTHIB g yp BHEHUE COCTOSHHA M TE€pHU

p = wp:
B
3(1 4 w) (% - Bo)

3uD B 1 3
By —3Dg+ —— et (u —BU> + v
T T 1 6

1—ur = . (4.124)

1+ ér
ar @
@ynkums r(t) MOXeT He ObITh MOHOTOHHOH M MEHSTh CBOE MOBEICHHE IIPH ' =
1/u.
4.4.2. Bmop s éemeés. Brop s BetBb )9 = 0 1 eT cienymwliee yp BHEHHE:
K
B1€? + 2Bobw + Paw® — —afa’p =0,
2m

WU, DKBUB JIEHTHO,
2m2 D1 (T)

Kk af(a+ Br)2
DTo yp BHEHHE MO3BOJISIET BBIP 3UTh [ BJICHHE M TEPHH p B BuIe (DYHKIUHU OT Iie-
pemennoii r. Ecnmu yp BHeHHE COCTOSHUS IO3BOJISIET BBIP 3HUTh IUIOTHOCTH DHEP-
MU M TEepUU p 4Yepe3 Il BIIeHUe, TO U3 yp BHeHMil cBa3u (4.85), (4.84) MoxHO

p:
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onpeaenuts Hyg u Hy. DBomonusa 9THX BEIUYUH ONPENEIAETCS I' MUILTOHOBBIMU
yYp BHEHHSIMU

H, = —Nzﬁga(a+ﬂr)3(p+p), (4.125)
Hy = —="LA(a+ 5r) (o + p). (4.126)

Kom6unupys yp Baenus (4.125), (4.126), HOIy4uM COOTHOLLIEHHUE
- = —ur’. (4.127)

B 11 rp HXeBoM (hopM JTU3Me NOAPOOHBIA H JIU3 PElICHUil /I BTOPOil BeTBU ObUT
nposeneH B p 6ore [50]. Ormerum, YTO U1 BTOPOM BETBM pELICHHI yp BHEHHI
CBSI3M HE TOJIKO OUrp BUT LiMsi, HO U M CCHBH $ TE€OpHs I'P BUT LMW HO3BOJISIET
MOJTYYUTh AWH MHYECKYIO DBOJIOIHMIO M CIIT OHOTo ¢ KTOp TpH IUTOCKOM (ho-
HOBOI MeTpuKe, Mp BI , HE YA €TCA CHAeNl Th BTy DBOJIOIUI0 COOTBETCTBYIOLICH
H Omonenusm [51].

4.4.3. M ccuen aep éum yua. Ilyctb MeTpuk f,,, UKCHPOB H U BBIOD H
B Buge (—1,1,1,1). Torn N =1, w =1, Kk = Kk, u R’ Gonblre He sABIICTCH
CBSI3BI0

2
R = B(at + B)>p+ 2%(5153 + 38262 + 363¢ + Ba). (4.128)

I" MunpTOoHU H

H=R +uS (4.129)

yXe He 0043 TeJabHO 00p I eTcsl B Hyllb, HO, P 3YMEETCs, OCT €TCSl MHTErp JIOM
JBUXEHUSI.
B Monenu umMeetcs 1 p  cBsizeit Broporo poxa : S = 0 u 2 = 0, npuuem

6¢3H,>

2
§=- ala€ + 00+ (50" +3HE 4 BE + B), (4130)

= —38H, ( (B1€% + 2B2€ + B3) — af(al + B)? > (4.131)

H c He uHTEpecylOT CT THYECKHE PEIIeHHs, [I09TOMY 0003H YUM CYIIECTBEHHbIN
MHOXHTeIb B ¢ Kropusywomeiicsa casu ) depes Qy = Q/(—3(H,) u Gynem
p ccM TpHB Th B K decTBe cBsizeid S u {2y, Mx ckobk Ily ccon

_ 0y 08 0y 0S
(60,8} = 5 o (6 ol + 5,75, 0o} (4.132)



270 COJIOBBEB B.O.

OTJINYH OT HyJ]Id, IPUYEM BTOPOE CJI I' €eMOE P BHO HYJIO B CIy4 € WMIE JIbHOU
KUJKOCTH, HO HE IS CK JIAPHOTO IOJIS:
2 2 /
o 7T¢ 7T¢ 27T¢U (d))
{p,p} = {7 “U(9), 55+ U(¢)} =5 (4.133)
’ 2(af + P)S "2(ag + B)S (a€+3)°
JI rp HXeB MHOXHTENb U JOJIXKEH OBITh OMpeielieH M3 YCIOBHS COIMT COB HHOCTH
cBa3U {1y ¢ I MIWIBTOHOBOM ®BOJIIOLIMEN

Qy = {Q2, R’} +u{, S} =0, (4.134)

T.€C. {9277?//}
=27 4135
2,8} (133)

B cnyu e wpe npHOM Xupkocty nomyd eM uw = 0, U METPHK g, OK 3bIB €TCH
BBIPOXKJIEHHON. A U1 CK JIIPHOTO IOJI MOJyd eM

ue By
6]
A% 1 B)(BE + Bo)+(ak + B)? (LQ + U(«é))} B
|14, 12020 - lac £ 7))

2mU' ()
(4.136)

IMockoneky H Omon eMoe IBUXEHHE M TepHH CBS3 HO C a(pheKTUBHOI METPUKOIA,
HEOoOXOIMMO H HTH COOTBETCTBYIOIIYIO €l MOCTOSHHYI0 X 001

s aé _ §H, , 4.137
Na = (au+ B)(a€ + ) (1_|_ ﬁ) (a€ +P) ( )

au

Iocne yaer yp BHeHwms (4.136) o H monyd eM BBIp XeHHe
!
H—=_ yo 2meU’ (4)
m
(@€ + B2 (P& + B2) + (al + f)? (

Ko2f3

7T¢2
g +pp )
(4.138)

Ecnu BOCIIONB30B ThCH Yp BHCHUEM QQ = 0, TO MOXHO 3 ITMC Tb OTOT PE3YJIBT T
HH 4¢E:
H =
24U ()

: .
A OE O (e2) (e o) + mrez2me + 6o

(4.139)

3(at+pB)*U(9)+
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HMeercst HCKITIOUUTENIBHBIN BBIOOD 1T P METPOB IOTEHLH JI

2
b=l m=m(2) . (4.140)
o o
IpU KOTOPOM 3 BUCUMOCTh H OT ¢ U a = o +  CHIbHO YIpoIl ercs:
!
2
H= _7T¢U3(¢) S (4.141)
a m? B
3U
(6)+ =~ Kk a3

U C y4eTOM KWHEM THYECKOrO I' MIJIPTOHOB Yp BHEHHS I CK JIIPHOTO ITOJIS
(4.99) MOXHO 3 TIUC Th

2U

a
—_—— (4.142)
a 8m? G

3U + PR

HHTerpupoB HHe NOCIEIHEr0 yp BHEHHs J €T BO3MOXHOCTb BBIP 3UTh M CIUT O-
HBI ¢ KTOp 2(hheKTUBHOI METPUKHU K K (PYHKIMIO CK JIIPHOTO IOJIS

2/3
8m2 /61
U(d)U) + 3

3k a3

5 . (4.143)
8m~ [
3k a3f

U(e) +

5. CJIYYAU OTJIMYHOI'O OT xPI'T MOTEHITUAJIA

5.1. bBurp Bur mua c¢ noreHiu oM PTT. Ilycts nmoteHun i Ourp BUT LA
oriuy ercd or noreHuu 1 APIT. P ccmorpuMm, H npumep, MOTEHLU JI peNATU-
BUCTCKOI Teopuu rp BuT 1uu (PTT) [52,53]:

1 1,
U=-= [J—_g (—g” Fur — 1) - \/—f} : 5.1)
Torn B 00603H 4eHMSIX 3 + 1 MUHH-CYNEpHpocTp HCTB HMeEEeM

1
VEg=Nug of= NG g = 43 (52)

3 ~
U= 1N (— + §u§w2 —ugd — w3> =NU (5.3)
27 \2u 2
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U II0JIy4 €M

ou 1 e 5 3,
V"= (-2 -8+ 2 5.4
w2 ( 22 S Tt ) (54)
- U 1/[&
W=U-u—==(>-uw?). 55
“ ou 2 ( w Y (5:5)
CJ'[C):[OB TEJIbHO, YP BHCHUA, H JIOTUYHBIC CBA34M, 6y)1yT CJICAYIOIINMU:
2m? ; 271
Ro=H+ 2w =u? |——L 4 p; m—(—3—1> =0, (5.6)
K ur
_2m? 6H? 2 1 3
S=H+y-g|-oy, (——2—1+—r2> —0, (5.7)
K Kg K 2u 2

HO 1Ipu 9TOM B 00 yp BHeHwUs (5.6), (5.7) BXOAUT BCIIOMOT TEJIbH 5 MIEPEMEHH S U.
Torax HeoOXOAMMO H HTH w M3 OOHOTO Yp BHEHHSI M MOACT BUTH B Apyroe. T KuM
00p 30M, B IEHICTBUTEIHHOCTH y H C UIMEETCS TOJIBKO OAH CBSA3b. DTO CBS3b Mep-
BOTO pOA , MOSBIIAIONI sCS BCIeACTBUe WHB pu HTHOCTH OU-PTI oTHOCHTENnsHO
nepen p MeTpu3 UM BpemeHu. [1o »Toiil nmpuuuHe nepeMeHH 1 N OCT ercs Impo-
M3BONIBHOI. B K yecTBe H 4 JIBHBIX JI HHBIX MOXHO BBIOp Tb, H NIPUMED, P4, Pf,
Hy; n Hy. OueBunHO, 4TO B 3TOH TEOPUM H OIHY TP BUT LIMOHHYIO CTEIIEHb
cBoOOmBI OoJbllie, YeM B Teopusax c moTeHu joM IPI'T. B pesympT Te Teopus
6u-PTI" He mogxomuT JUIS ONKC HUS H ONIOJ eMOW KOCMOJIOTMM W HHUKOIJ He
00CyXJ1 JI Cb B JiUTep Type. Mbl YBHIMM HHXE, YTO MPH Mepexofe K M CCUBHOM
rp BuT nuu PTT 4ducnio creneHeil cBOOOIBI OK XeTCsS [EKB THBIM KOCMOJIOTHYE-
CKOM 3 11 ue.

JuH MudYecKkue T MIJIBTOHOBBI yp BHEHHS B OOCYXH €MOM IpHMEpe HUMEIOT

BUIL , (r)?
: Nky m= 1 — (ur
Hf = —— —_— 5.8
f 1 [Pf+pf+ pPa— }7 (5.8)
- Nukg m? 1 — (ur)?
Hy = —— {pg—&-pg—?T . (5.9)

5.2.M ccuBH g rp But nug c noreHiu joM PTI'. Ecnu Mb1 Oynem cuut Tb
OIHy M3 METpUK, H mpumep [y, hOHOBOH MeTpHUKOi# MMHHKOBCKOrO, TO Oymem
uMeTh cootHomenus w = 1, Hy = 0, py = 0, u pemenuem yp BHeHus (5.6)
Oyner ,

1
=3 = % =3 (5.10)
IMoxct BUB 3TO BBIp XeHue B S, nonyuuM yp BHenue @puam v B PTI:

2
Rqgp m K
H? =298 (1 4 266 3¢, 5.11
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IpunuMm 1 Kk = kg = 167G, MOXHO Tiepenuc Tb yp BHeHue (5.11) B Bue

8tG A
H§:—§m¢+§, (5.12)
rae 5
m 1 3
A =——(—=+1—-—]. 1
©=-7 (55 +1 2) (5.13)

3 H 9 JIbHBIC I HHBIE MOXHO BBIOp Tb py, u H,. Torn A(&) ompenensercs u3
yp BHeHus (5.12), 1 nepeMeHHylo { MOXHO H iiTH, peml s GUKyOM4YecKoe yp BHe-
e (5.13). B omiuuue OT M CCHUBHOH Ip BUT muu ¢ noteHuu jiom APT'T ob6ey-
XKI €M S TeopHs JOIMYCK €T OQHOPOAHBIE N30TPOIHbIE KOCMOIIOTHYECKUE PEIICHHs
(puaM HOBCKOTO THI . DTO NMPOMCXOOHUT OJI TOX ps TOMY, YTO I'P BUT LMOHHOE
II0JIe UMEEeT 31eCh H OJHY CTeleHb cBOOOJbI Oobiie. B To Xe BpeMst 8T cTeleHb
cBobOonp! Benet cebs K K ayx. B PTT adhpekTHBH S KOCMOJIOTUYECK s IOCTOSIHH
OK 3bIB €TCSl OTPUII TEJIbHOW, U MO3TOMY JII000€ P CHIMpEHHE JTOJIXKHO B OynyieM
CMEHHTBCSl CX THeM. BceneHH g Bener ceOs B ®TOH MOpeNW IMKIMYECKH W He
JOCTUT eT cuUHryndpHocTH. KoHeuHo, mid oObscHeHHs H Ooj eMoro yCKOpeH-
HOTO P CIIMPEHHS] HEOOXOAMMO MPUBJIEK Th M TEPHI0, KOTOpP 9 H TPOTSKEHUH
KOHEYHOTrO NMPOMEXYTK BpeMeHH BeleT ceOsi M0g00HO KBUHTICCEHIHH.

3AKJIIOYEHHUE

Pemenne 3 1 4 KOocMOJIOTMH B P MK X TE€OpHH OHIp BUT LM SIBISIETCI OT-
KPBITOM MPOOJIEMON U H XOIUTCH B CT UM KTUBHOTO u3ydeHus [8—10,28,29,54—
58]. B 1 HHO#l p 6OTe MBI CTPEMHIMCh MPOAEMOHCTPUPOB Th Kp COTY U MOIIIb
I MWIBTOHOB IIOAXOX B ®TOM 001 cTU uccienoB HUi. JJoO BUM T KXe, YTO K -
HOHMYECKHMH (POpM JIM3M OTKpHIB €T HPSIMyI0 AOPOTry KB HTOBOH KOCMOJIOTWUH B
Ourp BHUT IHU.

Astop 611 ron pen B. A.Ilerposy, 0. ®@. [Tuporosy u FO. M. 3uHoBbeBY 3 HUX
UHTEepecC K JI HHOW p Oore.

IIpunoxenne 1
OBO3HAYEHUA

TpsiMBIM BBIUKCIICHHEM CIIEIOB M TPUIIbI X U €e CTelleHeld H OCHOBE yp BHe-
HU (2.12) MOXHO TIOTYYUTH Creayoue (GOpMYyJIbL:

TrX =—A+ D, (IL.1)
TrX? = A% — 2(BC) + Tr D?, (I1.2)
TrX? = —A% + 34(BC) — (BDC) — Tr D?. (IL.3)
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ITocne aToro HeTpyaHO BhIp 3UTh (pyHKIMIO U U ee IpOU3BOIHbIE

(2
V' = foe + pre (x‘f‘L) + fae {xQ—Ter—Q—QW} +

e+1 e+1

6(pz’p) — 6z(pa®p) — 3y Tra?

+ Bse [x?’ —3zTraz? +2Tra® +
e+1

Vi = —£iaCavps,

W = Buf + Prec + 2[zee (x — 5(5721—1)) +

6(pz3p) — 6x(px?p) — 32 Tr 22

+ Bse |2 — 32Tra® + 2 Tra® +
e+1

191 (S

Bbiiie GbUIM UCIIONB30B HBI CEAyIONHUe 0603H YeHHs:
Tab = fia 827
T = Taa,
Tr .1‘2 = ZabTha,
Tr2® = TapTheTea,
Yab = PaPcLcb,
Y = (pTP) = PaZabPb = Yaas
(prp) = PaZabThbcPc;
(pxSP) = PaZabTbcTcdPds
(ufp) = u'fiup®,
(ufpr = uifiaxbapba

)
(uf(xQ)Tp) = uifiaxbaxcbpa
Y
e+1

z=x+

IIpunoxenne 2
O ®EHOMEHOJIOI'NU BUTPABUTALIUU

|\

|\

Cap =€ [6ab(ﬁ1 +2B2x — 363 Tr x2) - bea(ﬁQ + Sﬁ?ﬂ:) + Gﬁbecxca] .

(I1.4)

(IL5)
(TL6)
(IL7)
(TL.8)
(1L9)
(11.10)
(IL11)
(I.12)
(I1.13)
(T1.14)
(I1.15)

(I1.16)

Bormpoc 0 cor cuu Teopuu ¢ SKCIEPUMEHTOM JUIS TP BUT UM CTOUT 0C000,
MOCKOJIBKY MHCTPYMEHTBI HCCIICIOB HUS 31€Ch NPHUHIUIU JIbHO OTJIMYHBI OT HH-
CTPYMEHTOB ®KCHEPUMEHT JIbHOW (PH3MKHU BBICOKHUX DHEPTHA. DTOU TeMe IOCBA-
mieHsl 1 MOHOTP usa [59], m 0630per [60-62], U HOBbIe MyONHMK LUU WCCIe-
JIOB TEJNbCKHMX KOJUT Gop muil [63,64]. BbI30B i TEOPETHKOB, K K yXe ObLIO
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OTMEYEHO BO BBEJIEHUH, — DTO HPOOJEMbl TEMHOI DHEPIUM M TEMHOW M TEpHH.
OCHOBHBIMHU H TIp BJICHUSIMH MCCIIEIOB HHM SBJISIOTCS 371eCh K K M300peTeHne Ho-
BBIX IIOJIE M Tepuu (M, COOTBETCTBEHHO, HOBBIX BJIEMEHT PHBIX Y CTHI), T K H
N3MEHEHHe 3 KOHOB Ip BUT LuH. KB smunupos HHbIE 0030p Bcero o0beM p -
60T SIBHO MPEBOCXOAUT BO3MOXHOCTH BTOP .

OO6cyX eM s 3J1ech TeopHss OUrp BUT ILIUH, P 3yMEETCs, SBJISIETCS HE eIUH-
CTBeHHOM ku3HecnocobHou Mmomucuk nueit OTO. Hmerorcst MmoHOrp chust [65]
u Gompimme 0030psl [66—70], B KOTOPBIX HPENCT BIEHBI p 3HYHBIE B PU HTHI
06o06menns OTO. 3xech W HCMONMB30B HHUE BHICIIMX P 3MEPHOCTEH, M BBEICHHE
HOBBIX CK JIAPHBIX IOJIeH, U BBEJEHHUE B JI P HXHU H P 3IUYHBIX UHB PU HTOB
KPUBU3HBI, U HEJIOK JIbHbIE TEOPUH, MOTUBUPOB HHBIE TEOpHUEH CTPYH, U TEOPUHU
C H pyIIEHHEeM JIOpeHU-UHB pu HTHOocTH U Ap. T x, H 14-m CemuH pe M p-
censa I'pocem H , cobp BmeM 1054 y4 cTHHK , ¢ MOHl meperpyXeHHOH ceKImen
O6p1  UMeHHO cekuusl «P crmpeHHble Teopuu Tp BUT Lum» ¢ ee 109 mokm -
a1 mu. Eme no mzobperenns norenim i1 aPI'T, mosBomuBmero mu36 BUTbCA OT
JyXOB, 00CYXJ JIUCh TEOPUM M CCHBHOH Ip BUT muu [53,71-74]. MHorue cuu-
T 10T 6urp But uuio ¢ norenuu JioM IPIT Gomee ¢yHn MeHT JbHOU Teopueil,
YeM BBIIIETIEPEeYrCIIeHHbIE (CM., H TipuMep, [57]). 3mech HCMOIb3yeTcs YHUK JIb-
H g BO3MOXHOCTb IIOCTPOHTH B3 UMOAEHCTBHE O€3M CCOBOrO M M CCHBHOTO TTOJIEH
couH 2. Kpome BBeneHMS HECKONBKHUX KOHCT HT, B OCT JIbHOM TE€OPHS SIBIISIETCS
€IVHCTBEHHO OIpeAe/ieHHON. B oT/inune OT KOCMOJIOTUYECKOM ITOCTOSHHOM M CC
IP BUTOH HE NepeHOpPMUpYyeTCcd NpH Mepexofe OT KJI CCUYeCKON TeOpUH Mo K
KB HTOBOI.

CyImecTByI0T NMoApoOHble M KB JM(PHUIUPOB HHbIE 0030pBl K K M CCHBHOM
TP BUT WU, T K U OWrp BUT 1um ¢ moteHuu jom APIT, u mpumep [75-77].
Ectp puccepT uuy, cheuy JbHO IOCBSIIEHHBIE OINUC HUIO KOCMOJIOTMM H
OCHOBE ®THX Teopuid, H npumep [78]. dDeHoMeHomOrus OUrp BUT LUHM B Iie-
JIOM HE TPOTHBOPEYMT COBPEMEHHBIM H OJIIOJ TENbHBIM 1 HHBIM. B TO e Bpems
MPEICK 3 HUS P 3HBIX B DU HTOB TEOPUH MOTYT CYIIECTBEHHO OTJIMY ThCA B 3 -
BHCHMOCTH OT TOTrO, K KMM 00p 30M IIOCTPOEHO B3 MMOJEICTBHE I'p BHUT LIMOH-
HBIX IOJIed C HOJISIMA M TepUH, T KX€ B 3 BUCHMOCTH OT BBIOOp KOHCT HT
B JI TP HXHU HE.

[Monsitue M ccbl Ip BUTOH TpeOyeT p CCMOTPEHUs JIMHEHHOTo MpuOIIKe-
HUS yp BHEHMH I'p BUT LIMOHHOTO MOJNS H BbIOp HHOM (poHe, mpudeM (hOHOB 4
METPUK JODKH MMEThb M KCHM JIBHO BO3MOXHYIO TPYIITy OBUXEHHH, T.€. 3 I -
B Tb NMPOCTP HCTBO MOCTOSHHOH (IOIOXHUTETBHOM, OTPHUIl TEIbHON WIIN HYJIEBOK)
KPUBU3HBI.

B M ccuBHOH Ip BUT LUU AMH MUYECKUM SBJISIETCS OJHO TEH30PHOE IIOJIE,
KOTOpPO€ H C MbIX OOJIBIIMX P CCTOSIHUSIX B HHIOTOHOBCKOM Hpelese Il T Ip -
BUT IIMOHHBIA NMOTEHLM J B BUAe moTeHUM 71 HOK BB, COOTBETCTBYIOIIEIO M Cce
rp BUTOH m. OIEHKH M CCBI TP BHUTOH MOTYT OBITh IOJIyYEHBI U3 P 3HBIX CO-
00p xeHuil (cM., H npumep, [80-82]). CBojk p 3/1IMYHBIX OLEHOK 1 H B 00-
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3ope [77]. IlockosbKy 771 OOBIYHO CUUT €TCS H MHOTO MEHBIIHM, YeM M CC
J000i W3 W3BECTHBIX DIIEMEHT PHBIX U CTHIl, I0K BCKOE MOBEICHHE CT HOBUTCA
3 METHBIM TOJILKO H OdYeHb Oonplinx M cmT 6 Xx. H KocMomoruueckud M JibIx
p ccrosHuSIX, H mpuMmep, BHYTpu CONHEYHOW CHUCTEMBI, B JIOPCHL-WHB PU HT-
HBIX TCOpI/lﬂX M CCI/IBHOﬁ Fp BUT UM HMEET MECTO T K H 3bIB €M 4 SKp HU-
poBk B iHmreitn [79], 61 rom ps kotopoil orkioneHus ot OTO HbloTO-
HOBCKOTO TMOTEHIM JT MCTOYHHUK M CChl M H ONIOA I0TCH JIMIID /IS 7 > T/, TIe

M ccel M.

B Ourp BUT IpiM Jie)I0 OOCTOUT MH Y€, ¥ IMOTEHIH JI CONEPXKUT CYIEPIIO3UILIUI0
HBIOTOHOBCKOTO U 10K BCKOro. @eHoMeHosorus OUrp BUT LUH JOIMYCK eT OoJbIie
P 3THUYHBIX B PH HTOB, MOCKOJBKY MOXHO HCIIONIB30B Th P 3JIMYHBIE B3 UMOICH-
CTBHMSA M TEpUH C TEH30PHBIMHU IOJISIMHU, JIMIIb Y CTHYHO OIHUC HHBIE B H CTOAIIEN
p 6ote. 31ech JOMYCTUMBI U Cp BHHUTEJILHO OOJIbINKE 3H YEHUS M CChI [P BHUTOH
(cM., H mpumep, [83,84]).

Mpl He p cCM TPHUB JIH BBIIIE CITOCOOBI OMUC HUS TEMHOW M TEpUH B P MK X
OUrp BUT IMH. YIIOMSHEM JIMIIb HEKOTOPhIE M3 HUX.

H npumep, Oputo mpemToXeHWe CYHT Th, YTO TEMH S M TepHs IMOPOXI -
erca f-M TepHeii, KOTOp s MHHHM JIBHO B3 HUMOJEIHCTBYeT ¢ METPHKOH f,,, B TO
BpeMsi K K OObIYH 51 M Tepusi (g-M TEpHsl) MUHUM JIbHO B3 UMOJEHCTBYET C METPH-
KO g,,. B nuHeiiHoM npubnuxenud H ¢oHe MpocTp HCTB MMHKOBCKOIO MJIM
HPOCTP HCTB MOCTOSHHOW KPHBH3HBI IBE P 3ITHYHBIE JIMHEHbIE KOMOUH LN [,
U gy, TPEICT BIAIOT 6€3M CCOBOE M M CCUBHOE mons cnuH 2 [36,37].

OO6CyX 1 Cb T KXe BO3MOXHOCTh CYLLIECTBOB HHS JBYX BUJIOB TEMHOH M Te-
puH, B3 MUMOIEHCTBYIOLIMX C JBYMS METPUK MH OWUTp BHUT LIUHM, MeXIy coboil —
IIOCPEACTBOM BEKTOPHOTO IOJIS (IUMONApH g TeMH g M Tepus) [85-87].

Tperuif B pu HT Ipenrnon T er cymecTBoB Hue noneir CT HO pTHOH Moaemw
K K OOBIYHOI M TepHH, pOJIb TEMHOH M TEpUU WIP €T M CCHUBHOE IIONIe CIH-
H 2 [83,84], nmpuyeM rp BUTOH MOXET WUMeTb OOJbLIyI0 M ccy (CM., H NpH-
Mmep, [83]) mopsax 0,01 I'B.

B H crosiuee BpeMs Teopus OMIp BUT IIMU SIBIISIETCSl OJHOIM U3 KTHBHO p 3-
p 6 To1B embix Moaucuk muii OTO, MHTEpecHOH K K C YHCTO TEOpeTHYECKOM,
T K u ¢ (PeHOMEHOJIOTHIEeCKON TOUYeK 3peHus. [Ipu aToM MOK Hesb3s OObEKTHBHO
OTA Th MpPEANOYTEeHHEe K KOMY-TO U3 B P HTOB 3TOH TEOPHH.
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