O BHyTpeHHeM NPOTHBOpPeYnH
B MeTPHUECKOM TeH30pe CTaHJapTHON KOCMO/IOTHYEeCKOH MOo/ie/T!

10.C. KyapsBLes

Mempuka, nexcawjas 8 ocHoge cmaHOapmMHOL KOCMO/02U4ecKol mMooeau, coomeemcmayem
omcymcmeuio obMeHa 3Hepeuell MedxcOy Mmamepueli U 2pABUMAYUOHHbIM NOJAeM, UMO
9KBUBA/IEHMHO Hegso3ModicHocmu pazeumust BcenenHotli 6o epemenu. Takum obpa3om, 8 ocHO8y
cmaHoapmHoll Kocmono2u4eckoll modenu, onucbigarowjell pazeusaroujyiocsi BcenenHyro, 3a104ceHo
21yb0Koe 8HympeHHee npomuegopeuue.

IIpomugopeuue cHumMaemcss npu UCNO/Ab308AHUU MEMpUKU, yuumbleawoujell HeHy/1e8yto
geauuuHy oOuggeperyuasa macwmabHoz2o ¢akmopa. ModuguyupoeaHHass KOCMO/A02UUeCKast
MoOe/b, NOCMPOeHHAs1 Ha OCHOB8e 3MOll MempuKuU, Coomeemcmeayem 3aKOHY COXpAHeHUsl SHepeuu
u onucbleaem BceneHHylo, ocmarowyrocs 3akpbimol npu mobol niomHocmu mamepuu, He
mpeOyloujylo  8eedeHusi O0ONOAHUMEbHbIX HeHabadaemblx cybcmaHyull  (Kocmono2uyeckoll
NoCmMosiHHoU uau memHol 3Hepauu), 6ecCKOHeuHylo 80 8peMeHU U HAd OaHHOM 3mane paszeumusi
pacuwupsaIowyocs yCKOPEeHHO.

bonee meOneHHass OUHAMUKA pacwiupeHus ycmpaHsiem cyuwjecmeeHHble npob/iembl
CMAHOapmHoOlU KOCMO/02U4ecKoll MoOeu, C8sI3aHHble C O2PAHUYEHUSIMU 80 8peMeHU, d Mmakdice
no3eo/sem uHmMepnpemuposamb HeOa8HO OOHAPYHCEHHYI0 CUMMEMPUIO PeaUuKmo8o20 U3/yueHUs
KaK ecmecmeeHHoe sig/leHue, He CB8513aHHOe C HapyweHuem usomponuu u Opyaux
0CHOB0N0/a2aroWuX NPUHYUNO8 Meopuu OMHOCUMeAbHOCMU.

98.80.-k

1. BBesennie. BHyTpeHHee NpoTHBOpeuHe CTAaHJaPTHOM KOCMOJIOTHYECKON MOJe/IH

YpaBHeHUsT 0O0IlIeli TeOPUM OTHOCHUTEJILHOCTU TIPEACTaB/ISIOT CO0OM MaTeMaThuecKoe
BbIpa)KeHHE 3aKOHAa COXpaHeHWsl SHeprud, Ha YTO HEeOJHOKPATHO YyKasbiBaeT OWHILTEHH B
«OcHoBax 001Ieli Teopud OTHOCHUTENBHOCTH» [1]. 3aKOH coXpaHeHWs YHEpPruH, BK/IFOUAOIIe
SHEPryl0 MaTepyuu U TPABUTAIL[MOHHOTO TOJs, B OOIel Teopuu OTHOCUTENTBbHOCTH BBIPAXKAETCS
TEH30PDHbIM ypaBHeHUeM [2] :

(1/V-g) O[TV-gl/ox* - (1/2) dgw/ox' T = 0; (1)

Bropoii u/ieH B JIeBOM YacTH 3TOTO YpaBHeHHWsl TIpeAcTaB/sieT COOOM BbIpakeHUe isi
WUMIy/IbCa, U, COOTBETCTBEHHO, /IJI1 SHEPTUH, KOTOPble B €IMHUIY BPEMEHU U B euHHIIEe 00BemMa
repeZlatoTCsl MaTepuM OT rpaBUTALMOHHOrO Mosisi [1]. Ero HyneBass KOMITIOHEHTa COOTBETCTBYET
TIPOCTPAHCTBEHHOM TVIOTHOCTH Tepejjaud SHepruM.

[MoacraBasii B Hee KOMITOHEHTbI METPHUYECKOTO TeH30pa M TeH30pa JHePruu-UMITYJIbCa
CTaHZAPTHOM KOCMOJIOTUYECKON MO/Ie/id, TI0Ty4aeM, UTO OHa paBHa HY/O (T.K. PaBHBI HYJ/IIO BCe
komroHeHTEl T¥ kpome T, u gyp=1=const, oTKyga 0gw/0x'=0), UTO COOTBETCTBYET OTCYTCTBHIO

obmeHa BHGPFHEﬁ MeXxnay MaTepHEﬁ W I'PABUTALIMOHHLIM I10J1€M U, C/IeA0BATE/IBHO, HEBO3MOXXHOCTHU
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pa3Butusi BceneHHOW BO BpemeHu. TakuMm 00pa3oMm, B OCHOBE CTaHaPTHOW KOCMOJIOTHUECKOU
MO/Ie/I, OTKChIBAIOIle pacILUpsIOLIyloCcs BceseHHyr0, 3a7oKeHO T/yOOKOe BHYTpeHHee

TIPOTUBOPEUHe, KOTOPOe He MOXKeT ObITh yCTPaHeHO 0e3 U3MeHeHUs! Tpe/[CTaB/IeHU 0 MeTpHKe.

2. HOTEHHI/IHHBHHH U KHHETHYECKAad JHePrud TeJi B CTaHJJ[apTHOI‘/’I MoO/e/n d)punMaHa

MeTpuKa, Jiexalllass B OCHOBe CTaHZApPTHOM KOCMOJIOTMUeCKOW Mojenu [2], BbIpakaeTcs

COOTHOLLEHUEM:

ds? = dt? - a’[dy* + sin®y (sin’0 do? + d6?)]; 2
rjle a - paJuyC KpUBU3HbBI TIPOCTPAHCTBA (MacIITabHbIN (akTOp), X - KOOpAWHATA [albHOCTH, O, @
- YIJIOBBle KOOpJMWHAThl, C - CKOpPOCTb cBeTa. COOTBETCTBYIOLMe 3HAueHWss KOMIIOHEHTOB
KOBAPUAHTHOTO METPUUECKOTO TeH30pa: go = 1, g11= - %, g» = - a’ sin’, ga3 = - a° sin’y sin0.

BripakeHue (2) COOTBETCTBYeT PaBHOMEPHO UCKPUBIEHHOMY TPOCTPAHCTBY, IMOJyYEeHHOMY
OUWHIITeiHOM TIyTeM BBeJleHUss BooOpakaeMoil 4-ii TpPOCTpaHCTBEHHOW KOOpJAWHAThI U ee
NOC/Ie[yIOLLero UCK/IIOUeHUs yepe3 paJuyC KpHUBH3HBI NIPOCTpPaHCTBa [3]. DTOT mMaTeMaTU4yeCKUi
¢dopmanusM, MO3BOJISIOLIMKA OMUCaTh UCKPUB/IEHHE 3X-MEPHOr0 MPOCTPaHCTBA I'PaBUTALIMOHHBIMU
TIO/ISIMH, KaK U3BEeCTHO, ObLT BBeZleH DUHILTEHOM TPY PaCCMOTPEHUM CTal[iOHApHOM BcesieHHOM.
[Tpu BbIBOZIE BhIpaykeHus (2) puddepeHLan UCK/I0UaeMoi 4-i MPOOCTPaHCTBEHHOW KOOPUHATHI,
BXOZSLLMI B BbIpa)Ke€HHWe [Is 37eMeHTa MPOCTPaHCTBEHHOro paccTosiHus dl, BelpakaeTcs uepes
muddepeHLManbl TpeX APYTUX MPOCTPAHCTBEHHBIX KOOpAMWHAT [2], HO He yepe3 auddepeHIMan
pajuyca KpMBU3HBI IPOCTpaHCTBa da, KOTOPLIH B CTaljMOHapHOW BceneHHON paBeH HyJIto:

dI? = dx,? +dx,? +dxs? +(x; dx;+ X dx, + X3 dx3)? / (@ X1%- X27- x32). (3)

PaccMoTpuM  CBsI3b  MeTpUKU (2) C BeIMUMHOM TPABUTAL[MOHHOTO TOTEHLMana o,
OTpeJiesIsIFoLLero BeJIMUMHY MOTeHLManbHOM 3Heprun U Tesla Maccoli m B rPaBUTALjMOHHOM TIOJI€.

[To orpefienieHNI0 TPAaBUTAL[MOHHOTO TIOTEHLIMaa

Ug; = mo. (4)

W3 ypaBHeHui 00111eli TeOpyuy OTHOCUTETBHOCTH CjiefiyeT [2], uTo B c/lyuae MajibIX CKOpOCTei

JBYDKEHUS] MaTepyy rPaBUTAL[MOHHbIN MIOTEHLIMa CBSA3aH C go BbIpaXKeHHEM:
goo = (1+20/c?). (5)

Ho B metpuke (2) goo = 1, OTKyAa cjeiyeT, 4TO 3Ta MeTPHKA, IOJIO)KeHHasi B OCHOBY
CTaHZAPTHOM KOCMOJIOTMYECKOM MOJe/ld, COOTBETCTBYeT HYyJ/IeBbIM 3HAueHUsIM IOTeHLMaTbHOU
SHEPrUY MaTepyabHBIX Tel B TPaBUTAL[IOHHOM 110/ie BecenenHoi. Takum 0O6pa3oM MoTeHIMaIbHAs
SHeprusi Tejl B rPaBUTALJMOHHOM T107Ie B CTaHJAPTHOM MO/e/Ti UCK/TF0UeHa U3 paCCMOTPeHMUS.

[lpy sTOM MarepuanbHble O0BeKThl BcesieHHOW paccMaTpUBAIOTCS B COMYTCTBYHOLIEH

CUCTeMe KOOpZUHAT, UTO OTpa)kaeTCsl B ypaBHEHUsiX B (hopMe HyJeBbIX CKOPOCTeH MaTepha/bHbIX
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00bekTOB [1,2]. HeobxoauMoCTh BbIOOpa TaKOW CHUCTEMbI KOODZMHAT, KaK W3BECTHO, CBsi3aHa C
yCJIOBUEM M30TPOIUU TPOCTPAHCTBA, SKBHBAJIEHTHBIM OTCYTCTBUIO BbIZIeJIEHHBIX HampaB/IeHUM,
YTO BBINOJIHAETCS TIPU HYJIEBOM MOZYyJ/e BeKTOpPOB cKopocTu. Ho, yzoBieTBopsisi yC/IOBUIO
W30TPOMNUM, COMYTCTBYIOIIME KOOPAWHATHI MCK/IHOUAIOT U3 IHEPreTUUecKOoro 4ujieHa ypaBHEHUM
KUHETUUECKYH0 SHEePrul0 pacllvpeHusi, He KOMIIEHCHUPYSI ee COOTBETCTBYIOIIMMU HM3MEHEHUsSIMU B
Ipyrux ujeHax. TakuM o00pa3oM, KUHeTHYecKasi SHEeprusi [BWKEHHUS Tes, CBSI3aHHOTO C

pacipeHveM BceeHHOM, Takke HCK/IIOUeHa W3 PACCMOTDPEHUS.

3. MeTpuuecKHii TeH30p C y4eToM HeHy/ieBoro Au¢¢epennuana MmacmrabHoro pakropa

B pacumpsiiomericsa BecesrenHon

PaccMOTpUM, Kak W3MEHWTCS BBIpDOKEHWe /Jisi WHTepBaia (2) C y4eToM 3aBUCHMOCTH
MaciuTabHoro daktopa ot BpeMeHH a(t). BBogs ananoruuso [2],[3] moHsATHE O YeThbIpeXMEPHOM
€BK/IUZIOBOM TPOCTPAHCTBE U BbIpakasi UYeTBEPTYIO IIPOCTPAHCTBEHHYIO KOOPAMHATY uepe3
mubdepeHManbl Tpex /APYruX MPOCTPAHCTBEHHBIX KOOpAMHAT U AudQepeHLyan pajuyca
KPMBH3HBI MPOCTpaHCTBa da, KOTOPKIH [jis a(t) Z const He paBeH HYJIFO, TIOTyUYHUM BbIPaXKEHHe /ISt
3/1eMeHTa NPOCTPaHCTBeHHOro pacctosiius dl B Buge:

dI? = dx,? +dx,* +dxs? +(a da - x; dx; - X; dx; - X3 dx3)* / (8% xi*- X2~ X3%);  (6)

rle  Xi,X2,X3 - [JIeKapTOBbI TIPOCTPAaHCTBEHHbIe KOOPAWHATHI. Ilepexofisi OT [eKapTOBBIX

KOODP/IMHAT K TIOJIIPHBIM T, 0, @ ¥ paccMaTpuBasi /ijisi IPOCTOThI TOJILKO Paida/ibHbIe TIepeMeIeH s

(6 =0, d6 =0), monyuum

dl?> = dr? + (da - (r/a)-dr)*/ (1 - (r/a)?); (7)
BBe/leM, aHa/IOTUYHO [2], KoopAuHaTy X U3 BelpaxkeHus T = sin (). Torga

dI? = da® + a’dy?; ©))

ds® = ¢*dt? - dI* = ¢?dt® - da’ - a’dy* = c*dt’(1 - da*/c?dt?) - a*dy?; 9)

O6o03HaurB da/cdt = a', OKOHYATebLHO TOJ/TyUnM:
ds’= c*dt’(1 - a®) - a’dy’; (10)
Takum o0pa3oM, yueT 3aBUCMMOCTH a(t) /aeT BbIpaKeHHWe [/l MHTepBaja, B KOTOPOM

TMOCTOsAHHOE 3HaueHHe KOMIIOHEHThI MEeTPHUUYECKOro TeH30pa goo = 1 3ameHsieTcd Ha rnepemMeHHoOe

goo = (1-a"). (11)
[TopctaBnsisi B (2), OKOHUATeTBLHO 3aITUIIIEeM:
ds® = c*dt*(1-a") - a’[dy* + sin®( (sin’0 do* + d6?)]. (12)

4. 3akoH COXpaHEeHUsA MeXaHHUYeCKou JHEPrum B METPpUYECKOM TE€H30pe

pacmupsouieiica BcereHHOM.



3akpbiTass BceseHHass B CTaHJApTHOW KOCMOJIOTHYECKOW MO/l Tpe/CTaB/isieT coboit
pacLmpsitonlytocs 3-MepHyto runepcdepy B 4-MepHOM eBK/IWOBOM [4] mpoctpaHcTBe. B 3TOM
TIPOCTPAHCTBEe OTpe/ie/ieHbl TOHSATUS [IUHbI (OrpejiesieH paAuyc Turepcdepbl)) U BpeMeHH.
CnepnoBatenibHO, TIOC/IeIOBaTeIbHOE TIpUMeHeHre 3Toro (opmasn3ma TpedyeT pacrpoCTpaHUTh Ha
Hero TIOHSATHSI CKOPOCTH W KWHETUYeCKOW SHEepruu, MPUHLIMIT OTHOCUTENbHOCTU OWHILTEeMHA U
BbIP@KEHUS CrielaibHOM TeOPUU OTHOCHUTETbHOCTH.

Comnocrasnsisi (5) u (11), monyyaem

a'? = -20/c? (13)

¢ =-(1/2)a%/c% (14)
C yuetom Toro, uto a' = da/cdt

¢ = -(1/2)(da/dt)* (15)

[TpousBosHas da/dt - 3To /MHeHHasi CKOPOCTb pacIIMpeHus runepcepsl, ¢ KOTOPO Jiroboe
MaTepuajbHOe Tesi0 BcesneHHOW TrepeMelniaeTcsi B 4-MepPHOM €BK/IM/OBOM TIPOCTPaHCTBE B
HarpaB/ieHUM, TIepreHJUKY/ISIPHOM KO BCEeM KOOPAMHATHBIM OCSM 3-MepPHOro MpPOCTpaHCTBaA.
O6o3HaunM ee V, u C yueToMm (4) moaydum:

Uy =-m V43/2. (16)

Ho mv?/2 - HepensaTUBUCTCKOe (/11 Clyyasi MajibiIX CKOPOCTeH, K KOTOPOMY OTHOCHUTCH W
BbIpa)keHUe (5) Zi/isi TpaBUTALIMOHHOTO TIOTeHI[Mana), BbIpaXkeHue sl KUHeTUUeCKOW 3Heprum Ei
JBIKeHMsI Tejla Maccoi m (B IaHHOM CJlyuae /IBI)KeHre B 4-MepHOM IIPOCTPaHCTBe), OTKY1a

Uy =-Ew 17)

OTo BbIpaKeHHe TIpe/icTaB/seT 00O 3aKOH COXpaHEHWs MeXaHW4YeCKOW 3Hepruu,
JeMCTBYIOILIMI B paBHOM CTeMeHW [iisi BCeX MaTepuaibHbIX Tea BceneHHoil. B Touke
MaKCUMasibHOTO paciivpenus, korga Ey=0, U, Takke obpaijaercs B 0, B OCTa/bHble MOMEHTBI
ToTeHLMa/bHasi Heprusi Teja B TPaBUTALMOHHOM IIOjie OTpMLiaTe/ibHA U YWCIEHHO paBHA ero
KWHETUYEeCKOW SHePruM [BWKeHWs B 4-MepHOM TIPOCTPAHCTBe C OOpaTHbIM 3HaKoM. I[losHas
MeXaHuuecKasi 3Heprusi Wy, B F000i MOMEHT BpeMeHH paBHA HYJIFO

W =Ug + E =0, (18)
YTO BbIpa’kKaeT 3aKOH COXpaHeHHUsl SHepruu, INpejCcTaB/siOIIMN B JaHHON (hOpMY/JIMPOBKE 3aKOH
pa3BUTHsI 3aKpbiTOM BceneHHoW. EcTecTBeHHO 0XKWAaTh, UTO 3TOT 3aKOH BBITIOJHSETCS W TIPU
OOMBIIINX CKOPOCTSIX /IBWKEHUs, T.e. Ba/d OT TOUKM MaKCUMabHOTO paciivpeHusi BceneHHOM, HO
C TepexoZioM K DeJISTUBUCTCKUM BbIPaXKeHUSIM [I/is1 KHHEeTUUeCKWUM 1 TIOTeHI[Ma/IbHOM SHepruu.
OTMeTuM, YTO TIpU 3TOM He TpeOyeTcss OTKa3 OT COMyTCTBYIOIIEH CHCTeMbl KOOpZAMHAT,

obecmieurBaroiiieii TpeboBaHWe W30TPOIMM MPOCTPAHCTBA, T.K. /IBW)KEHHE 00BEKTOB MPOUCXOJUT B
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HanpaB/leHUM, TepreHVKY/IIPHOM KO BCeM KOOPJWHATHBIM OCSM 3-MepHOro IpOCTPaHCTBa, U
CKOPOCTH 00BEKTOB B 3TOM TMPOCTPAHCTBE MO-TIPEKHEMY MOTYT CUMTAThCS paBHBIMH HYJIIO.

TakuM o0pa3oM, HCIOAb30BaHWE B MOJENM paciivpsitoiieiicss BceneHHON MeTpuKu, He
YUUTBIBAIOIel 3aBUCHMOCTh MacIITaOHOro (akropa OT BpeMeHH, MPHUBOJAWT K MCKIIOUEHUIO U3
pPacCMOTpeHHs1 KUHeTUYeCKOW U MOTeHLMabHOM SHEPruM Tejl, a yuyeT 3TOM 3aBUCHMMOCTH BBOJUT
VX B paCCMOTpEHME U JlaeT MPOCTOe BbIpaKeHHe JI/Is1 3aKOHAa COXPAaHeHHsI MeXaHUYeCKOU SHepruu,

OTHOCsIIIeecs: K JitoOOMy MaTepuaibHOMY 00BeKTy BcesieHHOM.

5. Brblno/sHeHHe 3aK0HaA COXpaHEHUSA JHEPrumn 06[11@171 TE€OPpHUH OTHOCUTE/IBHOCTHU

Bripaxkenue (18) 11o3BosisieT BHIYUCIUTE CKOPOCTh Tepejlauid SHepruy TPaBUTAL[MOHHOTO TI0JIS
(Uy) matepun (Ex) B equnMIly BpeMeHU U B efuHuIle ob6bema (Dg) ¥ COMOCTaBUTH ee C HY/IeBOUH
KOMITOHEHTOM TeH30pHOro paBeHcTBa (1).
De=d (Up)/dt =-d (Ey/dt = - d/dt[puV/2]; (19)
r/le | - CpeiHsIs TJIOTHOCTD (Macca B eJUHUIle 00beMa),

Ons ynpoienusi 3anuiieMm (1) B Buje:

Ago - Boo = 0; (20)
rje /s OZIHOPOAHOM U30TPOITHOM BeesieHHOM B COMYTCTBYIOIIEH CUCTeMe KOOpAWHAT

Aw = (IN-)A[ T V-gl/ox’; (1)

Boo = (1/2) dgoo/dx° T®. (22)

x" = ct, V-g=V(1-a"%)a’sin’ sin®.
Hy/ieBble KOMIIOHEHTbI CMEIIAHHOTO M KOHTPABapMaHTHOIO TEeH30POB SHEPrUM-MMITY/IbCa
COIJIACHO BBIPAKEHMSIM /ISl TEH30Pa SHePTUU-UMITYJIbCa CIIOIIHBIX MAaKPOCKOMMueckux Tei [1], ¢

y4ueToOM TOro, 4To AaBJ/I€eHHE MOXKeT OBITH IMMPUHATO PABHBIM HYJIIO, OIpPeAe/ATCSA BhIDA>XKEeHUAMM:

T’ = e(dxe/ds)(dx%ds) = e; (23)

T = g(dx%ds)(dx%ds). (24)
[l71st HeTIOABMKHOTO 00BEKTA B COIMYTCTBYIOIIEH cricTeMe KoopauHat dx'=dx*=dx’=0 u

ds = d(ct) V(1-a?); (25)
OTKy/ia

T = ¢/(1-a"). (26)
[Mogcrasss (23),(26) B (21),(22), cyuetom X = 0 = const u 0x° = d(ct) moayurm

Ag = (1-a*)"%a” 0/0(ct)[e(1-a"*)"%a’]; (27)

Bo = (1/2)e(1-a®)* d/0(ct)[(1-a?)]; (28)

IInoTHOCTB JHeprunu &€ B pacmupﬂ}omef/lm 3aKprT0171 BcenenHol 3aBHUCHUT OT BpeMe€HH U

CBsi3aHa C ee TIO/THOM Maccoit M BbIpakeHHEM



€ = pc® = Mc/Va = Mc?/2na’, (29)
[ToacraBnss (29) B (27),(28), u cuutas maccy BceneHHolt M MOCTOSIHHOM BeMUMHOM, KOTOpast

MO>KeT OBLITh BbIHECEHa 3a 3HakK HPOH3BO,[[HOI>'I, nojay4dyaemMm

Ag = Mc*2m*)(1-a%)y"a” a/0(ct)[(1-a")"]; (30)
Bo = (1/2)(Mc*/2na®)(1-a')" 0/0(ct)[(1-a")]; (31
MuddepeHippys U yrpolias, OKOHYATeIbHO MOMYUYUM
Ay = - (Mc*2m*)(1-a®)"a” a'a"; (32)
Bo = - (Mc*/2n?)(1-a%)"a™ a'a" = Ag; (33)

WTaK, 3aKOH COXpaHeHus 3Hepruu B popmymipoBke (1) mpu goo = (1-a™) BbIMOMHSAETCS.

6. CpaBHeHHe CKOPOCTe#l nepefaun SHePruuv

Teneps paccuntaem Dg . IMoacraBnss B (18) p u3 (29), monyunm
D= - d/dt[pV2/2] = - d/dt[(M/21%a*)(c*a%/2)] = - (Mc*/21%) d/dt[a”a%/2] =

= - (Mc?2m*)c d/d(ct)[a”a'/2] = - (Mc*/2n)c[a”a'a" - (3/2) a“a"]; (34)

[Tockoneky (18) mosiyyeHO A1 Mpefie/IbHOTO Cydas MajbIX CKOpocTeM, rnosaras a'— 0,
nipeHeOpe>KeM BTOPBIM C/laraeMbIM ¥ OKOHUATe/TbHO MOy UYHM:

D= - (Mc%/2m)c[a®a'a"]; (35)

yTo coBragaeT ¢ (32),(33) ¢ TOUHOCTHIO ZI0 COMHOYKUTEJISI C, TIOSIBUBILIETOCS TIPU TIepexofie
OT TepeMeHHOM t K X =ct.

[TpoBepyM 1O pa3mMepHOCTH. Pa3MepHOCTb 3HEPruM, MepelJaHHON B eAuWHUIe o0bema B
eMHULYY BpeMeHH [Kr'm™c], uTo coBmazaer ¢ pa3smMepHOCTHIO npaBoi yactu (35). Hecosnagenue ¢
(32),(33) oOmwsicHsieTCsl, OUEBHAHO, TeM, UTO 3TH BbIpaKeHUs ObUTM TO/MyUYeHbl [IJis eJUHULIbI
BpeMeHHU (ct) B mpe/rionoykeHun c=1. C yueToM 3TOro M IoJiarasi, UT0 COOTBETCTBHe MexXJy Boo U
Dg felicTBUTE/IbHO He TOJIBKO 151 a'— 0, momyuyum:

Ag = By =Dg = - (Mc*/2r°)(1-a%)"a” a'a"; (36)

WTak, MeTpuKa OJHOPOJHOM W30TPOIHOW pacluupsollelics BceneHHOW, mosyueHHasi C
YYeTOM 3aBUCUMOCTH MacIiTabHOro dakropa ot BpemeHH (12), yZ0BIeTBOPSIET 3aKOHY COXPAHEHUS
3Hepruu o0iiedl Teopuu oTHOCUTELHOCTU (1), M CKOPOCTh Tiepesiaud SHepPruM rPaBUTALIMOHHOTO
TI0J1s1 MaTepUH B e[IMHHULy BpeMeHHU U B eZiUHMLe 00beMa, BbITeKarolas U3 (2), COOTBeTCTBYeT 3TOU

Be/IMUMHe B 3aKOHe coxpaHeHUs 3Hepruu (1).

7. BpIBOjJ ypaBHeHUH NOJIA.
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5151 BbIBOZIa YpaBHEHUH M0Jisl, COOTBETCTBYIOLIMX MeTpuKe (12) c nmepeMeHHbIM 3HaueHUEM
800, BOCIIOJIb3yeMCsl TIPHeMOM, KOTOPbIH OB/ MCTIOMb30BaH B [2] fJisi 1osyueHusi ypaBHeHUM T10JIst
CTaHZAPTHOM KOCMOJIOTMYECKOM MOZie/I B lapaMeTpUUeckoM BH/ie, I/le BMeCTO BpeMeHU BBOJUTCS
rnapaMmeTp |, orpezie/isieMblid COOTHOLLEHUEM:
cdt=adn. (37)
37ech t - BpeMsi, C - CKOPOCTb CBeTa, a - MacIITabHbIN (akTop, 3HaueHHe BPEMEeHHOTO KOMITOHEHTa
METPHUYECKOro TeH30pa gy = a’.
Ecny 3anucath cooTHomeHue (37) Kak:
cdt=bdn; (38)
rje b - Hekast lepeMeHHast BeJIMUMHa, UMeIOIIast, KakK ¥ MacIITaOHbIA (akTop, pa3MepHOCTb [JJIUHBI,
HO, BOOOIIle FOBOPS, He paBHas a, MOJYYnUM go = b, U BbIUKMC/IEHHE KOMIIOHEHTOB TeH30pa Puuun

[/l pellieHysl ypaBHeHH DWHIITelHa B 3aKpbITOM Moieny BceneHHoM aHanoruuHo [2] gaet:

Ry = (3/ab)-(a’b’ - a"b); (39)
Ry = a"a/b* +2a“/b’ - aab'/b’® + 2 ; (40)
Ry = (a"a/b? + 2a”/b* - aa'b'/b® + 2):sin’y ; (41)
Rs; = (a"a/b? + 2a'*/b” - aa'b'/b® + 2)«sin’y+sin’0); (42)
R = (-6/a%)«(a + a"a*b’ + a"*a/b’ - ab'a’/b’). (43)

[TopcraBnss (39)-(43) B ypaBHeHMe DWHINTEWHA B CMeEIIAaHHBIX KOMITIOHEHTaxX W YIpollas,

roJiyyaeM aHaJI0rM4HO [2] ypaBHeHUe 1101 3aKpbITol BeesieHHO B BUjie
a*/b? - T%(8nG/3c%a* +1 =0; (44)
rae a' = da/dn.

Ecmu B (39)-(44) nonoxuTk b=a, 0HM COBMaZalOT C MOYYeHHBIMU B [2] BbIpayKeHUsIMU ISl
CTaH/IJapPTHOM KOCMOJIOTUUECKON MOjie/li B MapaMeTpUuyecKoM MpefcTaBjieHu. Ecau TMoIoXUTh
b(t)=const=1, dn=cdt, momyuum wmeTpuKky (2) u ypaBHeHUe (44) TMpeACTaBUT 3aBUCUMOCTh
MaciuTabHoro ¢akTopa OT BPEMeHH [ijisi CTaHJAPTHOH MOJZIe/I He B MapaMeTPUYeCKOM, a B SBHOM
suge. [Topcrasnss T = €, mosyunm /st 3aKpeITON BeesieHHolM ypaBHeHue

a” - (8nGe/3cha* + 1 =0; (45)
rae G - rpaBUTaLIMOHHAs TIOCTOsIHHASA, a' = da/cdt . YpaBHeHue Jijiss OTKPBITOM MO/ie/I OT/INUYaeTcst
TOJIbKO 3HAaKOM CBOOOIHOTO uJieHa:

a? - (8nGe/3c%a*-1=0. (46)

3AMEYAHUE OF OTKPBITON MOJEJIU: Omkpbimas Modeab, 8 omauuue om 3aKpbimoii,
onucbieaem BceneHHylo 6eckoHeuHo20 npocmpaHcmea, umo npudaem eli OONOAHUMENbHYHO
npomugopeuus8oCmb, C8A3aHHYIO C MeM, YUmo 8 6eCKOHeUHOM NPOCMPAHCmMee MOXCHO NPOU3B0/bHO
8bl0eNUMmb CKOAbKO Yy200HO obaacmell, y0081emeopsowjux Yca08ul0 CAMO3AMbIKAHUS NO
IIgapywuabdy, mo ecmb 3AKpblMblX, YMO NpOMUBOpeYUm OMmKpbIMOMY xapakmepy mooeau. B
ceA3uU C smum 8 OdabHelilleM paccmMampuedem mMOAbKO 3aKpblmylo Molenb BcenenHol. B
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OanbHeliwem 6ydem noKazaHo, Ymo npu NOCMpoeHUU MOOeau, OCHOBAHHOU Ha mempuke (12)
BcenenHas ocmaemcs 3akpbimoli npu A0601 nfomHocmu Mamepuu.

BoipaxxeHue (44) mo3BosisieT MOJyUYWTb YypaBHEHHWe, OIMMChIBarolllee JUHAMHUKY pa3BUTHS
BcenenHoii u gyist b(t) # const. [TogcTaBuM cooteTcTByolee (12) 3Hauernue b*(t) = (1-a%).
a%/(1-a®) - T°%(8nG/3c")a* +1 = 0; 47)
Bripasum T’ uepe3 € wu3 (23), a € - uepe3 00beM MPOCTPAHCTBA U MacCy BcesenHoir M

cornacHo (29). Ilopcranss B (57), Mo/iyudM ypaBHeHHe TI0JIS1 B BUZE
2ap/a= 1+ a*/(1-a"); (48)

r7le KOHCTaHTa
a0=2GM/3nc’. (49)

BBezist OTHOCUTe/IbHYIO BeJIMUMHY MaciiTabHoro gakropa o = a/2ap, Iomyuum

a' = da/cdt = (1-a)"?; (50)
OTKy/a
dt = (2a¢/c) da /(1-a)">. (51)

8. Bompoc o cucremax orcuera

[Tpu paccmoTpeHuu BcesieHHOM Kak paciivpsitoiiieiicst runepcdepsbl B 4-MepHOM eBK/IWJOBOM
TIPOCTPAHCTBE, B KOTOPOM /IeHiCTBUTE/TIbHBI TIPEZICTAB/IEHHsI O CKOPOCTH U YPaBHEHUS CTelUaTbHOU
TeOPUH OTHOCUTETbHOCTH, MOXXHO PacCMaTpUBaTh JBe CUCTeMbI OTCUeTa:

- cucTeMa KOOpJMHAT, CBsi3aHHasi C LIeHTPOM MacC BceneHHOW, pacrnonoXeHHbIM B
reoMeTpUUecKOM IieHTpe Turiepcdepsl,

- CUCTeMa KOOpJWHAT Hab/rofiaTesiss, pacrojio)KeHHOT0 B KAaKOH-TO TOUKe TOBEPXHOCTH
ruriepcdepbl U HETOABUYKHOTO OTHOCUTETbHO 3TOW TOUKH.

[TOCKOJIBKY 3TH CHUCTEMbl KOOPWHAT B KaXK/IbIi MOMEHT BPeMEeHU JBMKYTCS 110 OTHOIIIEHUIO
Ipyr K Jpyry C OTHOCUTENbHOW CKOpPOCThIO [=v/c=a', CKOPOCTH TeueHUs] BpEMeHH B HHUX
pa3znnuHbl. K Kakoi U3 HUX OTHOCUTCS BXO/IsAliee B ypaBHEHUsI T10/1s Bpems t?

Ecmu t ecTh BpemMss B CHCTeMe KOOpJAWHAT HaO/roaTesss Ha TOBEPXHOCTH Turiepcdepbl
(0603HaumM ee K), To cobcTBeHHOe BpeMs t. LieHTpa ruriepcdepsl, y/jaistolerocs OT Hab/roaarers
C OTHOCHUTETbHOUM CKOPOCTBIO [3 = a', oTipeie/IuTCs BhIpaykeHreM YaCTHOM TeOPUHM OTHOCUTeTbHOCTH

dt. = dt (1- B»)"* = dt/y; (52)
rje

y= (-, (53)



9

O/IHaKO 3TO He UMeeT KaKOro-HUOy/b MPAKTUUECKOrO 3HAuUeHWs, T.K. HAaOJIIOZIeHNs U U3MepeHuUs
TIPOM3BOJATCS B TOM >Ke cucTeMe oTcueTa K, K KOTOpOH OTHOCSTCS OMMChIBarolie BceneHHYHO
ypaBHeHMsI. 3aMeTHM, YTO 3TOMY BapUaHTy CBOMCTBEHHA OTMeUeHHasi BbIllle MPOTUBOPEUHNBOCTE.

B NMpOTHBOII0/I0KHOM C/Ty4yae BXO/sIllee B YPABHEHUS TOJIST BpeMsl t OTHOCHUTCSI K CHCTEMe
KOOpAUWHaT 1jeHTpa rurepcdeps! (1jeHTpa Macc) K, ¢ KOTOpoii CBsi3aHbI 4achl, yAa/stOLIHAecs OT
HabJro/1aTes1si Ha TIOBePXHOCTH pacIIvpsitolelics Turepcepbl ¢ OTHOCUTeTBHON CKOPOCThIO B = a'.
B 3TOoM ciydae t ecTh COOCTBEHHOe BpeMsl [BMDKYIIMXCS UaCOB, HaXOJSAIIMXCS B I[eHTpPe Macc,
CBSI3aHHBIX C BDEMEHEM tops B CCTEME KOOPAMHAT HaOJTIoZaTesIst BhIpaXKeHUEM

dt = dtens/y. (54)

OTmeTHM, UTO TIPU TaKOM TMOZXO/ie COIMyTCTBYIOIasi CUCTeMa OTCUeTa CTAHOBUTCS 4-MepHOM
U, TO-TIPE’KHEMY PACTSTUBAsICh BMeCTe C 3-MePHBIM MPOCTPAHCTBOM - TIOBEPXHOCTBIO TUTiepcdepsl,
nprobpeTaeT IEHTPA/bHYIO TOUKY, TP B3I/isA[e M3 KOTOPOH MbI IE€PeXOJUM OT 3-MepHOU
COTYTCTBYIOL[eH CUCTeMbI OTCYeTa, MCK/IIOUarollell M3 pacCMOTpPeHUs] KMHEeTHUUECKYI0 SHEepTHIo
paciIupeHys, K MHepI[Ua/JIbHOM CHCTeMe OTCueTa, HeroABWKHOM OTHOCHTE/ILHO 1leHTpa Macc. [Tpu
3TOM B pPAacCMOTpPeHHe BK/IIOUAeTCs JHepPrusi paclidpeHusi, T.K. BCS MaTepusl [JBWKETCS
OTHOCUTEIbHO 3TOM CUCTEeMbI OTCUeTa CO CKOpOCThIO [3 = a'. PaccMoTpeHHOe BbIilie TPOsiB/IeHUE
3aKOHA COXpaHeHUsi MeXaHWUeCKOW SHeprud B MeTPUUeCKOM TeH30pe TIO/TBep>K/aeT
TIPABOMEPHOCTb  TaKOW CHUCTEMBI OTCUeTa, T.K. TIOTeHIMa/ibHas JHEprusi MaTepuM B
IPaBUTALIMOHHOM T[10Jle UMC/IEHHO paBHa (CO 3HAKOM «-») ee KMHeTHUYeCKOW SHeprud UMeHHO B
cucTeMe 1jeHTpa Macc.

[TIpu 3TOM YyClOBHe W30TPOMHOCTH 3-MEPHOIO0 MHpa COXpaHseTCsl, T.K. pacliipeHue

MPOMCXOJUT B HarlpaBJ/ieHUH, TIepPIieHJUKYJ/ISIPHOM BCEM ero NMpOCTPAaHCTBEHHBIM KOOPAWHATaM.
9. B03MO)XHOCTb yueTa KHUHeTHUeCKO! IHepruu paciiupeHus.

B cucreme K. Macca KaxJoro maTepuaJbHOrO 37emMeHTa BceneHHOM oripefenvTcs
BbIp&)KeHUEM YaCTHOM TeOpUM OTHOCUTE/IbHOCTH

m' = m(l_BZ)—llz; (55)

rge B - ero oTtHocuTenbHasi ckopocTb. Ho Bce 00ObekThl BceneHHOMN [BWXKYTCSI OTHOCHTETBHO
L|eHTpa runepcgeps! C OJHUM U TeM >Ke MOJYJIeM OTHOCUTeTbHON CKOPOCTH, PaBHBIM a', I03TOMY

¢opmya (55) MokeT ObITh OTHECEHA K Macce BcesieHHO# B Lie1oM:
M' = M(1-a?)"? = yM. (56)

Torpga macca M B ypaBHEHHH 1107151 O/DKHA ObITH 3aMeHeHa Ha M' = yM, 4TO 9KBUBAJIeHTHO 3aMeHe
KOHCTaHThI ap B BbIpaKeHUU (48) mpou3BeZieHMeM Yao. BBITIONIHKUB 3Ty 3aMeHy M YUYMTbIBAsi, 4TO

3HAMEHATEJ/Ib BBIDA>XKEHHUA B HpaBOI‘/JI YACTH TaK)Ke MOXKET OBbITh BbIDa>X€H 4uepes3 Yy, Io/IyUYruM:
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(2ag/a)’ = o=y ? (57)

OTKYy/la, noAcTaBss (53), MoayuydM ypaBHeHHUe, orpejersitollee AUHAMUKY pa3BuTUsi BceseHHOM

st MmeTpuku (12), B BUe:

a'=da/cdt= (1-0%)"; (58)
OTKyJa

dt = (2ay/c) da /(1-0®)". (59)

10. BripakeHHe CKOPOCTH pacIiMpeHHsi 4yepe3 Ha0/oiaeMble Be/TMYHHBI.

CBsDKeM CKOpOCTh pacimpeHust rurepcdepsl a' ¢ HabmogaeMbiMi BemnurHaMyd. CKOPOCThb

yJaneHusi OObeKTOB B 3aBUCMMOCTU OT PACCTOSTHUS 3a/]aeTCsi TOCTOsSTHHOM Xab0i1a, omnpesiensieMoi

Kak
H = (1/a)(da/dt). (60)
BeipasuB a uepe3 a u da/dt uepe3 a', momyuum:
H = (c/2ap0) a'; (61)
ao= 2GM/3T1ic* = (2G/31c?) 210’ ) = (2G/3T1C?) 210 (2a00) 5 (62)
T/ie | - IVIOTHOCTh MaccChl. PasziesvB obe yacTy Ha a,° ¥ rpeoOpasysi, TI0JyUrM PaBeHCTBO
(c/2a0x) = (BTGp/3)"* 2. (63)
[ToacraBnsst B (61), momyunm
H= (8NGu/3)"*a'? a; (64)
OTKyZa
a' = a? (3BHY/8NGp)"2. (65)

Ormeuas, uto (3H?/8TG) npecTaBisieT cOO0M BHIpOKEHUE [IJIsi KPUTUUYECKOM TUIOTHOCTH |, U
BBO/ISI OTHOCUTEJIbHYO IVIOTHOCTh
Q= p/pg (66)
TIOJTyUYrM BBIPa)KEHHe, CBS3bIBalOlljee CKOPOCTh PACIIMpeHHst a' ¢ HabmoJaeMbIMU BeTMUMHAMU
H wu p, BeIpa)keHHBIMU Uepe3 OTHOCUTE/IBbHYIO IJIOTHOCTh {2, B BUJE

Q' = a2 Qi (67)
11. YpaBHeHHe /11 OCHOBHBIX IapaMeTPOB 3aKpbIToi BceneHHoM

[ToncraBuB (67) B (58), mosyurM BbipaXkeHUe
Q= o'(l-o?)Y (68)
TI03BOJIsSIFOIIIee HAWTH U3 HaOmojaeMbiX BemMuuH H U 1, BXOASAIMX B {2, OTHOCUTETBHYIO BeJTMUUHY
MaciTabHoro ¢akropa o u gamee u3 (63) BeIMUMHY KOHCTAHTBI dp TO €CTb OCHOBHBIE

reoMeTpyUyecKye napaMmeTpsl BeeneHnHoi:
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OpHako B 3akpbIToM Mojienu 0<a<1, OTKy/a mpaBasi UaCTh 3TOTO ypaBHeHHs Bcerja > 1, B TO
BpeMsi Kak JieBasi uacCTh, T.e. , cOryiacCHO Habsiro/jaTe/lbHbIM JaHHbIM, <1. TIpy 3TOM ypaBHeHUe
(68), Kak 1 aHalIOrMUHOEe ypaBHeHWe /Jisl CTaHJapTHOM Mo/ienu

Q= (1-a) (69)
He UMeeT JIeCTBUTE/TbHBIX PellieHU.

OTO TpPOTUBOpeure MeXJy Habsro/jaeMoil TUIOTHOCTbIO MaTepud U paBeHCTBOM (68)
TpeOyeT JanbHelliero paccMoTpeHusi. ITOCKOMBKY OHO CBSI3aHO C BEeJIMYMHOM KPUTHYECKOMH
TUIOTHOCTU ik, PAaCCMOTPHIM, He MOTYT JIM OKa3bIBaTh B/IMSHUE HAa ee 3HaueHHe C/le/laHHble paHee
BBIBO/IbI O CHCTeMaX OTcueTa. B BbIpakeHUe MJisi |k BXOAST [Be (Qu3nMueckue BeJIUUYUHBI -

rpaBUTaLMOHHAs NocTosiHHast G U noctosiHHast Xab6sa H.
12. TIpoBepka B/IUAHMSA IPABUTAIMOHHOMW MOCTOSTHHOM.

[IpyHLMN OTHOCHTENBHOCTH JWHINTelHa TpeOyeT HEe3aBUCMMOCTH OT CHCTEMbI OTCYeTa
OZJHOM U3 MUPOBBIX KOHCTAHT - CKOPOCTH CBETa, HO He HajlaraeT TaKWX >Ke TpeOOBaHHWi Ha Apyrue
Be/IMYMHBI, PaCCMaTpUBaeMble B KaueCTBe MHUDOBBIX KOHCTAHT, B TOM UHKCJ/Ie Ha TPAaBUTAL[MOHHYIO
TIOCTOSIHHY!0, BOTIPOC O TIOCTOSIHCTBE WJIM HEMOCTOSIHCTBE KOTOPOM AMCKYTHDYyeTcCsi yxke Ooree
TI0JTyBeKa.

PaccMOTpyUM 3TOT BOMPOC C TOYKMA 3peHHsl ABYX CHUCTeM OTcueTa - HaOmojarens Ha
noBepxHoctu runepcdepsl (K), u nenrpa runepcdepst (Ko, yaanstomierocs ot Habmroparess
OTHOCHUTE/IHOM  CKOpPOCTbIO [(=a' B  HampaB/eHWH, T[epreHJUKY/ISIPHOM BCEM  TpeM
MIPOCTPAHCTBEHHbIM KOOPJMHATaM.

MbI u3MepsieM T'DaBUTAIlMOHHYIO TOCTOSIHHYIO B CHUCTeMe KOOpAuHaT Habsozatens. Ecium
BpeMsi t B ypaBHEHHUSIX TIO/si eCTb BpeMsi B CUCTeMe OTcueTta HalOstofjaTesisi, ee 3HaueHHe B
yPaBHEHMsIX paBHO M3MepeHHOMY. Ho eciy ypaBHeHMs M0JIs1 OTHOCSATCS K CUCTeMe OTcueTa LieHTpa
rurnepcdepsl, Mbl JO/DKHBI TIPOBEPUTH, Oy/IeT /M BeJIMUMHA IPaBUTALMIOHHON TIOCTOSIHHOW MMETD B
3TON cucTeMe KOOpJMHAT, T.e. B ypaBHEHUsIX M0JIsl, 3HaueHue, PaBHOE M3MepPEeHHOMY.

OAns  storo paccMOoTpuM B cucteMax KoopauHaT K u K. mpocrtyro cucremy
B3aMMO/I€MCTBYIOIIUX TeJl, HallpuMep, TeJ0 Maccoi m, obpaiijaroiieecsi BOKPYT TIlaHETbl MacCou
M 1o kpyroBoii opbure paguyca R.

YcnoBue paBHOBeCHs Tejla Ha KPyroBOM opouTe:

Fgay = GMM/R? = Feene = ma’R; (70)
rZle o - yIJI0Basi CKOPOCTb, OTKy/a
G = @’R¥M = 4R’ MT> (71)
Bce BemunHel, otHOCsHecs: K K., Oyzem otmeuats uHgekcoMm (o). T.K. MIOCKOCTb BpalljeHust

TIepIeH/MKY/IpHa CKOPOCTH B3aUMHOTO y/aeHus cucteM otcyeTa, R= R, oTkya 4m°R? = const.
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G = const /MT>. (72)

PaccMOTpUM TIONyyeHHOe BbIpa)KeHWe C TOUYKM 3peHUsi 3aKOHa COXpaHeHWs MOMeHTa
umnysnsca (Mo = [R x p] = const). [Ins cucteMbl AByX TeJ C MaccaMd m U M, BpalljaroIyxcst
BOKPYT 00I1Iero 1[eHTpa WHEePI[UH 110 KPYTrOBbIM OpOUTaM

| Mo | = Mo = @R}(Mm/M+m); (73)
rje R - paccTosiHue Mex/ly LieHTpaMH Macc, ® - YIJIoBasi CKOPOCTb BpalleHHsl.

[MIpu M>>m, cyuetom (71), noayuum

Mo = wR’m = m(GMR)"3; (74)
OTKyZa
G = Mo?/ Mm’R = const /Mm?. (75)

Tenepb pacCMOTPYM COOTHOILIEHUsI BCeX BeJIMUMH, BXOJSIIUX B MMOTy4YeHHbIE BbIDA)KEHUS, B
cuctemax orcyera K u K.. Kak mbI yxe otmevany, . =1; Rc =R. Paccmorpum T, M u m.

B cooTBeTCTBUM C BBIBOJIOM, C/le/laHHBIM pacCMOTPEHMH BOIIPOCa O CHUCTeMax OTCYera,
CUMTaeM, UTO YPaBHEHUs I0Jii OTHOCSATCS K cucreme KoopauHaT K. VIHTepBan coOCTBEHHOTO
BpeMeHHM 3TOH cucTeMbl dt CBsi3aH C MHTepBasioM BpeMeHH dt.,s B ccTeMe oTcueTa Habmozarens K
Kak dt=dt./y (54). CooTBeTCTBEHHO nepro/, BpeMenu T, n3MepeHHsIN B crcteMe otcueTa K, Oyger
CBsi3aH CO 3HaueHWeM B cucTeMe K. COOTHOIIeHHEM

T. = Th; (76)

W3 cpaBHenust (72) u (75) nonyuaem, uto nepuog T U macckl m, M B pacCMOTpPEHHBIX
TipyMepax U3MeHSIFOTCS TIpU T1epexo/ie OT OJJHOW CUCTeMbl OTCYeTa K IPYroi 1o 0JHOMY U TOMY e
3aKOHY, OTKY/ja

M. = M/y; (77)
G. = const / M T2 = y® const / MT*= G y>. (78)

13. IlpoBepka BIUSHHUS NOCTOSIHHOM Xa00.1a.

CKOpOCTb JBW>KeHUS Hab/mo1aeMoro 00beKTa OTHOCUTEIbHO Hab/r01aTe sl paBHa Pa3HOCTH
BEKTOPOB CKOPOCTH PpacCIlUPEHUs] TUIEPIIOBEPXHOCTH B 4-MEpPHOM TIPOCTPAHCTBE B TOUKaXx
pacriosyioykeHust HabmojaeMoro oobekTa 1 Habsogarens. Moaynd 3TUX BEKTOPOB  [ijist J000M
TOukM BceneHHOM B mpeHeOpe)keHWHd COOCTBEHHBIMUA CKOPOCTSMH TeJl UMEIOT 3HaueHue 3 = a', a
HarpaB/IeHUs] TIepHeHJUKY/ISIPHBI K THUIEepPIOBEPXHOCTH. T.K. MbI pacCMaTPUBAeM TOJILKO
paguanbHbie mepemeirienus, (0=¢=0), MoxeM rpaduuecku u300pasuTh MoOJeNb 4-MEpHOro

TPOCTpPaHCTBa B 2-MepHOM ceueHuu (Puc.1).



13

\4

Hab6nropaTens

Ceuenue
rurnepcdepbl

Puc. 1. /IBymepHOe ceueHre 4-MepHOT0 €BK/IMZOBA IMPOCTPAHCTBA C TUriepchepoli paanuyca «a». YTioBas
KOOpZYHATA X XapaKTepu3yeT y/ajeHue TOUKW THUIepPIIOBePXHOCTH OT MeCTa PacroJioyKeHHUsi Habmozaresist
(uepHast Touka). Bektopsl Vo1 Vi - CKOpOCTH JBW>KeHUsT Habmofarens U Habmogaemoro oobekTa. Bekrop
V - CKOpOCTh [JBW>KeHUsI 00BeKTa OTHOCUTeTbHO HabmroaTers.

Cymma BekTOpoB Vi M -V, 10 GopMysiaM peysiTUBUCTCKOTO CJIOXKEHHUsSI CKODOCTeH faeT

BbIDpaKe€HHUE /11 3dBUCHMMOCTU CKODOCTH Y a/IeHUA V o0beKTa ot KOODAHWHATHI X

VAX) = c*B(2 - 2-cos(x) - sin’(x)- B7) / (1 - B*cos(x))’; (79)
[Tepexops K nipefeny x — 0, onydaem
VO - cBx/(1- )" (80)

BbIpa3uM MpOCTpaHCTBEHHOE paccTosiHue D uepe3 yryioByro kKoopawHaTy X (D = a«x) #

YUUTBIBast, UTO [3 = a', O/TyuuM:
V(D) =dD/dt = ca'(D/a)/(1- a*)"* = (ca'/a) Dy = HDy; (81)
rae H - nocrosiHHas Xab66:ma.
O603HauuM KO3(PUIMEHT TPOMOPIMOHAIBHOCTH MEXIY HaO/H0[aeMOM CKOPOCTBIO yZAaeHus]
00BEKTOB U pacCTosiHUeM [0 HUX KaK Hons = Voo/D U BbIpa3uM ero yepe3 MoCTOsSIHHYIO Xab0s1a
u3 (81) c yuetom (54):
Hos = (1/D)(dD/dtgs) = (1/yD)(dD/dt) = (1/yD) HDy = H.(82)

Takum obOpa3oMm, 3HaueHUs TIOCTOSTHHOW Xab0sa B cucTeMaxX KOOpAWHAT Hab/rofaTesss U IieHTpa
runepcdepbl UMCIEHHO OAMHAKOBBI W 3Ta BeIMUYMHA HE OKa3blBAaeT B/IUSHUA Ha 3HAUYEHHe

KPUTHUYECKOM TVIOTHOCTH.
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14. B Kako# cHCTeMe 0TCUeTa MOCTOSIHHA rpaBUTAIlUOHHAA MOCTOAHHAsA?

['paBUTaLIMOHHAS TIOCTOSIHHAsI BXOAUT B MCXO/JHbIE ypaBHEHUs MOJisl. Mbl YCTaHOBW/IH, UTO
ee 3HaueHHe B CHCTeMe KOOpZMHAT LieHTpa MacC BcesieHHOW OT/MYaeTcs OT 3HayeHUs B CUCTeMe
KOOP/JMHAT HEMOJBWKHOIO HaO/MIOJaTe/Iss U CBA3aHO C HUM KO3(PQUIMEHTOM Y, 3aBUCAIMM OT
CKOPOCTH pacClLlMpeHus, T.e. U3MEHSIIOIIUMCS BO BpeMeHU. B CBs3M C 5TUM BCTaeT BOMNPOC, B KAKOU
13 3THUX CUCTeM OTCueTa I'PaBUTALIMOHHAS MIOCTOSIHHASK TOCTOSTHHA?

Eciu oHa mocTosiHHa B cucteMe otcyeta Habsmozparens (G = const), To OyzeT repeMeHHOMN
B cucTteMe oTcyera LieHTpa Macc (G¢ # const), K KOTOPOM OTHOCATCA ypaBHeHus Moss. Toraa Mbl
JIOJKHBI y4eCThb NepeMeHHOCTb 3TOM BeJIMUMHbI, TIPOU3Be/s B UCXOJAHOM ypaBHeHUU (57) 3ameHy
G - G.= Gy

IMepexox G — G. B ypaBHenuw (57) mpuBefeT K 3aMeHe ap — apc=aoy’. [lepeiigs 3aTem oT
IepeMeHHOU @' K IIepeMeHHOM Yy M YIIpoLas, OIyYUM PaBeHCTBO:

a=y’, (83)
KOTOpOe He BBIMOMHseTCA nMpyu BceX « # 1. Takum obpa3om, TperosiokeHrHe O TOM, UTO
Be/MurHa G MOCTOSTHHA, TIPUBO/IUT K MPOTUBOPEUHIO U SIBJISIETCS OIIMOOYHBIM.

PaccmoTtpum ripoTuBono/ioxHbi BapuaHT ( G.=const, G#const ). B 3ToM ciiyuae Bxozsiijas
B YpaBHeHUs BeJIMUMHA TPaBUTALIMOHHOM MOCTOSIHHOM G OCTaeTcsi KOHCTAaHTOW, U ypaBHeHHe (57)
Y BbITeKarolllie 13 Hero 3aBUcuMocTH (58),(59), onpepesnsitoiiiie JUHAMUKY pa3BUTUSI BceneHHOM,
ocTtaroTcsi HensaMeHHbIMU. Ho BeipaxkeHUe (68), cBsisbiBatollee U3MepeHHOe 3HaueHre G C TeKyLum
3HaueHWeM «, JJO/DKHBI COZiepyKaTh 3aBuUCsiIlee OT & CooTHolleHue Mexay G u G..

C —

[MogcraBum G B Beipakenre 1yist px (= 3HY/8TG, ) 1 BBIpasuM ero uepes U3MepseMoe

3Hauenve G u3 (78). DTO NMPUBOIMT K 3aMeHe | — "= pi/y>(x).

[MopcraBnsisi B (68), monyunm:

QY = a'(l-a)'. (84)
U ¢ yuetom (57)
Q = (1-a)'a % (85)
a=Q" (1+Q) 2 (86)

PaBeHcTBa (85),(86) melicTBUTebHBI He TOJBKO TpU Q > 1, HO u nipu Q < 1. [IpoTuBOpeune
MEXY TeOpeTHUYeCKUMH COOTHOIEHWSIMA W HaO/ro/laTe/IbHIMU JIaHHBIMH, XapaKTepHOe [IIst
CTaH/IapTHOM MOZe/IM, B 3TOM C/Iyuae OTCYTCTBYeT, M BcesieHHasi 0CTaeTcs 3aKPBITOM MpH JIF0O0i
OTHOCUTETbHOW TIJIOTHOCTH MaTepHH.

[MoacraBnsisi B (63), HOMyYMM BbIpaXKeHHsI JJ1s a U a:

ap= (c/2H) Q ~(Q+1)**, (87)
a = (c/H) Q 4(Q+1)". (88)
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PaccuutanHbie 110 ¢opmysie (88) 3HaueHusi mMaciuTabHOro (akTopa A/l pa3HbIX 3HAUeHUH
cpeaneid motHoctu (0,03<Q<0,4) nexxar B guarna3oHe ot 40 go 400 mapa. cB. JieT, uTo
CYLL|eCTBEHHO TIpeBbIIIaeT MOPOr BUJUMOCTH U COIJIaCyeTCsi C COBPEMEHHBIMU TIpe/ICTaBIeHUsIMU

0 MPaKTUYeCKU IJIOCKOM MIPOCTPaHCTBe.
15. lunamuka pa3Butusi BcesieHHO# B cucTeMe 0TCUeTa HaO/II0/aTes s,

PaccMOTpUM [WHAMHUKy paciiMpeHusi BceneHHOW B cucTeMe OTCYeTa HeToJBKHOTO
Habmrozaresisi. Bpems t CBsi3aHO C BpeMeHeM tq,s B CHCTeMe KOOpAWHAT HabstoaTessi BbIpaykeHreM
(54). TlogcraBuB B BhIpaxkeHue asi dt (59), c yuetom (57) mosiyuuM BbipaskeHUe Ajist dtohs(0) B
BU/IE:

dtos = (2a0/c) da / [a (1-02)"]; (89)
Wuterpupyst (59) u (89), monyuum aHalWTHUeCKUe BbIpaXXKEHUS [/ t(0) U tons(QX), U
oOpaTHbIe K HUM 0(t) U Q(tobs), OTIPEZEISIONIVE AMHAMHUKY PacIIUPeHUs: B CUCTeMe OTCYeTa IIeHTpa

runepcdepsl U B CHCTeMe OTcueTa Habmogaresis:

T(a) = arcsin (a) + C; (90)

a(t) = cos(t); (91)

Tobs(®) = In(a/(1+V(1-0%))+C; (92)

O(Tobs) = 1/Ch(Tobs); (93)
rae

Tobs = (€/280)tobs (94)

T = (c/2ap)t, (95)

OTCYeT T U Tobs MPOM3BOJUTCS OT MOMEHTa MaKCHUMasbHOTrO paciivpenusi (a =1).

3aBUCUMOCTU 0(T) U (Tobs) TPapuuecky ToKa3zaHbl Ha Puc.2. Ha kpuBou o(Tes) OTMeUueHbI
TOUKHU CErO/IHSIIIIHETO COCTOSIHUS BcesileHHOM /1St TUIOTHOCTH, TTPUO/IM3UTEIEHO PaBHOU MJIOTHOCTH
BuarMor Marepuu (€2=0,03) — cBeT/IbIM KPYXKOK, M [i/I1 MAaKCMMabHOTO 3HAUeHHUs TJIOTHOCTH C
y4eTOM HeBUIUMOM TeMHOU MaTepuu (Q2=0,4) — TEeMHBIN KPY’>KOK.

Pacivpenue B cucteMe oTcyeta Habmro/aTe s IPOUCXOAUT TI0 3aKOHY TUriep0bomueckoro
KOCeKaHCa, BpeMsi >KW3HU BcesieHHOW B 3TOM CUCTeMe OTCUeTa OKa3biBaeTCsi OeCKOHeuHbIM, a
TI0/TyYeHHbIe U3 HaOJTIOaTeTbHBIX JaHHBIX 3HAUEHUS CPe/IHEH MJIOTHOCTH MaTePUX COOTBETCTBYIOT
3aKpbITOW MOJleid BcesleHHOW Ha 3Tare YCKOPEHHOrO paciivpeHus (HWKe TOUKU Tieperuda,

JieXartei Ha 3ToM KpuBoM mpu o = 1/V2).
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Puc. 2. /TuHamMyKka pacuiipeHusi 3aKpbITOM BcesieHHOW € y4eToM 3aBHCHMOCTH MacIITabHOro
(akTopa oT BpeMeHH (goo= Y ) B Pa3HbIX CUCTEMax OTCUeTa. Bpemsi BbIpaKEHO B OTHOCHTE/IBHBIX eJUHULIAX
T = (c/2ap)t ¥ OTCUMTHIBAeTCS OT MOMEHTa MakKCuMaabHOro paciivpeHusi (o =1). Ha KpuBOU O(Tops)
OTMeYeHHbI TIOJIOXKeHUsI CeroHAIIHeTo cocTosiHUs Beemennow pu Q=0,03 (cBeT/biii Kpy»KOK) U mipu Q=0,4
(TemHBIN KpY»KOK). KpecToM oTmMeueHa Touka repervoa.

16. OcHoBHBbIE 0C00eHHOCTH MOJUPUIMPOBAHHON MO/Ie/TH

[TocTpoeHre Mofend OFHOPOJHOW M30TPOMHOM paciMpsitoleiicss BceseHHONW Ha OCHOBe
METPUK{, VYWTHIBAIOLEM 3aBUCHMOCTh MacluTabHOro (akropa OT BpeMeHH, IIpuBena K
MOZ(UIIMPOBaHHOM KOCMOJIOTHUECKON MO/IeNy, COOTBETCTBYIOIIeH 3aKOHY COXpaHeHUs! SHeprur
Y OMHUChIBaolleld BceneHHY!0, 3aKpHITYIO MPU JIF000H MIOTHOCTH MaTepuu, He TPeOYIOIIy0 TPy
3TOM BBeJIeHHSs [IOTIOJHUTE/TBbHBIX HeHa0/M0jaeMbIx CyOCcTaHIME (KOCMOJIOTMYeCKOM TIOCTOSTHHOM,
TEeMHOW SHEepruy, SHepruv BakyyMma), OeCKOHeuHyr BO BpeMeHH, M Ha JIaHHOM 3Tarle pa3BUTHS
PaCIIMPSIOIIYIOCS YCKOPEHHO, UTO COOTBETCTBYeT HabmrofaTenbHBIM JaHHBIM 00 YCKOPEHHOM
paciipenuu [5].

PaciiupeHue B cucteMe OTcueTa Habsrozarens, B OT/IMYMe OT CTaHAAPTHOM Mojeny,
NIPOUCXOJUT MeJIeHHO, 4YTO CHUMaeT Tmpo0sieMbl, Je)Kalje B OCHOBAaHUM CLieHapus
pazayBarwoieiics BcenenHoidi [6]:  «mpobsiema TOpu30HTa», «IpobjieMa  CHHTY/ISIPHOCTHY,

«mipo6siemMa TIJIOCKOCTHOCTH» ((opMysiupyeMasi Kak BOTIPOC O TPHUUMHAX TOYHOTO COOTBETCTBUS
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TUVIOTHOCTA MaTepuM B paHHell BcesieHHON KPUTHUYECKOMY 3HauyeHHIO U SIBJISIOLLAsICSI OCHOBaHUEM
«aHTPOITHOTO TPHUHLMMA» - B MOAMGMIMPOBAHHON MOJeNM MCyesaeT, T.K. mpu a—-0 Q = o
«1ipobsieMa  KpyMHOMAcCINTabHON OJHOPOJHOCTM U W30TPOMMW» - CBs3aHAa C  «Ipo0eMoid
TOPU30HTa», «IIPobJieMa PeTUKTOBBIN MOHOIIO/EH» U «IIPoOJ/ieMa PeTMKTOBBIX TPABUTHHO» - TaKKe
OTIpefiesIItOTC  AMHAMUKOW — pa3BUTHS, «mipobsieMa  3HEPTUM  BaKyyma» - peIlaeTcs B
Mo UULIMPOBaHHOM MoJesiu 6e3 BBeJleHHsl TUTIOTeTUUeCKUX CyOCTaHLMM, U T.J.

HenaBHO oOHapy)keHHasi CHUMMeTpPUs  HEOJHOPOJHOCTEM  DPEeMKTOBOIO  W3/TyueHHUs
VHTepIpeTUpyeTcss B CTaHJAPTHOM MOJe/Nd KakK BO3MOXKHOe CBUJIETe/IbCTBO HapyLIeHUs
OCHOBOTIIO/Iararoiiero TpeboBaHuss wu3oTponuu TmipoctpaHcTBa («Ock 3ma») [7], ogHako B
MO/IM(ULIMPOBAHHON MOZIe/TM OHA UHTEePIIPeTUPYeTCsl KaK eCTeCTBeHHOe siB/ieHHe, BbiTeKarolllee 13
Oosee MeJjieHHOW [UHAMUKUA Da3BUTHSI U He CBsi3aHHOe C HapylIeHWeM TPUHLIUIIOB TeOPHUH
OTHOCUTETLHOCTH. Bpemsi, mpoilie/iiiiee C MOMeHTa U3/1yueHHsl CUrHala y/la7ieHHbIM UCTOYHUKOM,
HarpuMep HeOJHOPOJHOCTBIO TUIOTHOCTM MaTepud B TepyoJ, PeKOMOWHAIMM BOJOPO/A,
OKa3bIBaeTCs AOCTaTOUHBIM /JIsi TOro, UTOOBI M3/yueHHe WCTOYHMKA, PachpOCTPaHsIoLeecs BO
BCeX HarpaB/ieHUsIX, [JOCTUTJIO HabsofaTensi He TOMBKO T0 Majiod, HO U 10 OosbInoin ayre
OosbIIIOrO0  Kpyra 3akpbITOM BceneHHOW, TO €eCTb C TIPOTHBOIIOJIOXKHOW CTOPOHBI, UTO
BOCIIPMHMMAeTCsl HaOurofiaTtesieM Kak siBjieHHWe LIeHTpalbHOM cuMMeTpuu [8] - BO3MOXHOCTB
Hab/rofleHus OfIHOTO W TOTO JKe MCTOUHWMKA B [JBYX [IPOTHBOJeXalyxX (LieHTpajbHO-
CUMMETPHYHBIX) TOUKax HebecHoM chepsbl.

SIBneHue LeHTPaJbHOM CUMMETPUM TIOATBEP)KIAETCS KaK LeHTPaJbHOM CUMMETpUEeN |
aHTHCUMMeTpUell peIMKTOBOr0 MUKPOBOIHOBOrO (oHa [8], Tak U cyljecTBOBaHUEM LieHTPaIbHO-
CUMMETPHUYHBIX Map KBa3apoB C WAEHTUYHBIMU MPO(UISMUA MarHUTY/, CBETHUMOCTU B /iMaria30Hax
(u,g,r,i,z) [9], KOTOpble TakKe MOTYT MHTepPHpPeTUPOBaTbCS KaK Mapbl IPOTHMBOJIEXALLUX
M300pa>keHnid OJJHOTO U TOTO JKe yJa/IeHHOTO 00beKTa.

[TomrMo o0coOeHHOCTeH, CBsi3aHHbIX C WHTepIIpeTaliell HabJo/laTeNbHbIX —/IaHHBIX,
ypaBHeHusi (91),(93), onuchkiBatolMe JUHAMUKY pa3BUTHsS BcesieHHOM B cucTeMax KOOpJWHAT
Habmrozaresiss ¥ 1ieHTpa runepcdepsl, MO3BOJISIOT BBIABUHYTH TIPEATIONIOKEHHEe O BO3MOXKHOM
BapuaHTe ee TIPeJbICTOPUM, TIPUHLIUIIUAIBHO OT/IMYalolleecss OT BapUaHTOB, OCHOBAHHBIX Ha
cranzapTHoii moziemn. CornacHo (91), B cucTeMe OTCuUeTa IleHTpa MacC MacIuTaOHbIM (hakTop
M3MeHsieTCsl TI0 3aKOHY cos(t), TO ecTb BcesieHHass B LiefioM BefeT ceOsi KaK K/lacCHUeCKui
rapMoHMUecKuid Bubpatop. IIpy 3ToM M3 3aKOHa COXpaHeHHWs MeXaHWUecKoH 3Hepruw (17) BUauM,
YTO B Hel, Tak >Xe Kak B JI000M JpyroM rapMOHMUYECKOM BUOpaTope, MPOUCXOJUT HelpepbhIBHOE
TipeBpalleHre KHHeTHUeCKON SHepruM B MOTeHIMaNIbHY0 ¥ 00paTHO. Takoii XapakTep U3MeHeHHit
MOXXHO pacCcMaTpuBaThb KakK eCTeCTBeHHyI (opMmy rmposiBjieHusi ¢Guaocodckoro Te3uca O

HEBO3MOXHOCTHU CyLIeCTBOBAHUA MATEPHUU 0e3 JABH)KeHMH.
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[lpy HanWuMK OTIpeJie/IeHHOr0 KOJMUecTBa MaTepud (SHepruv) M OTCYTCTBUM BHEIIHUX
BO3/IeHCTBUM 3TOT BUOpATOp, TaK e, KaK M KJIaCCHYeCKUl TapMOHUUeCKui BUOpaTop 6e3 roreps,
Mo)keT Kosnebatbcsi BeyHo. Ha KakzioM mosynepuozie KonebaHuil OH TIOPOXKJaeT HOBOe 3-MepHOe
TIPOCTPAHCTBO - rurepcdepy, pa3BUBAIOIIYIOCS B CBOEH CUCTeMe OTCYeTa B TeueHHe OeCKOHeuHOTo
BpeMmeHu. [lonyuaromuiicss TMpU 3TOM «rapMOHUYECKUM TeHepaTOp BeUHOCTel» Tpaduuecku
noka3aH Ha Puc. 3. Kaxzoli Touke OecKOHeUHOW BpeMeHHOW OCH B CHCTeMe I[eHTpa Macc
COOTBETCTBYeT OecKOHeuHOe KOJMYEeCTBO BeYHBIX IPOCTPAHCTB, POX/EHHBIX Ha pasHbIX
noyrieprosiax KosiebaHuii BHUOpaTopa, OJJHAKO BCe OHH, KPOMe OZHOTO, OTHOCSTCSI K Haua/JbHBIM

NJIK K KOHEYHBIM 3TdllaM 3BOJIFOLIMU TIPOCTPAHCTBA.

15

e / :I:"::\---- I

MacwwrabHbin hakrop (oTH. epn,)
(=)

-8 -6 -4 -2 (1] 2 4 6 8
Bpems (oTH. en,)

—t —t obs

Puc. 3. Tunamuka pa3BUTHS MOAMMUIIMPOBaHHON MoJenud BcefeHHOW Ha BPEeMEHHBIX —IIKajax
1ieHTpa rurnepcdepsbl (t) U Habmogarens B 3-MepHOM MHPe (o). ['apMOHMUECKUe KoebaHUsl B CUCTEMe

I[eHTPa Macc, MOPOXKAaroIye BeuHble BceleHHbIe Ha KaXKIOM MTOJTyTIEpUO/ie KomeOaHuH.
17. 3axk/iroueHue

O6mast Teopust oTHocutenbHocTU (OTO) - OfHO W3 CaMbIX COBEpPIIEHHBIX TBOPEHUH
coBpemMeHHOU (u3uKU. Ee cipaBeA/iMBOCTb MOTBEPXKAAETCSI MHOXKECTBOM 3KCIIepUMEHTa/IbHbIX 1
Hab/roIaTe/IbHBIX JJAHHBIX, HO TIpeZiesibHasi CJIOKHOCTh TeOpUH TpebyeT 0cOOeHHO BHUMATe/IbHOTO
OTHOILLIEHUS K HCMOJb3yeMbIM B Hell TOHATUAM M (U3UUECKMM Be/JWYMHAM W YyBe/lW4YUBaeT
OMAaCHOCTb HeTOUHOW wuHTepripeTaud. C STUM CBsi3aHa U3BeCTHasi MPOTUBOPEUYUBOCTL [4]

ocHoBaHHOM Ha OTO cTaHAApTHOM KOCMOJIOTHYeCKOM Mozend PpuimaHa.
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B HacTosieii paboTe TIOKa3aHO, YTO MeTPHKA, Jie)XKallasi B OCHOBE CTaH/AapTHOM
KOCMOJIOTUYeCKON MOJie/Td, COOTBETCTBYeT OTCYTCTBHIO OoOMeHa SHepruedl Mexay marepueid u
I'PaBUTALIOHHBIM T10JIeM, OIpe/le/IeHHOTO 3aKOHOM COXpaHeHus 5SHepru o0Ieil Teopuu
OTHOCHUTE/IbHOCTH, UTO SKBUBAJIeHTHO HEBO3MOXHOCTH Pa3BUTHs BceneHHol Bo BpemeHu. Takum
oOpa3oM, B OCHOBY CTaH/JapTHOW KOCMOJIOTUYECKOW MO/IeJTH, OIMCHIBAIOI[e Pa3BUBAIOIIYIOCS
Bcenennyto, 3anoxeHo riybokoe BHyTpeHHee MpOTHBOpeure.

[IpoTuBOpeure CHUMAETCS TIPU WCTIO/IB30BAaHUM METPUKH, YUWTHIBAIOLEM 3aBUCHMOCTb
MaciTabHoro (akropa OT BpeMeHH, TO eCTb HEeHYJIeByl0 BelWuuHy ero auddepeHiuana,
WTpalolllero CYLIeCTBEHHYH) PpOJib TIPM  BbIBOZE BBbIPA)KEHUsI /I BPEMEHHOW KOMIIOHEHTbI
MeTPUUeCKOro TeH30pa. B 3TOM ciiyuae 3aKOH COXpaHeHHs SHePruM-uMIy/bca o0Iiell Teopuu
OTHOCHUTE/IbHOCTH BBITIO/IHSIETCSI 1 CKOPOCTh SHEproobmMeHa B 3aKOHe COXpaHeHHs SHepruu o0ieit
TEOPUH OTHOCHUTE/JILHOCTH OKa3bIBaeTCs PaBHOM CKOPOCTH 3SHEProoOMeHa, BbITEKalollel u3
aHa/iM3a KOMIIOHEHT MeTPUYeCKOro TeH30pa.

[TocTpoeHre Ha OCHOBe 3TOM METPUKMA MOJe/d OAHOPOJHOW M30TpOIHOW BceneHHOM
MPUBOJUT K MOAW(DULIMPOBAHHOM KOCMOJIOTUYECKOW MOZe/id, COOTBETCTBYIOLEH 3aKOHY
COXpaHEeHUsI SHePTHY M OMKMCHIBAIOIe BcesieHHY0, 3aKpBITYIO TIPH JIF000M TJIOTHOCTH MaTepuH,
He TpeOyIOIIyI0 BBeJeHUs [JOTOJHUTENbHBIX HeHalO/ro/laeMbIX CyOCTaHLMM (KOCMOJIOTHUeCKOMH
TIOCTOSIHHOW WM TeMHOW SHepruu), 0ecKOHeYHyr BO BpPeMeHM M Ha JIaHHOM 3Tarie pa3BUTHUS
pacCIIMpsIIOIIYIOCS  YCKOpPeHHO. Bosiee MezieHHas JUHaMHKa paclIMpeHHs CHUMaeT Liesbld psf,
npo6JieM CTaHJAPTHOW MOZeH: «11pobieMa CHHTYJISIPHOCTH», «TIpo0sieMa TOpHU30HTa», «Ipobsiema
TUIOCKOCTHOCTW» W [p., @ TakXKe TI03BOJIIET WHTEPIIPETUPOBATh HeJABHO OOHAPY)XeHHYIO
CUMMETPHIO PeJIMKTOBOTO U3/IyueHUsl KaK siB/ieHUe, BbiTeKatollee 13 Oosiee Me/j/IeHHOW JUHAMUKU
pacliMpeHMss YW He CBs3aHHOE C HapylleHWeM OCHOBOIIOJIAralolX MPUHLWIIOB TEOpUn

OTHOCHUTE/IbBHOCTH.

27.03.2011
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