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Cruea BII,r:i;:>Ka.H 

CIIHHOPHhIE TIO.JUI B AHI130TPOTIHOM KOCMOJIOI'I1I1 

B paMKax aHH30TpOITHbIX KOCMOJIOr11qeCKl1X MO,Ll;eJieti: HCCJie,IJ;oBaHa pOJib HeJIH
Heti:Horo cmrnopHoro rromi B 3Bomou.u:11 BceJieHHOti:. IloK83aHO, 'ITO c IIOMOID;hIO 
CITHHOpHoro IIOJI.H MO:arno OIIHCaTb KaK n,n;eaJibHYIO :lKll,Ll;KOCTb, TaK ll TeMHYIO 3Hep
rmo. B paMKax aHH30TporrHofi KOCMOJiorn:qecKoti: Mo,n;eJin: T.Hrra BrraHKH-I rroK83aHo, 
•rTo npn onpe,n;eJieHHOM Bhr6ope HeJI11Heti:HOCT11 cmrnopHoe noJie ycTpaH.aeT c.1rnry
JI.HpHOCTb npocTpaHCTBa-BpeMeHn, ycKOp.HeT npou.ecc .li30TpOIIH3all,Hll H o6'b.HCH5IeT 
ycKopeHHOe pacurnpeHrre BceJieHHOi1. I1oKa3aHo, 'ITO HeJin:He:iiHoe cmrnopHoe noJie 
BMeCTe c B>.!3KOH }Kil,Ll;KOCTblO rropo)K,Ll;aIOT pememrn T.lrna 60JibIIIOH pa3pbIB. c IIO
MOlll,blO KBHHT3CCeH!l,illl c MO,Ll;licPIIU.IIPOBaHHbIM ypaBHeHIIeM COCTO>.!HH>.l IIOJiy'IeHa 
Il,IIKJIH'IeCKaH MO,Ll;eJih BceJieHHO:ii, KOTOpaH CB060,IJ;Ha OT npo6JieMbI Be•rnoro ycKope
HH>.l. I1ccJie,n;oBaHa 3BOJIIO!l,H>.l BceJieHHO:ii B paMKaX KOCMOJIOrII•IeCKO:ii MO,IJ;eJIII THIIa 
BrraHKH - VI. B paMKax IIJIOCKO-CHMMeTpH'IHOti: Mo,n;eJin rrOKa3aHo, 'ITO HeJIHHefi
HOCTb CIIHHOpHoro IIOJIH c yqeTOM co6CTBeHHOro rpaBIITalJ,HOHHOro ITOJIH nopo)K,Ll;aeT 
COJ1HTOHOIT0,[(06Hbie pellleHH>.l. 

Saha Bijan 

SPINOR FIELDS IN ANISOTROPIC COSMOLOGY 

Within the framework of anisotropic cosmological models the role of nonlinear 
spinor field in the evolution of the Universe is studied. It is shown that perfect fluid 
as well as dark energy can be simulated by means of a spinor field. Within the 
scope of Bianchi type-I anisotropic cosmological model it is shown that a suitable 
choice of spinor field nonlinearity eliminates space-time singularity, accelerates 
isotropization process and explains accelerated expansion of the Universe. It is shown 
that nonlinear spinor field together with viscous fluid generates Big Rip solution. A 
modified quintessence gives rise to a cyclic model of the Universe, free from eternal 
acceleration. The evolution of the Universe within the scope of Bianchi type-VI 
cosmological model is studied. Within the framework of plane-symmetric model it 
is shown that the spinor field nonlinearity on account of proper gravitational field 
generates soliton-like solutions. 



1 06m;a.H xapaKTepncTMKa ,n;nccepTau;nn 

1.1 AKTYaJihHOCTh TeMhI 

l1ccJie,i:i;oBamre 3BOJIIOIJ;IIH BceJieHHOli HBJI51eTC51 B HacTomn;ee BpeMH IIHTepeCHoli 

II 6bICTpo p8.3BIIBaIOrn;eliC51 ofoiacThlO cpII3HKII. 0,i:i;Ha II3 OCHOBHhIX 3a,i:i;aq KOCMOJIO

rIIII - orrncaHIIe p8.3JIH'!Hhrx cpa3 3BOJIIOI.'\HII BceJieHHoli. K HaH6oJiee aKTJMhHhIM 

rrpo6JieMaM COBpeMeHHOH KOC:\10.lOrIIII OTHOC5ITC5I (i) rrpo6Jie:-.m Ha'IaJihHOH CHHry

JI.7!pHOCTH, (ii) rrpo6JieMa H30TporrH3al'\HII II3Ha'IaJihHO aHH30TporrHoi1 BceJieHHOli II 

(iii) rrpo6JieMa rro3,i:i;Hero ycKopeHHoro pacnrnpeHII.71 BceJieHHoli, T.e., ycKopeHIIe, Ko

Topoe Mbl Ha6JIIO,D;aeM B HaCT051rn;ee BpeM.71. 

B HacToarn;ee BpeMa KpynHOMacnITa6Haa CTPYKTypa BceJieHHofi TpaKTyeT

C.71 c IICIIOJih30BamreM O,Il;HOpO,lJ;HOH II II30TpOITHOH MO,D;eJIII cDpII,ri;MaHa-Po6epTCOHa

Yorrnpa. MII3Hep - II3BeCTHhIH KJiaCCIIK B o6JiaCTII acTpocpII3IIKH H KOCMOJior:irn -

ccl?opMyJIIIpOBaJI pa,ri; TeopeTnqeCKHX apryMeHTOB B ITOJib3Y cyrn;ecTBOBaHIIa aHH30-

TpOITHOH cp8.3hI 3BOJIIO[\HII BceJieHHOfi. llo,i:i;TBep)l(,i:i;eHHeM ero rIIITOTe3hI nocJiy)l(IIJI 

3KCrrepHMeHT, B KOTOpOM 6hIJia o6HapyLKeHa aHH30TpOIT!IZI peJIIIKTOBOrO H3Jiy'IeHrra, 

cocToarn;aa B TeMnepaTypHofi cpJiyKTyarr,IIII H3Jiy'!eHIIa qepHoro TeJia (The Wilkinson 

Microwave Anisotropy Probe). B pe3yJihTaTe 6brJI rrpOH3Be,i:i;eH rrepecMoTp HeKOTO

phrx cpyHµ;aMeHTaJihHhIX rrpe,i:i;noJIO)l<eHHH KOCMOJionrn. Bo3HIIKJia Mo,n:eJih II3Ha'IaJih

HO aHII30TpOIIHOH BceJieHHOfi, KOTOpa51 co BpeMeHeM rrepexo,n:IIT B II30TpOIIHOe COCT0-

.71HHe. ::ha MO,n:eJih ,il,OITOJIH.HeT ll o6orarn;aeT MO,l.l;eJih cDpII,LI)VIaHa-Po6epTCOHa-YoKepa. 

J1I06bre peIIIeHH51 o6rn;eii TeOpHII OTHOCIITeJibHOCTH, OIT!ICbIBaIOrn;He ,l.l;IIHaMII

KY pacnmpeHIIa BceJieHHoli, rrpo,n:OJI)l(eHHhre Ha3a,11, BO BpeMeHII, rrpn Bcex pa3yM

Hhrx ypaBHeHII51X COCTOHHIIH rrpHBO,IJ;51T K Ha'IailhHOIT CIIHryJI51pHOCT!I (BOJibIIIOMY 

B3phrny), KOTopaa xapar<Teprr3yeTC.71 6ecr<oHe'!HOfi ITJIOTHOCThIO II TeMrrepaTypoli 

Bern;ecTBa. llpo6JieMa Ha'IaJibHOH (KOCMOJIOrH'IeCKOH) CIIHryJI.HpHOCTH HBJI.HeTC.71 o,n:

HOii II3 HaH6oJiee cephe3HhIX npo6JieM cpII3II'recKofi KOCMOJiorIIH. B ,n:aHHOli ,n:Hccep

TaIJ;IIII II3y'!eHa B03MOLKHOCTb ee ycTpaHeHIIa . 

.lJ:o He,i:i;aBHero BpeMeHII C'IHTaJIOCh, 'ITO Harna BceJieHHa.71 paCIIIIIpHeTC.71 3aMe,n:

JieHneM. B 1998 ro,11,Y B xo,n:e II3rreHII51 crreKTpOB H3JIY'IeHH51 rrpII B3phIBax cBepxHo

BhIX 6b!JIO o6Hapy)KeHo, 'ITO BceJieHHa.H Ha caMoM ,11,eJie pacIIIIIp51eTc51 c ycKopeHIIeM. 

9TO OTKpbITIIe Bb!3BaJIO HaCT0.71In;YIO ceHcau;mo. llpo6JieMa ycKopeHHOro paCIIIIIpe

Hirn BceJieHHOli - o,n:Ha H3 caMh!X ar<TyaJihHh!X B coBpeMeHHOfi KOCMOJIOrIIII. TeopIIa, 

crroco6HaH 061>.HCHHTh ycKopeHHoe pacIIIIIpeHIIe, rroKa ern;e ,n:aJieKa OT 3aBepIIIemrn. 

llocJie ITOHBJI€HII5I nepBOii Mo,n:eJIII IIH¢Jl51[\IIOHHOIT KOCMOJIOrHII, HCITOJih3yIOrn;eli 

B Ka'!eCTBe HCTO'IHIIKa rpaBHTaIJ;HOHHOro nom1 CKaJI51pHoe ITOJie, eMy rrpHµ,aBaJIOCb 

60JibIIIOe 3Ha'reane. HcrrOJib30Bamre CKM.7!pHoro ITOJI51 ,L\aJIO B03:\10}KHOCTb KOHCTpy

npoBaTb ,L\OBOJibHO 60JibIIJOe KOJll'l'IeCTBO KOCMOJIOrWieCKHX :110,LI,eJiei1. 0,;:i;HaKO B03-

Hl'lK BOrrpoc, :1,10ryT JIM ;:i;pyrne ITOJI.71 nrpaTh 3Ha'!IIMYIO pOJib B KOCMOJionrn:. 0Ka3a

JJOCh, 'ITO B !<a'IeCTBe Tarwro ITOJI.71 MQ)KeT CJIJ)l(llTb CITHHOpHoe ITOJie, KOTOpoe 6oJiee 

'IJBCTBHTeJihHO K rpaBHTau;:im, ll Kar< CJie,ll;CTBHe MO)l(eT rrrpaTb Ba::iKHYIO pOJib ,n:mr 
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ycTpaHemrn pH,rr.a npo6JJeM, B03HHKa10rn;11x B o6H'IHhIX no,rr.xo,rr.ax. 

1.2 II;eJib pa6oThI 

r.:t;eJihIO ,rr.aHHoit pa6oTbI srnmreTCH TeopeTIP'leCKoe H3yi:-remre 0>Bomon;1111 BceneH

Hofi B pa3JJI!'-IHblX ee CTa,LI.HHX B paMKax 8,LI.HHOro no,rr;xo,rr.a. 9TOT TIO,LI.XO,LI. OCHOBaH 

Ha aI-II130TpOIIHbIX KOCMOJJOrH"IeCKHX MO)J,8J15IX, onpe,rr.emreMb!X pa3JJI1"II-Ib1Mll liCTO"I

HHKaMH rpaBHTaD;HOHI-Ioro rromr. B Ka•recTBe TaKHX HCTO'IHHKOB paccMaTpHBaJJHCh 

H8JIHHefiHoe crnrnopHoe rroJJe, B5!3KaH )Kli,LI.KOCTh, )Kll)J.KOCTb BaI-I ,LI.ep BaaJJbca 11 

T8MHaH 3Hepnrn. 

I'JiaBHaH D;eJib COCTOliT B HCCJI8)J,OBaHl!li pOJI!I HeJIHHeil:Hb!X CTil!HOpHb!X IIOJiefi B 

3BOJJIOD;HH BceJJeHHOfi Ha pa3JJH"IHhrx ee CTa)J.H5IX. 

Ilpn: IIccne,LI.OEaHIIH aBOJIIOD;IIII BceJJeHHOii: Hapn)J.Y c HeJIIIHefiHhIM cnHHOpHbIM 

IIOJI8M Y"IHTbIBa.JIOCb BJIHllHHe ,LI.pyrn:x HCTO'IHIIKOB rpaBHTaJJ;HOHHOro rromr, Tarrnx 

KaK BH3Ka5! )!(l!,D;KOCTh, TeMHaH 3HeprH£ H )KH,LI.KOCTh BaH ,n;ep BaaJJbca. 

BbIJJH rrocTaBJJeHbI CJJ8)J.YIOID;l!e 3a)J.a•rn: 

- BbI5ICHiiTb pOJJb HeJJn:HeiiHoro CIIHHOpHoro IIOJI5! (i) B ycTpaI-IeHHH Ha'I3JlbI-IOll 

CHHryJrnpHOCTli, (ii) B H30TpOIIH3aD;HI1 li3Ha•Ia.JibHO aHH30TpOIIHOro rrpOCTpaHCTBa, 

(iii) B IIOJIJLieHI'IH perrreHlill 6e3 CHHrymrpHOCTeit Ii (iv) B 06'b5ICHeHHli YCKOp8HHOro 

paCIIIHpe1m£ BceneHHOii. 

,ILoIIOJIHHTeJibHbl8 3a,n;a<m: 

- orrpe,n;eJIHTh pOJib B5!3KOCTH B 3BOJIIOI.I,HH BceneHHoii Ii B03MO)KHOCTb B03HHK

HOB8HH5! pemeH11ti Tn:rra BoJibIJIOii Pa3pbIB (Big Rip); 

- rrpocne,LI.HTI> 3BOJIIOU:HIO BceJJeHHOit rrprr HMH'Ilili TeMHOit 3Heprmr B paMKax 

aHli30TpOIIHhIX MO,n;eJJeii; 

- BbUICHHTb poJJb )!(H,ll;KOCTH BaH-,IJ,ep-BaaJJbca B reHepau;Hn:: Ha"Ia.JII>HOit IIHcPJJ5!-

D;IIH; 

- rrpoaHa.JIH3I!pOBaTb B03MO)KHOCTH ycTpaH8HI15! rrpo6JI8Mbl Be•rnoro yc1<0peHH5I 

BBe,IJ,eHH8M KBHHT3CC8HJJ;HH c MO)J.licPHD;IipOBaHHb!M ypaBHeHHeM COCTOHHH5I; 

- HCCJie)J,OBaTb pOJib HeJIHH8HHOro CIII!HOpHoro TIOJIH B 3BOJIIOD;!Ili BceJieHHOH B 

paMKax MO,IJ,eJJeii THrra BttaHKH V 11 VI; 
- IiCCJI8J!,OBaTb pOJib HeJJHHeitHoro CIIHHOpHoro IIOJI5! B ¢opMI1pOBaHHI1 COJIHTOHO

lIOJJ,06HhlX I<OHcPHrypan;Hii Ha OCHOBe IIJIOCKO-CHMM8TpH'IHOii MOJl,8JII1. 

1.3 Harrna51 HOBM3Ha 

- BrrepBbie B paMKax aHH30TpOIIHOii KOCMOJIOrHH rJI06aJihHO HCCJJe,LI.OBaHa pOJib 

uemrneiiuoro cmrnopHoro rromi ,IT,JIH o6'b5ICHeHHH 3BOJIJOIJ;Hli BceJieHHOit. 0TMeni:M, 

Jl,O Hae HeJIHH8HHbie cmrnopHbie IIOJI5! (HCTI) B Ka•recTBe HCTO"IHHKOB rpaBrrTau;rr

OHHOro TIOJIH He paccMaTpHBaJIHCb. IIoKa3aHo, "ITO HeJIHHeitHbie CIIHHOpHbie TIOJI5! 

II03BOJJHIOT MOJJ,emi:poBaTb KaK li,LI.8aJibHYIO )!(H,LI.KOCTb, TaK 11 T8MHYIO 3Heprn::IO, ,n;e

MOHCTp11pyn TeM caMb!M YHI1B8pCaJJbHOCTb rro,rr;xo,n;a. 
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- BrrepBbie IIOKa3aHO, 'ITO rrpn COOTBeTCTByroru;eM Bbr6ope rrapaMeTpOB cmrnop
HOe IIOJie cnoco6HO (i) ycTpaHHTb CHHrymrpHOCTb npocTpaHCTBa-BpeMe1rn; (ii) YCKO
pHTb rrpon,ecc H30Tpomrnan,rrn; (iii) o6'b.HCHHTb cpeHOMeH ycKoperrrroro pacumpeHH.H 
BceneHHOil:. 

- BnepBbre npe.n;no:iKeHa Mo,n;enh KBIIHT9ccerrn,Hn, .n;onycKarorn;aH Kone6aTeJibHhril: 
pe)KIIM pacrrrnpeHmI, <J:TO ycTpaH.HeT npo6neMy Be<rnoro ycKopeHHH. 

- BnepBbie ccpopMyJIHpOBaHa MO,ll;eJib c HeJIIIHeHHbIM CIIIIHOpHhIM IIOJieM H B.H3-
KOil: )KII)J;KOCTbIO, npIIBO)l.HIIl,aH K peIIIeHmo, cooTBeTCTByrorn;eMy BoJihIIIOMy Pa3pbr-

BY (Big Rip). 

1.4 TeopenrqecKaH H npaKTM•rncKa5.I 3Ha"<IHMOCTh 

Tio,n.xo.n;, npe,n;JIOJKeHHbiil: B .IJ;IICCepTail,MII, HOCHT cpyH)l.aMeHTaJibHblll xapaKTep H 
,n:aeT B03MOJKHOCTb TeopeTII'IeCKII n3rmTh npnpo.n;y 3Bomon,nn BceneHHoil:. OH no3-
BOJI.HeT B paMKax o6bI<J:HOll MaTepnn o6'b.HCHIITb TaKOH cJ.:>euoMeH, KaK ycKopeHHOe 
pacIIInpeH:rre BcenenHoil:. BoJibIIIHHCTBO TO'IHbIX KOCMOJIOrII'IeCKHX peIIIeIIIIil: nony
'IeHO )l.JI.H ypaBHemrti, co.n;ep)Karn;nx rrpOll3BOJihHYIO cpyHKil,IIIO, KOTOpa51 OIIIICbIBaeT 
caMO)l.eil:CTBIIe H B3an:vro.n;eil:CTBHe CIIIIHOpHoro H CKaJI.HpHoro IIOJieil:, 'ITO I103BOJI.HeT 
MO,D.emrpoBaTh pa3JIII'IHhre TIIIIbI 9BOJIIOil,IIH BceJ1eIIHOti H rrpoBO,IJ.HTb IIX Ka<recTBeH
Hbiti aHaJIH3. B 3a,n;a<rax, CB513aHHb!X c B513KOH )KH.IJ;KOCThIO, Hati.n;erra CHCTeMa ypaB
HeHHll, KOTOpa.H 6oraTa c MaTeMaTH<J:eCKOll TO'IKH 3peHHSI. Auanorn•rna.H CHCTeMa 
BCTpe•raeTC.H B TeOpHH KaTaCTpocJ.:> H .n;eMorpacJ.:>nn, a TaKJKe B TepMO.H)l.epHOll cpII3II
Ke II cpH3HKe IIJla3MbI. c 3TOH TO<J:KH 3peHH.H IIOJiy<i:eHHbie peIIIeHH.H H Ka<J:eCTBeHHblll 
aHaJIH3 HMeIOT npaKTH'IeCKYIO 3Ha<mMOCTb He TOJibKO B KOCMOJIOrHH, HO FI ,n:pyrFIX 
o6nacT.HX Hayrrn. 

1.5 ,IJ;ocTOBepHOCTb pe3yJibTaTOB 

Pe3yJihTaThI, FI3JI0)K8HHbie B ,n:nccepTail,FIFI, rnaBHbIM o6pll30M OCHOBaHbl Ha TO'I
Hb!X FI <IHCJieHHbIX peIIIeHH.HX CFICTeM HemrneliHhIX ,D.IIcpcpepeHIJ;FiaJibI-lbIX ypaBHeHFill, 
'ITO ,n:aeT B03MOJKHOCTb KOJIH'IeCTB8HI-IOro IICCJie,LJ;OBaHHH KOHKpeTHbIX MO)J;eJieli H 
CTpororo Bhl<IIICJieHFI5I p.sr,n:a cpll3H<I8CKHX B8JIFI<IHH. 

1.6 Anpo6au;rrn: pa6oThI 

Pe3yJihTaThI .n;FiccepTaIJ;HH .n;orma,n:hmaJIHCh FI o6cy)K,I\aITHCh Ha ceMHBapax Jla-
6opaToprrn TeopeTwreCI<Oll cpH3HKH H Jla6opaTOpIIH IIHcpOpMail,HOHllbIX TeXHOJIOrHll 
06'be.n;:irneHHOro IIHCTHTyTa 51,I(epHbIX HCCJie,I(OBaHHH, Ha ceMHHapax Kacpe,n:pbl Teo
peTFI<IeCKOll cpII3HKH II Ha ceMFIHape no MaTeMaTn<i:ecKoMy Mo,n:ennpoBaHHIO Poc
rnlicr<oro yHIIBepc:aTeTa ,n:py)K6hr rrapo,I(OB, MHCTHTyTa cpH3HKH (Indian Institute of 
Physics, Bhubaneswar, India), IFIN-HH Bucharest, Romania, International Centre 
for Theoretical Physics (ICTP, Trieste, Italy) H Ha cne.n;y10II1,rrx KOHcpepeHil,H.Hx: 
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• Hay-cmaa KoH¢epem1;1rn <PaKyJihTeTa cPH3HKO-MaTeMaTJFieCKIIX II ecTeCTBeH
HhIX HayK, Poccnii:crrniI yHHBepcHTeT fq)y)KfaI Hapo,rr,OB, Mocrrna, Poccmr, 1992. 

• ,II:eB5IThIM Me)K,JzyHapo,rr,HhIH ceMHHap "fpaBHTaI!HOIIHa5I 3HeprH5I ll rpaBHTaI!H
OHHaH BOJina" ,D:y6Ha, Poccmr, 1996. 

• 15 International Conference on General Relativity (GR 16), Fune, India, 1997. 

• Hay<rnasr r<mr<PepeHI!HR, noCB5Illl,eHHasr 90 JieTHJO II po¢. 5I.II. TepJieI!Koro, 
Poccnii:cr<:ni1: yHHBepcnTeT ,LJ,py)K6b1 Hapo,rr,OB, Mocr<:Ba, Poccn5I, 2002. 

• XL Bcepocrnii:cKasr KOH¢epeHI!HH no npo6JieMaM MaTeMaTHKH, mr<PopManr-· 
KH, cPII3HKH n XHMHH, Poccnitc1rnil: YHHBepcuTeT fWY)l<6hI Hapo,rr,oB, Mocrrna, 
Poccna, 2004. 

• International Conference "Gravity, Astrophysics and Strings @ the Black 
Sea"Kiten, Bulgaria, 2004. 

• XLII Bcepoccnii:c1<a5I KoH¢epeHIJH5I no npo6neMaM MaTeMaTHKH, nmpopMaTH
rrn, cPH3HKH Ii XHMIIII, Poccni1:cKni1: yHnBepcnTeT ,rr,py)K6hr napo,rr,OB, MocKBa, 
Pocc1rn, 2006. 

• Me)l\,JzyHapo,n;Ha5I Kon<PepeHI!IiSI ITO rpaBHTaIIHH, KOCMOJIOrIUi H aCTPOcPH3HKH, 
MocKBa, 2006. 

• XLIII BcepoccHii:cr<:a5I r<:on¢epeHI!H5I no npo6JieMaM MaTeMaTHKH, uH<PopMa
THKH, <Pn3HKH n XHMHH, PoccHti:crrnti: yHIIBepcHTeT ,rr,py)K6h1 napo,LJ,OB, Mocr<Ba, 
Pocc1rn, 2007. 1 

• PoccnitcKa5I IHKOJia-cewrnap ITO COBpeMeHHhIM ITp06JieMaM rpaBHTaI!Hii Ii KOC
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,l(MccepT~H.H COCTOMT H3 BBB,1.l;eHMH, II.SITH rJiaB, 3aKJIIO'-IeHH.H H npHJIO:>KeHM:il:. 

CnMcoK JIMTepaTypbI C0,1.J;ep:>KMT 302 HaMMeHoBaHHe. IloJIHbI:li o6'beM ,1.l;MCcepTan:mr -

245 CTpaHHD; ManIHHOilHCHOro T0KCTa, BKJIIO"l8JI 25 Ta6JIHD; M 127 pHCJHKOB. 

1. 9 JlWIHblH BKJia,ri; aBTOpa 

I-fa 41 pa6oT, BOllle,n;urnx B ,ll;FICCepTan;FIJO, 20 pa6oT BbIIIOJIH0HO COFICKaTeJieM 

B coaBTOPCTBe c ,n;pyrHMH y'leHb!Mli. l'...lacTb 3~.fll.I nepBO:il: rJiaBbI 6bIJia IIOCTaBJie

Ha MOHMH Y'-IHT6JIHMH r.H. llhIKHHblM H IO.IT. PbI6aKOBbIM npFI MOeM aKTFIBHOM 

yttaCTHH. I1oCJie 3~HTbI KaH,n;H,11,aTCKO:il: ,ll;HCCepTan;HH 3TH 3~at.rn: 6bIJIH npo,n;oJI

.>KeHbI H pa3BHTbl MHOIO. '-IRCJieHHOe perueHRe 3THX 3a,ll;a'-! 6bIJIO BbIIIOJIH0HO IIPH 

Herrocpe,n;cTBeHHOM rmcurn npo¢ecc.opa T.JI. Bmr,n;>KHeBa. 3~a1rn BTopo:il: rJiaabI 

6bIJIH IIOCTaBJI0Hhl H pemeHbI MHOIO KaK aHaJIHTH'-IeCKH, TaK H qFICJI0HHO. 0TM0'-IY, 

'ITO 3Ha'-!HTeJibHbii1 BKJI~ rrpH npoBe,n;emrn Ka'-!eCTBeHHOro aHaJIH3a CFICTeM ypaBHe

HH:il:, OIIHCbIBaIOm;Hx ElBOJIIOD;HIO BceJieHHOil: rrpH H8JIH'-IHH CIIFIHOpHoro IIOJI.H H BH3KOi1 

:>KH,ll;KOCTH, BHec MO:il: coaBTOp B.C. PHXBHIJ;KH:il:. 3a,n;at.rn TpeTbe:il: H '-IeTBePTOil: rJiaB 

IIOCTaBJI6HbI H pellleHbI MHOIO 6e3 coaBTOPOB. Ilpo6JieMbI ¢opMFipOBaHH.H COJIHTOHO

rro,n;o6HbIX pemeHH:il: B paMKax IIJIOCKO-CHMMeTpHqHo:il: MO,ll;6JIH, KOTOpbIM IIOCB.HID;eHa 

IIHTa.H rJiaBa, 6bIJIH HCCJI0,ll;OBaHhl COBM6CTHO C npo¢eccopOM r.H. lliHKHHbIM. 

2 Co,n;ep:>Kaune pa6oTbI 

Bo BBe,z:i;emur npHBO,ll;HTC.H KpaTKHii: o63op JIHTepaTypbr no BorrpocaM, pac

CMaTp:HBaeMhIM B )l;HCCepTan;HH, o60CHOBaHa aKTYaJihHOCTb pa60TbI, CcPOPMYJIHPO

BaHbI n;eJIR ,n;HccepTan;m'I. Bo BBe,n;eHRFI TaK.>Ke rrpHBO,D.HTC.H FICTOPFI.H pa3BFITmr KOC

MOJiorm1 H KOCMOJIOPFl"IeCKHX MO)J.eJieJ;l H HCTOpH.H HCCJie,!J,OBaHH.H MO,!l,eJieJ;l c Hem1-

He:il:HbIMH cmrnopHbIMH rroJI.s:IMFI. ITo,n; HeJIMHeii:HhIM cnMHOpHbIM noJieM rro,n;paayMe

aaeTc.sr, '-ITO COOTB0TCTBJIOIII,He IIOJI0Bbie ypaBHeHH.H co,n;ep:>KaT HeJIHH0HHbIH '-IJieH. 

B nepBoii rn1aBe paccMaTpRBaeTC.H CHCTeMa HeJI:HHe:il:Horo cmmopHoro FI cKa

JI.HpHoro IIOJieH c MHHHMaJibHOii: CB.H3bIO B paMKax KOCMOJIOrH'-IeCKOii MO,ll;0JIM THIIa 

BHaHKM-l B npMCYTCTBHH 1:1:,n;ea.rrbHO:il: >KFI)J;KOCTH H KOCMOJIOrH"!eCKO:il: IIOCTOHHHOil: 

( A- qJieHa). CooTBeTCTByrom.ee ,n;eii:cTBHe Bbr6MpaeTCH B B:H,n;e 

S(g; 1/J, if;, cp) = j £Fgdfl, (1) 

r.n;e 

(2) 

3.n;ecb .Cg 3a,ll;aeTCH BI MeTpMKoii:, Tor,n;a KaK .Csp H .Cm OIIHChIBaIOT HeJIHHeil:Hoe 

CIIHHOpHoe IlOJie H H,ll;0aJibHYIO )KH)l;KOCTb, COOTBeTCTBeHHO. JiarpaH:>rrnaH HeJIHHeil:-
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Horo cmmopHoro rroJrn: 3a,z:t;aeTc.H B BH,n:e 

(3) 

B (3) F H Fi HBJI.HIOTCH cpyHKll,HHMH OT HHBapIIaHTOB I = 8 2 H J = P2 , rro

cTpoeHHhIX H3 6HmrnefiHhIX cmrnopHhIX cpopM S = ·¢;1/J H P = i-015'1/J. 3,n:ecb qi, q2 

KOHCTaHThI, HMeIOm;He 3Ha'IeHH.H o, 1. Ilpli Qi= 1, q2 = 0 HMeeM HeJIHHe:fiHoe cmr

HOpHoe IlOJie c caMo,n:e:fiCTBHeM, a rrpH qi = 0, Q2 = 1 HMeeM CilliHOpHoe noJie c 

liH/J.Y!J;HpOBaHHOii: HeJIHHeii:HOCTbIO. KOBapnaHTHYIO Ilp01i3BO,D;HYIO MOLKHO 3a,n:aTb B 

CJie,n:yrom;eM HBHOM BH,n:e: 

8'1j; v .. 0 = - -r .. 0 
µ 9· OXI' µV·' 

- 3,~ -
'Vµ·l/J = n- + ·l/Jfµ, 

uxµ 
(4) 

r,n:e f µ(x) - CJTb ~.1aTPH!Ihl CITHHOpHOii: acPHHHOii: CBH3HOCTH <l>oKa-JifoaHeHKO. 

iloCKOJibKY JiarpaH)ImaHbl cmrnopHoro ITOJI5I (3) BCTpe<IaIOTC5I BO BCex rJiaBax, 

TO B rrepBOH rnaBe JJ:OCTaTO'lHO rro,n:po6HO HCCJie,n:yrOTC5I :')TH JiarpaH)KliaHbI, a TaioKe 

HHBapnaHTbl H KOBapHaHTHpie rrpOH3BO/].Hbie CITHHOpHoro IlOJIH. 

JiarpaH)KHaH rpaBHTa!IHOHHoro rrOJI5I Cg 3a,n:aeTc5I MeTpHKOii: 'l'Hrra BHaHKH-I 

ds2 = dt2 - a~(t)dx2 - a~(t)dy2 - a~(t)dz2 • (5) 

3,n:ecb MeTpH<JeCKHe cpyHK!IHH ai , a2 n: a3 3aBHC5IT TOJihKO OT BpeMeHH t . Hepa

BeHCTBa ai =J=. a2 =J=. a3 npe,n:CTaBJIHIOT aHH30Tponmo npOCTpaHCTBa-BpeMeHH, TO

r,D;a J(aK He3aBHCliMOCTb a1 ' a2 H a3 OT npocTpaHCTBeHHbIX KOOp,lJ;MHaT ,n:eJiaeT 

rrpOCTpaHCTBO-BpeMH O,D;HOpO/J.HhIM. 3aMeTHM, <ITO MbI pa6oTaeM B CHHXpOHHOfi CH

CTeMe OTC'IeTa, KOr,n;a t npe,n:cTaBJIHeT co6oii: co6cTB6HHOe BpeMH B Ka)K,ll;Oii: TO'!Ke 

rrpocTpaHCTBa. ,II:mI ,D;aJihHelimero HCCJie,n;oBaHH5I BBe,n:eM cpyHKll,HIO 

(6) 

KOTOpa5I Ha caMOM ,z:i:eJie eCTh MaCIIITa6 ofrbeMa BceJiemmli Tnna Bnamm-I. 

11cnOJib3Y5I npHH!IHil Han:MeHbmero ,n:eliCTBH5I, H3 (1) Haxo,n:HM ypaBHeHH5I CIIH

HOpHoro, CKaJI5IpHoro H rpaBHTaL\HOI-IHOro IIOJ!eii. Ilpe,n:noJiaraeM, <ITO Ii CITHHOpHoe, 

n: CKaJISipHOe IIOJISI 3aBHC5IT TOJibKO OT t' T.e., ·1/J = 'ljJ(t) Ii <p = i.p(t). Tor,D;a ,r:J:JI5I 

c1<am1pHoro noJI.11 noJiy<rae:v1 

<P = Cs/[r(l + AiF1)], Cs= canst. 

B cJiy<iae, I<or,n;a F = F(I), Fi = F1 (I) , /1,JI.H cnnHopHoro ITOJI5I irneeM 

S = C0 /r. KoMnoHeHThI cmmopHoro IIOJI5I nMeroT BH,ll; 

,.1, (t) = C1,2 -if(m-V)dt 
'1'12' &e , 

' yT 
"~ (t) = c3,4 ei f (m-1J)dt 
9·3,4 ..j7 ' 
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B c.rryqae, Kor,u,a F = F(J), F1 = F1(J), ,i1,m1 6e3MaccoBoro cmmopHoro rroJr.a 

rroJir1aeM P = D0/r. KoMrroHeHTbI cmrnopHoro nomr HMeIOT BH)I. 

·i/J1 = ~(Dici.f'gdt + w3e-if 9dt), (9a) 

'i/J2 = .)r (D2ci.f' gdt + ·iD4e-if Qdt), (9b) 

'ljJ3 = .)r (iD1eiJ9dt + D3e-if 9dt), (9c) 

'¢4 = _l_(iD eif9dt + D e-ij'9dt) ./i 2 4 ' 
(9d) 

r,u,e 9 = (q1>.)(dF/dP) + (q2>.1/2)cp2(dF1/dP). 
,II.m.1 rpaBHTaIJ;HOHHOrO IIOJU! IIOJIY'IHM CJie)JJ'IO~He ypaBHeHmI: 

a2 a3 a2 a.3 
K-Tf +A, (lOa) -+-+-- = 

a2 a3 a2 a3 
a3 a1 a3 a1 

K-Ti +A, (lOb) -+-+--
a3 ai a3 ai 
a1 a2 a1 a2 K-T] +A, (lOc) -+-+-- = 
a1 0.2 IL1 0.2 

a1 a2 a2 a3 a3 a1 
K.Tg +A, (lOd) --+--+-- = 

a1 a.2 a2 a.3 a3 a.1 

r,u,e TO'IKa 03HaqaeT ,u,mp¢epemi;MpOBaHim no t . 3)I,eCb T~ = r:(sp) + r:(m) eCTb 

TeH30p 9HeprHH-HMIIYJibCa MaTepMMbHbIX IIOJieli. B ,n;aHHOM c.rryqae, Kor,u,a CIIHHOp

HOe H CKami:pHoe IIOJIH 3aBHCSIT TOJibKO OT t H B CHCTeMe rrpHCJTCTByeT H,U,eaJibHM 

>KH,D;KOCTb KOMIIOHeHTbl 9HepmM-HMIIYJibCa HMeIOT BH,ll; 

rg = mS - q1>.F + ~ (1 + >.1F1)cp2 + e = Tg(sp) + e, (lla) 

Ti 
l Ti = Tt = 'DS + QP - q1>.F - ~ (1 + >.1F1)cp2 - p = Tf(sp) - p, (llb) 

PaBeHCTBO T{ = r:f = Tl II03BOJrneT Bbipa3HTb MeTpHqecKHe ¢YHKD;HH 

a;(t) = D;r113exifr!f, i = 1,2,3, (12) 

r,u,e D; H X; rrocTORHHhre HHTerpMpoBaHrrn, y,lI,OBJieTBopa10rri;He yc.rroBHRM 

TaKHM o6pa30M, Mb! BH,U,HM, 'ITO H KOMIIOHeHTbl CIIHHOpHoro IIOJrn, H MeTpH•Ie

CKHe cPYHKD;HH 3aBHCHT OT T . BoJiee Toro, MO>KHO IIOKa3aTh, qTO cPH3H'IeCKH Ha6mo

,n;aeMbte BeJIH'IHHbI, a HMeHHO: TOK, 3apH,n;, rromrasr 9HeprHH, a TaK)J(e HHBapHaHTbI 
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rpaBHTaD;HOHHOro rromi, TaKHe KaK CKa.mrpHaH KpHBH3Ha, HHBapHaHT Kpe'!MaHa H 

T.,n; • .HBJI.SUOTC.H cPYHI<D;H.HMH OT T ' II rrpH 3TOM BCer,n;a T = 0 .HBJI.HeTC.H IIOJIIOCOM. 

9To 03Ha'!aeT, 'ITO B mo6o:lii TO"!Ke rrpocTpaHCTBa-BpeMeHll, r,n;e r o6pam;aeTrn B 

HYJih, Bee 3TH BeJIH'IlIHbI CTaHOB.HTC.H 6ecrmHe•rno 6oJih!IIHMH H 3Ta TO'IKa .HBJI.HeT

CH CirnryJI.HpHofi. BBH,IJ;y BhIIIIe CKa3aHHoro, O'IeHb Ba)KHbIM IIYHKTOM ,IJ;aJibHeihnero 

lICCJie,n;oBaHHH .HBJI.HeTCR HaxO)K,ll;8HHe H ,n;eTaJihHbiti amlJIH3 ypaBHeHH.H ,ll;JHI T . 

CyMMa ypaBHeHHH (10a), (lOb), (10c) H (lOd), yMH02KeHHaH Ha 3, ,n;aeT ypaB-

HeHH.H ,D:JI.H T 

(13) 

Ecmr rrpaBa.H •raCTh ypaBHeHirn (13) ecTb HeKoTopan cpyimu;Hn, 3aBHcnm;an TOJibKO 

OT T' TO ero peIIIe1rne H3BeCTHO. 1{TQ6bI peIIIHTb ypaBHeHne (13), Heo6xo,n;HMO 3HaTb, 

KaK rrpaBaR 'IaCTh 3aBFICHT OT r . AJIR aToro BOCIIOJih3yeMCR TO)K,n;ecTBOM BHamrn, 

KOTOpoe B HaIIIeM CJiy<rae BhirmI,IJ;HT CJie,IJ;yIOID;lIM o6pa30M 

· o 7 ( o i) T0 + - T0 - T1 = 0. 
T 

(14) 

9To eCTb ypaBHeHHe ,ll;BlDKeHH.H HCTO'IHHKa rpaBFITaD;lIOHHOro IIOJI.H. c y'!eTOM ypaB

H8Hll.H COCTO.HHil.H H3 (14) MO)KHO HafiTH 3aBHCHMOCTb IIJIOTHOCTH 3HeprliH H ,n;aB

JI8HliH OT T. 0TMeTFIM, 'ITO ypaBHeHHe (14) ,n;JI.H CIIHHOpHoro Il CKaJIRpHoro IIOJieti 

BbIIIOJIHReTC.H Tmr<,n;ecTBenuo. EcmI B CHCTeMe rrpHCJTCTByeT em;e H H,IJ;eaJihHaH 2Kli,IJ;

KOCTb, ypaBHeHHe COCT05IHIHI KOTOpon 

P = (c:, ( E (0, 1]. 

TO H3 (14) ,ll;JI.H E: n p IIOJiy<raeM 

co 
s= 71+(' 

(15) 

(16) 

TiocJie noro OCTaeTCJI TOJibKO Bb!6paTb HemrneilHOCTb CIIHHOpHoro IIOJIR lI rrpoaHa

JIH3HpoBaTb IIOJiy<IeHHb!e perneHil.H. 

TaKHM o6pa30M, npaBaR •racTb ypaBHeHH.H (13) 3aBHCHT TOJibKO OT r FI ero 

M02KHO nepemrcaTb B Blr,n;e 

f = :F(r, q), (17) 

r,n;e q - COBOKYIIHOCTh rrapaMeTpOB. YpaBHeHHe (17) MO)KHO HHTepnpeT.HpOBaTb 

KaK ypaBHeHile ,ll;BlI)K6HH.H O,ll;HOfi 'IaCTilIJ;bl e,n;HHH'IHOfi MaCChI rro,n; ,n;efiCTBileM CH

JihI :F( r, q) . Tor,n;a cym;ecTByeT cJie,n;y10ni;rrit rrepBhIJ:i nHTerpan: 

72 + 2U(r) = 2E, (18) 

C IIOT8HD;HaJIOM 

U(r) = - j :F(r, q)dr. (19) 
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TiocTOHHHaH E B (18) MO}KeT 6bITb paCCMOTpeHa Ka.I{ 9HeprI-rn, KOTOpasr orrpe,n;e.rrsr

eTCH H3 Ha•IaJibHbIX ycJIOBHii. 3Hasr BH,n; IIOTeHII,HaJia, MO}KHO KaqeCTBeHHO npe,n;cKa-

3aTb noBe,n;eHne 7, a 3Haq:HT H THil 9BOJIIOII,HH Bce.rreHHOfii. 'YpaBHeHHe (17) ,n;eTaJibHO 

HCCJie,n;yeTCH H aHaJIHTH'IeCKH H 'lHCJieHHO npH p83JJHqHbIX 3HaqeHHHX napaMeTpOB. 

PelliaeTCH 3a,n;aqa KollIH. 

,ll;anee ,n;ocTaTOqffO no,n;po6Ho H3JiaraeTCH HCTopmr BBe,n:eHn.sr A-qneHa B KOCMO

norHIO n ero pOJib B 9BOJIIOIJ,HH BceneHHO:li:. 0K83bIBaeTCH, qTo B paccMaTPHBaeMOM 

cnyqae B 3aBHCHMOCTH OT 3HaKa A BceJieHHasr MO}KeT 6bITb BeqHo paCllIHpHIOIII,eil:cH 

( A > 0 , Tor,n:a OHa HrpaeT poJib TeMHoii aHeprHH) HJIH ocII,HJIJIHpyroIII,eii ( A < 0 , 
TOr,n:a OHa BbICTynaeT B Ka•reCTBe ,D;OIIOJIHHTeJibH0:11: rpaBHTaIJ,HOHH0:11: 9HeprHH). TipH 

9TOM B 3aBHCHMOCTH OT Bbl6opa aHeprnH E, BceJieHHasr MO}KeT 6bITb OCIJ.HJIJIHpy

rorn.e:li: 6ro CHHrynHpHOcTeii HJIH anep:Ho,n;11:qecKofii, Kor,n;a BceneHHaH CHaqana pac

ruHpHeTcsr, ,ll;OCTHraeT MaKCHMyMa H CHOBa C>KHMaeTCH B TO'IKy, IIOpO}K,ll;aH CHHry

JIHpHOCTb (BoJibmoii XpycT - Big Crunch ). TioKaaaHo TaK}Ke, qTo HeJIHHeiiHOCTh 

cnHHOpHoro no;rn MO:>KeT nopo}K,n;aTb perymipHoe pemeHHe. EcJIH HeJIHHef.iHOCTb 

B03HHKaeT 3a c•reT caMo,n;e:11:cTBHH, TO OHO COIIpOBO}K,ll;aeTCH HapyllieHHeM yCJIOBHH 

9Hepro,n;oMHHaHTHOCTH B TeopeMe XoyKHHra-TieHpoy3a 

3 
0 ~. 

T0 + L.J Tt ? O, Tg + Tf ? O, i = 1, 2, 3. (20) 
i=l 

B CJiyqae >Ke HH,ll;YII,HpOBaHHOil: HeJIHHe:il:HOCTH CIIHHOpHoro IIOJIH lIOJiyqeHO pery

JrnpHoe pellieHHe 6ro HapYJil6HHH 9TOrO yCJIOBHH Kor,n:a CTeneHb HeJIHHe:11:HOCTH OT

pHIJ,aTeJibHa H KOHCTaHTa CB5!3H IIOJIO}KHTeJihHa JIH6o CTeTieHb HeJIHHe:11:HOCTH no

JIO>KHTeJibHa H KOHCTaHTa CBH3H OTpmi;aT6JibHa. IlpH aHa.JIH3e pemeHHil: no,n:po6HO 

paccMaTpHBaIOTCH npo6JieMhl KOCMOJIOrH•IeCKOil: c1rnryJI5IpHOCTH H yCJIOBHH aHep

ro,n:oMHHaHTHOCTH. Ha,n;o CKa3aTb, qTO BBe,zi;emrn CaMo,zi;e:11:CTBHH CIIHHOpHoro IIOJIH 

npHBO,ll;HT K 6hICTpoMy pacmHpeHHIO BceJrnHHof.i, "ITO, B cB010 oqepe,n;b, ycKopsreT 

rrpon.ecc H30TpOIIH3aii;HH. 

Ha PHCYHKax 1 H 2 IlOKa3aH BH,n; rroTe:mi;:aa.rra H COOTBeTCTBYIOIII,aH eMy 9BOJIIO

Ii;HH BceJieHHof.i. 

,ll;anee B ,ll;HCCepTau;irn paccMaTpHBaeTCH CJiy<ra:ll:, Kor,n;a H KOCMOJIOrH•IeCKa5I IIO

CTOHHHaH (A- qJieH), H rpaBnTaIJ;HOHHaH rrocTOHHHaH ( G) 3aBHCHT OT BpeMeHH. lfa 
To:a<,n;ecTBa BHaHKH TIOJ1y•reHo ypaBHeHHe, co.n:ep}KaIII,ee npon3BO,ll;Hbte rro BpeMeHn 

OT G :a A. EcJI:a IIOTpe6oBaTb, 'IT06b1 BhIIIOJIHIDIOCb ypasHeHHe (14), TO .zi;mr A n 

G IIOJiy<IHM 

87rGTg - A = o. (21) 

,Ll;JIH pellieHHH aToro ypasHeHHH rrpe,zi;IIoJiaraeTCH, 'ITO A eCTb 3a,n;aHHaH <PYHKIJ.HH 

OT r, a HMeHHo: A= A0/r2 • 

HaKoHeu;, paccMaTpHBaeTCH CHCTeMa c MarHHTH0:11: >KH,n:KOCTbIO, KOTopaH TIPHBO

,n;HT K Heo,n;Hopo,n;HoCTH B TeH3ope aHepnrn:-HMITYJibca. B ,n;aHHOM cJiyqae B CHCTeMy 

BXO,ll;HT BCe qeTbipe IIOJrn: CKaJIHpHoe, 9JI6KTpOMarHHTHOe, CIIHHOpHOe H rpaBHTaII,H

OHHOe. B CHJIY Toro, 'ITO BBe,n;eHHe MarHHTHOil: )l(H,ll;KOCTH IIpHBO,ll;HT K HapyrneHHIO 
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PRc. 2: 8BOJIIOIJ,mr BceneHHOii: rrpH pa3-

HhIX Ha'IaJibHbIX 3Ha'IeHHIDC To . 

paBeHCTBa Tl = T:f = T], rncTeMa ypaBHeHHii: 8iiHlIITeiiHa (10) pelllaeTCil rrpH 

HeKOTOpbIX ,]J,OIIOJIHHT'eJibHbIX Tpe6oBamrnx. 8To Be)J,eT K TOMy, 'ITO rrpoIJ,ecc H30-

TpomnaIJ,HH rrpOCTO OTCYTCTByeT. 

B 3TOH rJiaBe C)J,eJ1aHbI CJie,D,yIOIIJ,He BbIBO)J,bl OTHOCHTeJibHO pOJIH KOCMOJIOrH'Je

CKOi1 rrocT05IHHOi1 A: (i) rrpH A = 0, Ha'IHHaH c HeKOTOpbIX 3Ha'lerrni1 T, 3BOJIIOIJ,HH 

BceneHHOii: ocTaHaBJIHBaeTcll, T.e., BceneHHall 6onbIIIe He pacIIIHp5IeTC5I co BpeMe

HeM; (ii) rrpH A > 0 rrpoIJ,ecc pacrrrnpeHHH BceneHHOi1 HHKOr,D,a He 3aKawrnBaeTc5I. 

B 3TOM cJiy'lae B03HHKaeT rrpo6neMa Be•rnoro ycKopeHRH. (iii) rrpR A < 0 rroJiy'laeM 

rrepHO,LJ,wrec1<0e peIIIeHHe. BceJieHHaH MO:a<eT 6bITh KaK perynllpHofi, TaK H CRHry

JI5IpHoi1 (BoJihlIIOi1 XpycT) B 3aBHCHMOCTH OT 3Ha'IeHHi1 rrapaMeTpoB. 

B ,JJ,HccepTaIJ,HH BrrepBbre 6bIJIO rroKa3aHo, 'ITO npR oTcyTCTBRR A -'IJieHa HeJIR-

. Hei1Hoe cmrnopHoe none nopmK,LJ,aeT peryJIIlpHQe pernemre. Ec.JIR HeJIHHeitHOCTh B03-

HHKaeT B pe3yJihTaTe caMO,LJ,eltCTBR.H, TO HapyrnaIOTCH YCJIOBR.H 3HeprO,LJ,OMHHaHTHO

CTH. B CJiy<rae :lKe HH,D,yIJ,HpOBaHHOi1 HeJIRHeiiHOCTR CIIHHOpHoro IlOJI.H IlOJiy<IeHO pe

rymrpHoe perneHRe 6e3 napyrneHR5I 3Toro ycJIOBH5I KOr,D,a CTerreHh HeJIRHeii:HOCTH 

OTpRIJ,aTeJihHa R KOHCTaHTa CB.H3H IIOJIO:arn:TeJihHa JIH60 CTerreHb HeJIRHei1HOCTH no

JIQ)KRTeJibHa H KOHCTaHTa CB5I3H OTpRIJ,aTeJihHa. TaK)Ke noKa3aHo, 'ITO HeJIHHeltnoe 

CIIHHOpHoe IIOJie rrpHBO)J,HT K CTpeMHTeJihHOMY pacrrrnpemno BceJieHHO:lt, 'ITO, B CBOIO 

O'!epe,LJ,h, yCKOpHeT rrpoIJ,ecc R30TpOIIH3aIJ,HR. 

Bo BTopoii: rJiaBe orrpe,LJ,em1eTC5! poJib B513Koit )!rn:)J,KOCTH B 3BOJIIOIJ,Hli BceneH

HO:lt H B03MO:lKHOCTb IIO.HBJleHR.H peIIIeHH51 THrra BoJibIIIO:lt Pa3pbIB. ,UJI.H aToro pac

CMaTpHBaeM caMOCOrJiaCOBa1rny10 CHCTeMy B3aHMO,D,eitCTBYIOIIJ,RX CilHHOpHoro R CKa

JUipHoro rroJieit B MeTpHKe BHamrn-I npR HaJIII'IllR B.513Kolt )KR,D,KOCTH R A-•rneHa. 

HaJIR'IHe B.H3Koit )KR,D,KOCTH MHoroKpaTHO ycJio:iKmreT 3a,D,a'ly, nocKOJibKY B 3TOM 

CJiy<rae ,D,Jrn Toro, 'IT06h1 HaitTH T, HY:lKHO peIIIHTh CIICTeMy ypaBHemrit. B OTJIH•rne 

OT H)J,eaJibHOH :lKli)J,KOCTR B ,JJ,aHHOM CJIJl.Iae liMeeM HepaBHbie KOMIIOHeHTbI TeH30pa 

3HeprRR-RMIIYJibCa. XoT.H rg(m) COBIIa,LJ,aeT c rrpe)J,bI,D,ylll,RM 3Ha'!eHIIeM, OCTaJlbHbie 
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P:rrc. 3: OTHoc:rrTeJibHoe noBe,n.eHne Tg :rr Tl rrpu F = sin(S). 
cha Kapnrna HarJI.H,ll.HO IlOKa.3bIBaeT, 'ITO B ,n.aHHOM CJiyqae Ha

pyIIIa!OTC.H ycJIOBII.H 3Hepro,n;oMHHaHTHOCTII. 

KOMTIOHeHTbI r:(m) OTJIII'Ia!OTC5! Ha BeJIIf'-UIHbI1 CBSI3aHHbie C B5!3KOCTb!O 1) 

:::. (22a) 

(22b) 

(22c) 

(22d) 

3,n.ecb € - IIJIOTHOCTb 3HeprHII, p - ,n.aBJI6HHe. 3aMeTIIM, 'ITO B.H3KOCTb rrepBoro po,n;a 

( o6'beMHasr B.H3KOCTb - bulk) II BTOporo po,n.a ( C,D;BHrOBa.H BSI3KOCTb - shear)' 1) H ~ 
COOTBeTCTBeHHO, IIOJIQ)!{HTeJibHO orrpe):\eJieHhI, T.e., 

T/ > 0, e > 0. (23) 

B O,ll.HOpO,D;HbIX MO,D;eJI5!X Bee 3Tll BeJI!f'IHHhI 3aB!fC.HT TOJibKO OT BpeMeH:rr, II03TOMY 

MQ)KHO C'HrTaTb HX cPYHKIJ;IHIMH TOJibKO OT IIJIOTHOCTil 3Hepruu: 

(24) 

)J,aBJieHne p CBR3aHO c IIJIOTHOCTbIO 3Heprm1 rrocpe,L\CTBOM ypaBHeHHR COCTORHHR 

(15). KoHe•mo, aTo rrpuBo,n;uT K 6oJiee cJimKHOMY Bbrpa)KeH.HIO )J.JIR MeTpu•recKHX 
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cPYHKU:HH, a llM8HHO: 

(25) 

l1crroJih3Y5! ypaBHemrn 9iiHIIITeiiHa, TO:iK,ll,eCTBO Bnamrn, a TaK:iKe orrpe,rr,eJieHne rro

CTO.f!HHOit Xa66Jia H , BhIBO,lJ,HM CIICTeMy HeJIIIHeitHhIX o6bIKHOBeHHbIX ,rr,mp¢epeH

U:IIaJibHbIX ypaBHeHn:ii: ,ll,.115! T , H II c 

3Hr, 

~ (3~H - w) - (3H2 - Kc - A)+~ (Tg(sp) + T{(sp)), 

3H(3UI - w) + 477(3H2 - KC - A) - 477K,Tg(sp)· 

(26a) 

(26b) 

(26c) 

CrrcTeMa ypasHeHrrit (26) peIIIaeTCSI rrocTerre1rno: CHa•ra.r.ca TOJihKO c B5I3KOit )KII,rr,

KOCThIO II A-qJieHOM, ,rr,a.r.cee BBO,Ll,IITC.fl caMo,n;eiiCTBHe CITHHOpHOrO IIOJUI II, HaKOHeu:, 

B3aHMO,Ll,eficTBYIOiu;He CITHHOpHOe l:I CIGL'rnpHoe IJOJI.51. B OTJIWIHe OT rrpe,D,bl,Ll,Yiu;ero 

cJiy<Iafl A He nrpaeT peIIIaioru;efi poJin B 3BOJIIou;mr. BceJieHHaSI MO:iKeT 6brTh pacnrn

p5I1oru:eiica HJIII u;HKJIH'!eCKOit He3aBI:ICI:IMO OT 3HaKa A , 'ITO n rrpo,D,eMoHcTpIIpoBaHo 

Ha pncyHKax 4 Ii 5. 

60 

40 

Pac. 4: I3n,n:hr TIOTeHI:t;HaJIOB, COOTBeT

CTBYIOrr:t;I:Ie pa3HhIM 3HaKaM A - '!Jie

Ha. 

0 0,2 0,4 0,6 0,8 1,2 1,4 t 

PIIc. 5: 9Bomou:rrn T B 3aBnCHMOCTH 

OT 3HaKOB A - '!Jieua. 

CncTeMa HMeeT TO'!Ubre peIIIenIIa TOJihKo npn HeKOTOphlx KOHKpeTHbIX BhI6opax 

B5!3KOCTll. 

(i) EcJII:I B5I3KOCTh rrepBoro po,rr,a OTCYTCTByeT, a B5!3KOCTh BToporo po,rr,a o6paTHO 

rrponopu;HOHaJibHa paCIIIIIpeHI:I10 0: 

~e = 3~I:l = C2, C2 = const., 'T/ = 0. (27) 
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(ii) B o6ru;eM cJiy'!ae CliCTeMa ,n;orrycKaeT TO'!Hoe perrreHlie, ecJili B.H3KOCTb rrepBo

ro po,n;a o6paTHO rrporropl\IimiaJlbHa pacurnpemuo, a B.H3KOCTb BToporo po,n;a eCTh 

IlOCTO.HHHa.H BeJIH'"lliHa, 

3 1 
ry = --H = --0 ~ = const. 

2K 2~ ' 
(28) 

BBii,lJ;Y Toro, 'ITO paccMaTpliBaeMasr c:rrcTeMa :rrMeeT 3Ha'IHTeJihHhrfi liHTepec c 

MaTeMaTli'I6CKOM TO'!Kli 3p6Hli.H, rrpOii3BO,Il,liTC.H Ka'!eCTBeHHblll Ii 'IHCJieHHbIM aHa

Jili3 rroJIHO.fi CliCTeMbI. IIo,n;po6Ho H3y'!aeTc.H poJib HeJI:rrHefiHOCTli, Macchr cn:rrHopHoro 

IIOJI.H, B.H3KOCTH H A-'IJieHa )J,JI.H IIOJiy'!eHli.H Toro liJIH HHOro BH)J;a perneHH.H. 

B Ta6JIHI\e 1 rroKasaHhI Ka'IeCTBeHHO pa3JIH'IHbre THIIbI aBomou;1111 ( cpasoBbre 

rropTpeThr) B saBHCiiMOCTli OT rrapaMeTpOB f3, A and (1+()/ B B rrnocKOCTli v = 0, 
r,IJ,e v = l/r. 

B Ta6nHu;ax 2 H 3 rroKasaHbI cpasoBhle rropTpeThI B IIJIOCKOCTli c; = 0 . B Ka•re

CTBe rrapaMeTpOB Bbr6paHo n = 1 Ii >. < 0 . Ta6mru;a 2 cooTBeTCTByeT HeJIHHefiHoMy 

CrrliHOpHOMY rromo, Ta6Jiuu;a 3 - B3aliMOAeficTBYIDID;liM cmnropHOMY H CKaJI.HpHOMY 

IIOJI5IM. KaK BH)J;HO Ii3 Ta6nuu;, BBe)J,eHHe CKaJI5IpHoro IIOJI5I rrpliBO)J;liT K II05IBJI6HliIO 

HermTopofi 30Hbl (rrJIOCKOCTli B TpexMepHOM rrpocTpaHCTBe), He II03BOJI5IIOru;eii: Tpa

eKTOpli5!M rrepeXO)J,HTb li3 0)1,HOii: 'IaCTH rrpocTpaHCTBa B .rr,pyryro. 

Cpe.rr,H TpaeKTop:nfi aBomou;nn 06Hapy:11rnBa10TC5I n TaKne, Ba)KHOfi oco6eHHO

cTbJO KOTOpbIX 5!BJI5IeTC5! pe:ll<HM c o6ocTpeHneM, Kor.rr,a KaKa5!-TO BeJIH'IHHa 3a KO

He•rnoe BpeMH BbipacTaeT )J,O 6ecKoHe•rnocTn. HeTpHBHaJibHbI.fi liHTepec BhI3hIBaIOT 

pe)KliMbl c o6ocTpemieM B TeOpHH KaTaCTpocp Ii ,n;eMorpacpliH, a TaIOI<e B TepM0-

5!1J:epHOH cpH3HKe Ii cpH3liKe IIJI33Mb!. 

Bo BTopo.fi rnaBe BbUICHHeTCH poJih B5I3KOii: )KH,Il,KOCTli B 9BOJIIOI\Hli BceJieHHoii:. 

BbIJIO IIOKa3aHo, 'ITO )J,JI5I IIOJIY'IeHH5I TO'IHbIX pemeHlill CliCTeMbI Heo6XO)J,liMO rrpli

H5ITb )J,OIIOJIHliTeJibHbie ycJIOBH.H Ha B.H3KOCTb, rrpli 3TOM BO BCex paCCMOTpeHHbIX 

cny<raHx rrm<asaHo, 'ITO A-•meH He nrpaeT orrpe.rr,eJIHIOru;efi ponli B Ka•1ecTBeHHOM 

rroBe.rr,eHnli BceJieHHO.fi. BrrepBbre B paMKax Mo,n;eJili 6e3-cpaHTOMHOii: MaTepHH 6bIJili 

rrony<reHhI pemeHli5I Tlirra Bonbmoro Paspbma (Big Rip or blow up), KOr)J,a BceneH

HaH li IIJIOTHOCTb 3Heprlili CTaHOB5ITC5I 3a KOH6'IH0e BpeM.H 6ecKOHe'IH0 60JibllIHMli. 
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A>O A=O A<O 
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-•.l ..... , •••••.• 

:~~····''''". a) b) 

(3 = 1/2 ~>~ ~ ~ .. ~ 

.u·'-.OHO.<U UU ~:~ '''" I '' '·' 

c) d) 

ill<~ 
:;~ j~ .. ~~ . .. B . :;~ u 

" o.t•.ol ..... !,11 .. <.• ... 01 U U U I U !A f) 

f'~ ~ ;i~ 1/2 < (J < 1 ··~ ,___;;,~ .. :-.:~ 
O! ---... . , ···~ -;ro•""'11'.'i"'1:0 .. , t.1 •• u ... -r:r-r.-- .,.: o. < o.t u ',11 I_. .. 

e) g) h) 

(i = 1 l1f > 3A 

'.¥:::: ill< 3A :: ------B ,, 
-o.t t~ M H If t I.I U 

i) 
f3 > 1 

Ta6mui;a 1. KJiaccmpIIKaII,II5.t Ka•recTBeHHO pa3JIII'IHhIX THIIOB ::JBOJIIOII,IHI ( <J?a30BhIX 

rropTpeTOB) B 3am1cIIMOCTII OT rrapaMeTpOB f3, A and (1+()/ B B IIJIOCKOCTII v = 0. 
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A<O 

m< 0 • a b c 

m=O 

d e f 

m>O 
±I ±I ±I 

g h 

Ta6mru;a 2. <Da30Bhre 11opTpeTbI B IIJIOCKOC'l'li c = 0 B CJiy-rae caMo,n;ell:crnmr 
crrrrHOpHoro nomr rrpn >. < 0 . 

A< 0 A =0 A>O 

H 0,5 

m<O -0,5 

_, 

a b c 

m=O 
_, 

Ho.5 ~~ 
MC-::-ttH-h:,r- ,'" ' -0.5 ' _,, 

d e f 

m> 0 

g h 

' Tafornu;a 3. <Da30Bhie rropTpeTbI B IIJIOCKOCTH c = 0 B CJry-rae B3arrMo,n;e:iicTBHH 
cmrnopHoro rr cKami:pHoro rroJiell: rrprr >. < 0 . 

B TpeThe:il rmme rr3yr-raeTcH 3BOJIIOIWH BceJieHHO:ll THrra BrraHKH-I rrpI:I Ha-
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1,5 

1,0 
ATAN(e) 

0,5 

0,0 

0,0 

1,5 

Pnc. 6: TpaeI<Topmr 3Bomou;nn B CJiy<Jae crrnHOpHoro IIOJI5I c caMo,IJ,efi:cTBH
eM. 

JUi'IIIH TeMHOH 3HeprHH. 3aMeTHM, 'ITO Op:HOH H3 OCHOBHbIX II8Jieii KOCMOJIOrH'Ie
CKHX Mo,.n;eJiefi: .HBJrneTC.H omrcaHHe pa3HhIX cpa3 3BOJIIOI1HH BceJieHHoit. ITepBa.H ::irro
xa rrpe,.n;cTaBJI.HeT co6oii: rrepno,.n; 6brcTporo pacurnpeHH.H BceJieHHOii:, l!3BeCTHoro KaK 
HHcPJI5!1IHOHHhifi rrepno,.n;. BoJiblllMHCTBO Teopnii: OIIFICbIBaeT 3TOT nepFIO,ll; c IIOMO
!IIhIO cKamrpHoro IIOJI.H ( rnnoTeTn<IecKnii: HHcPJiaToH - infl.aton). CJieJzyIOIIIa.H arroxa 
CB.H3aHa c 3aMe,.n;JieHHeM, r,.n;e MaTepH.H FI H3JIY'I6HHe ,Il;OMHHHPYIOT Ha,n: CKaJI5!pHbJM 
rroneM. HacT051ru;a.H apa xapaI<TepH3yeTC5I ycKopeHHhIM pacnrnpeHneM, r,.n;e rrpeo6Jia
,ll;aIOT TeMHa5I MaTepn5I II TeMHa5I ::itteprn.H. TaK)Ke 06cy)!(,ll;a10Tca KpHTep:irn H30Tpo
ITH3al\HH, rrpo6JieMa HHcPJI5IIIliH II Be•rnoro yc1<0peHH5I. B KatieCTBe TeMHOii: :meprHH 
paccMaTpHBaIOTCH KaK H3BeCTHhre HCTO'IHHI<H ( A- •IJieH, KBHHT3CCeHI1H5I, ra3 lfa_ 
ITJibirHHa) TaK 11 HeTpa,n:m:~IlOHHbie HCTO'IHl!KH ()Kil,ll;KOCTb BaH-,n:ep-BaaJibCa, H8Jil1-
Heii:Hoe CIIHHOpHoe IIOJie), KOTOpbie cnoco6HbI o6'b.HCHHTb ycI<opeHHOe pacurnpeH11e 
BceJieHHOfi. I1po6JieMy BetIHoro yCKopemrn pa3Hbre aBTOphr pemamT pa3JIHqHbIMH 
crroco6aMH. B ,ll;HCCepTaIIIrn: BBO,ll;HTC5I KBHHT3CC8HIIH5I c MO)J.HqlHIIHPOBaHHblM ypaB
H8HHeM COCT05IHH5I c II8JibIO ycTpaHJ!Tb rrpo6JieMy B8'IHOro ycKopeHH£. 

Ilo ananormr c MeTpHKOH <I>pn,n:MaHa-Po6epTCOHa-YoKepa BBO,zi:5ITC5I 
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l,5 

l,O 
ATAN(E) 

0,5 

0,0 

0,0 

1,5 

PHc. 7: TpaeKTOpHLl 9BOJIJO~HH B cJiy<rne B3aHMo.n;eii:cTBymm;Hx crrHHOpHoro 
H CI<a.JrnpHoro IIOJieii:. 

nocToaHHa£ Xa66Jia 
JI= 7/3T, 

o6o6m;eHHhrii: rrapaMeTp 3aMe,n;JieHHa 

ycJIOBHe H30Tp0IIH3a~HH 

a;/a ~ const > 0 a= r1!3 rrpn 

H ypaBH8HHe ycKopeHH5! 

f 3 ( 1 o) -; = 211: T1 +Ta . 

(29) 

(30) 

(31) 

(32) 

KaI< H B rrepaoti rJiaBe, 3.n;ech TaK)Ke HMeeT MeCTO paseHCTBO Tl = T:j = Ti . 
BBH/J:Y Toro, <JTO Te:vrna5l aHeprH5l He B3aHMo,n:eficTsyeT c ,n:pyrnMH ITOJI5IMM, ypasrre
rru.a (14) pacm;enm1IOTC7!. B rrTore noJiy'!aeTc.a o.n;rro ypaBHeHne fl:JIL! rraxo)K,n:eHrr.a T 

THIIa (17). 
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HaTIOMHHM, 'ITO KOCMOJIOrH'!eCKHe MO,IJ;eJm pa3pa6aThIBaIOTC.11 ,IJ;JI.11 OTIHCaHH.11 

pa3JIH'IHhIX cPa3 3BOJIIOIJ;HH BceneHHOii:. ITpe,n;rronaraeTc.11, 'ITO Harna BceneHHa.11 rro

'ITH cpa3y IIOCJJe pO)K,ll;eHH.11 rrepe:tirnJia HHcPJI.IIIJ;HOHHYIO ¢a3y. 8TO COCTO.HHIIe o6bI'I

HO MO,ll;YJIFipyeTC.11 c IIOMOrn;hIO CKaJI.HpHoro rromr. B ,n;aHHOH ,ll;l!CCepTall,HH npe,n;nara

eTC.11 B Ka1 IeCTBe HCTO'!Hl!Ka nepBOHa1 IaJibHOro ycKopeHl!.11 HCITOJib30BaTb )KH,ll;KOCTb 

BaH ,n;ep Baanhca. "YpaBHeHH.11 cocTO.HHH5I B 3TOM cnyqae HMeIOT Hemmeii:Hhrii: xa-

paKTep 
8Wcw 2 

Pw = -3-- - 3cw· 
-E:w 

(33) 

Tipn HeI<OTOpbIX 3Ha1reHH.IIX rrapaMeTpOB B Ha1 rane 3BOJIIOIJ;HH MO)KeT HMeTb MeCTO 

,ll;OBOJibHO 60JibIIIOe OTpuri;aTeJihHOe ,n;aBJieHHe, 'ITO B CBOIO o•iepe,n;b MQ)KeT 6hITb 

HCTO'IHHKOM FIHcPJI.HIJ;HH. Ha pncym<ax 8 H 9 IIOKa3aHhI 3BOmou.n.11 BceJieHHOii: H 

ee ycKopeHne. He3aBHCHMO OT 3Har<a A HacTmrrn;an Mo,n;enh rropmK,n;aeT 6hICTpo 

pacTyru.ym BceneHHy10. 3,n;ecb H1 = 0.5 , a A HMeeT cne,n;ymu~He 3Ha1reHun: A = 
0' A = 1 H A = -0.01 . 

'·' 2 t 2,5 

Puc. 8: 8Bomori;Hn BceneHHOii: npH Ha

JIH'IHH )KH,n;KOCTH BaH ,n;ep Baanbca. 

P11c. 9: "Ycrmpemrn BceneHHoii: rrpu Ha

JIH'll!l! :tirn,n;KoCTH BaH ,n;ep Baanbca. 

KaK H3BeCTHO, TeMHan 3Heprun rropmr<,n;aeT Be•moe ycrmpemrn. ,I(Jrn Toro, 1IT0-

6br ycTpaHHTb 3TY rrpo6JieMy, rrpe,n;JIO)KeHa KBl!HT3CCeHIJ;l!.H c MO,n;H¢Hri;HpOBaHHbIM 

ypaBHeH.lrnM COCTO>IHIUI 

PDE= w(E:DE - Ccr), (34) 

r,n;e w E [-1, 0) . 3,n;ecb C:cr - HeKOTopa.H r<pHTH'IeCI<a.H IIJIOTHOCTh 3HeprHH. B 1racT

HOCTH, rrpl! E:cr = 0 IIOJiy<IHM 06br1rny10 KBl!HT3CCeHIJ;l!IO. KaK H3BeCTHO, c paCIIIl!pe

HHeM BceneHHOii: IIJIOTHOCTh aHepnrn y6hrnaeT. Bcne,n;cTBHe 3Toro, 6y.rzy<IH JIHHeiiHoii: 

OTpHIJ;aTeJibHOii ¢YHKIJ;Heii ITJIOTHOCTH 3Hepnrn, COOTBeTCTByIOrn;ee ,n;aBJielrne Ha'IH

rraeT paCTH. KaK II3BeCTHO, B CJiyqae o6bI'IHOii KBHHT3CCeHIJ;IIII ,n;aBJJeHIIe OCTaeTC5I 

Bcer,n;a oTpIIll,aTeJibHhIM, 'ITO II npnBo,n;n:T I< Be1 m0My ycr<opeHmo. KaK BII,Ll,HO H3 (34), 
B CJiy<Iae KBHHT3CCeHI!HII c MO,ll;HcPHJ:J;l!pOBaHHb!M ypaBHeHIIeM COCT05IHH5! ,n;aBJieHHe 

CTaHOBHTCSI IIOJIO:tI<IITeJihHb!M KaK TOJibKO 3Ha'IeHHe eq CTaHOBHTC.H MeHhIIIe KpIITH

'IeCKOro. Ha pucyHKe 10 rroKa3aHo, KaI< MerrnroTc.11 rrJIOTHOCTh 3Heprmr n: ,n;aBJieHn:e 
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BO BceJieHHO:ti, 3aIIOJIHeHIIOii KBFIHT3CCeHii;Heii c MO)J;HcPliIJ,HPOBaHHbIM ypaBHeHHeM 

cocTO.fIHmr. Ha pHCYHKe 11 noKa3aHhI THIIbI ycKopeHHfI BceJieHHo11 npH pa3JIH'IHbIX 

HCTO'lHHKax. 3,n;ecb r, q H q-m o603Ha'laIOT FI3Jiy'leHHe, CMeCb FI3JIY'leHH5I c o6bI'l

HOi!: KBHHT3CCeHI:r,Hei!: H CMeCb H3JIYT.J:eHH5I c KBHHT3CCeHIJ,Hett c MO)J;HcPFIIJ,HpOBaHHbIM 

ypaBHeHHeM COCTO.HHHH, COOTBeTCTBeHHO. 

PHc. 10: ~HHaMHKa IIJIOTHOCTH 

3HeprHH H ,n;asJieHHH B CJiy'lae 

KBHHT3CCeHIJ,HH c MO)J;HcPHIJ,HpOBaH

HbIM ypaBHeHHfIM COCTOHHlUI. 

r 

so "' 150 ... 

PHc. 11: BH,n;hI ycKopeHHH G pa3JIH'I

HbIMH HCTO'lHHKaMH. 

~a.rree HCCJie.zzyeTCfI B03MO)KHOCTb pacCMOTpeHHH HeJIHHei!:Horo CTIHHOpHoro IIO

Jl5I KaK HCTO'IHHKa ycxopeHMH. 0Ka3bIBaeTC.fl, 'ITO rrpH HeKOTOpbIX BbI6opax HeJIH

Hei!:HOCTH cnHHOpHoro noJIH B03MO)KHO ycKopeHHOe pacnrnpeHHe. B rrepBott rJiaBe 

6bIJIO IIOKa3aHo, 'ITO 'HeJIHHei!:HOe CIIHHOpHOe IlOJie npHBO,ll;HT K 6bICTpOMY pacnmpe

HHIO BceJieHHoii, B pe3yJibTaTe •rero H npoIJ,ecc H30TPOIIH3aIJ,HH HacTJnaeT paHhme. 

B ,n;aHHOi!: rJiaBe IIOKa3aHO, "iTO npFI y,n;a"iHOM Bbl6ope KOHCTaHT CaMo.n;ettcTBHH HJIH 

B3aHMO,n;eiiCTBHH CTIHHOpHOe IIOJie FIMeeT OTpFIIJ,aTeJibHOe ,n;aBJI0HFie, T.J:TO npHBO)J;HT 

K ycxopeHHOMY pacmMpeHFiro, KOTopoe Ha6Jiro,n;aeTCH B HaCTOHIIJ,ee BpeMH. Ha pM

cyHKax (12) FI (13) npo,n;eMOHCTpFipoBaHo ycxopeHHOe pacmFipeHFie BceJieHHOi!: npH 

IIOJIO)l(HTeJibHOi!: H OTpmi;aTeJibHO:ii KOHCTaHTe CBfI3H >. . 
Haii:.n;eHo, 'ITO, ecJIH HeJIHHeiiHOCTb cmrnopHoro IIOJIH B03HMKaeT 3a C'IeT caMo

.n;elkTBHH H HBJIHeTC5I cPYHKIJ,Hei!: OT s, TO HeJIHHeiiHOCTb THIIa 

F = -vsi+w + mS {35) 

OIIHCbIBaeT H)J,eaJibHYIO )I<H)J;KOCTb OT <PaHTOMHO:ii ,n;o 3KIIHpOTH•IeCKOii MaTepHH B 

3aBHCHMOCTH OT 3Ha"ieHFI5I w. 3,n;ecb v - IIOCTOHHHM HHTerpnpoBaHHH. B CJiy'Iae 

ra3a 'tfaIIJibirFIHa c ypaBH0HHeM COCTOHHHfI p = -A/ c"I HeJIHHe11HOCTb CIIHHOpHoro 

IIOJIH HMeeT BH)J, 

(36) 

B TpeTbe:ll: rJiaBe BnepBbie 6bIJIO IIOKa3aHO, "iTO c IIOMOIIJ,bIO HemrneiiHoro CIIH

HOpHoro 110JI5I MO)KHO Mo,n;eJIHpOBaTb KaK n,n;eaJibHYIO :>KH)J,KOCTb TaK H TeMHYIO 
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P:irc. 12: YcKopeHrre BceJieHHOii 

rrprr >.. > 0. 

f ~ 'f3 
3 \ 

\'f1 

1 !2 

·1 

4 t 5 

Prrc. 13: YcKopeHrre BceJieirnoll: 
rrprr ,\ < 0. 

::meprmo. HaMH rrepBhIMH 6hIJIH rroKa3aHhI, 'ITO 'ITO rrp:ir HeKOTOphIX KOHKpeTHhIX 
BhI6opax IlCXO,IJ;HbIX rrapaMeTpOB MO,n;emr, HeJIHHeii:HOCTh CIIIlHOpHoro rromI MO:a<eT 
rropo:>K,n;aTh rro3,n;Hee ycKopeHrre, T.e., ycKoperr:ire, rra6mo.n;aeMoe B HaCTOHIIIee BpeM5L 
BrrepBhie 6bIJIH Hail:,n;eHhl THIIhl HemrneiiHOCTH, rrp:ir KOTOphIX CIIIlHOpHoe IIOJie orm
CbrnaeT H)J,8aJJhHYIO )KH,Il;KOCTh H T8MHYIO 3Heprmo. BhIJIO TaK)Ke IIOKa3aHO, 'l:TO BBe
,IJ,emre )!(fl,D;KOCTH BaH-,n,ep-Baarrhca MO)KeT reHepnpoBaTh Ha•raJihHYIO HH¢JI>ID;mo. 

BrrepBbie 6hrna BBe,D,eHa KBHHT3CC8HIJ;H51 c MO)J,Hcpnn;npoBaHHhIM ypaBHenneM COCT0-
51HH5.!, KOTOpaH rropO)K,IJ;aeT Il,HKJIH'ieCKOe perneH:ire H TeM caMhIM H36aBmieT MO)J,eJih 
OT Be•rnoro ycr<0peHm1. BhrJia Taror<e :a3y•1erra 3BOJIIOIJ,H£ BceJieHHOfi rrpn HaJirr•m11 
KOCMOJIOrH•IeCKOil: IIOCTOllHHOil:, KBHHT3CC6Hll,HH H ra3a qaIIJihirHHa, COOTB6TCTBeHHO. 

B 'leTBepToii rJiaBe paccMaTprrBaeTcH caMocorJiacoBaHHa>I c:ircTeMa B3arrMo
,IJ,eil:cTBYIOIIJ,nx crrmropHoro H CKM51pHoro IIOJieii B paMKax MO,D;eJIH THIIa BrraHKII-VL 
CooTBeTCTBYIOIIJ,a>I MeTpnKa IIMeeT BH,D, 

(37) 

r.n;e a1, a2, a3 - ¢YHKI.J;I'Ill OT BpeMeHir. 3,n;ecb ni, nz - H8KOTOpbre IIpOil3BOJihHhie 
rrocTOllHHhie. 3aMeTrrM, 'ITO BVI MeTpIIKa MO)J,eJIIIpyeT aHII30Tporrrry10 :a Heo,n;aopo,I\
HYIO BceJieHHyro. Tio,n,xo,n,51IIJ,Hii B116op rrapaMeTpoB ni, n2, a TaK)Ke MeTprr•recr<rrx 
cPYHKIJ,Hii a1, a2 , a3 B MeTpm<e BVI, 3a,IJ,arrnoii: (37), renepIIpyeT cJie.n;ymIIJ,:rre TIUibI 
BceneHHofi: n 1 = n 2 , BVI ==? BV; n 2 = 0, BVI ==? BIII; n1 = n 2 = 0, BVI 
==? BI; ni = n2 = 0 rr a1 = a2 = a3, BVI ==? FRW. 

ITo.n;po6Ho BhIIIHCaHa KOBapnaHTHan rrpon3BO,D,Ha51 crrIIHopnoro rromr )J,Jill ,n,arr
IIOH MeTpIIKII. B 3TOM cJiy•me ypaBrrerrmi: crmrropaoro rroJin IlMeIOT 6oJiee CJIO)KHbiii 
BII,IJ, n pernaIOTC51 rrpII neK0Top11x ,n,orroJIHIITeJihHbIX ycJIOBII51X. BoJiee CJI0)1m1rii BII,D, 

rrpIIo6peTalOT II ypaBHeHII5I .n;pymx ITOJieli. 
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YpaBHeHH5! 9ti:HmTeti:Ha B 9TOM cJiy'Iae IIMeIOT BH,n; 

K.T{ +A, (38a) 

"'Ti +A, (38b) 

= K.Tt +A, (38c) 

= K.Tg +A, (38d) 

KTf. (38e) 

Tipe,n;rrOJIQ)KHM, 'ITO crnrnopnoe H CKaJI5IpHOe IIOJI5! 3aBHC5IT TOJibKO OT t . Tor,n;a H3 
(38e) rronrrn:M 

(39) 

YpaBHeHne .n:.mr 7 B .u.aHHOM cnyqae HMeeT m1.n:.: 

(40) 

TaKIIM o6pa30M, ypaBHeHII.H ,II.Jrn cnIIHOpHoro rroJI.H :a 7 .HBHO co,n;ep)KaT a3 . 3a,n;a
'!a pemaeTC.H B npe,n;rroJIO)Kemrn, 'ITO (i) 7 = as HJIH (ii) 7 = a~. Tor,n;a pemeHH.H 
ypaBHeHHii crnrnopHoro noJI5! HMeIOT Taimii 2I<e BH,n;, 'ITO II paHee. YpaBrrerr1n:r ,n;mI 
r .u.orrycKaIOT pacnrnp.Hrom;yroc.H IIJIII oc11,IIJIJIHpyrom;yro BceneHHyro B 3aBIICIIMOCTH 
OT 3HaKa A . B Ka•1ecTBe nennneti:nocTH crrnnopHoro rrong paccMaTpHBaeTcn KaK 
CTerrennan cPYHK11,mr, TaK H TpHrOHOMeTpII•recKan cPYHKIIIrn. B OTJIH'Ilie OT BI, ,n;aH
Ha5! MO,n;eJih He ,n;or:rycKaeT H30TpOIIH3all,flli. 0TMeTIIM, 'ITO, XOT5! rrpII orrpe,n;eJierIHOM 
Bht6ope n 1 :a n2 MeTpnKa BVI nepexo,n;IIT n BV, BIII, BI II FRW, noJiy<reHHhie 
perneHH.H He nepexo,n;m ,n;pyr B .n,pyra II3-3a HaJIH'III5! cooTHOIIIe1rnn (38e). 

Ha pncynKe 14 rroKa3aH BH,n; noTeH11,Hana rrpn pa3HhIX 3HaKax A , a Ha pIICYHKe 
15 nor<a3aH BH,D, 7 rrpH 0Tpn11,aTeJihHOM 3Ha'IeHIIH A. 

B aToii rJiaBe mrepBbie 6bIJIO rror<a3aHo, qTo rrpu ner<oTOpbIX crrerrHaJibHbIX BbI-
6opax HeJIHHeITHOCTH ,II.aHHM MO,n;eJib rrop02I<,n;aeT OCI.1,IIJIJIIIPYIOII.1,YIO BceJieHHyro, H 
B 3aBIICHMOCTII OT Bb!OOpOB rrapaMeTpOB OHa MO)KeT Ob!Tb KaK perymrpHOti:, TaK H 
CHHryJI5IpHoit Tipn 9TOM peryJI5Ipnoe peIIIeHHe corrpOBO)K,II.aeTc.a HapyrrreHIIeM ycno
BII5l 9Hepro,n;OMHHaHTHOCTII. I101ca3aHO TaK)Ke, 'ITO rrapaMeTpbI nr, n2 nrpaIOT cy
m;eCTB€HHYIO pOJib rrp:a MaJibIX 3Ha•reHH5IX 7 . 

B n.HToii rJiaBe paccMaTp1rnaeTc.a cncTeMa B3anMo,n;e:HCTByrom;nx Hemrne:HHo
ro CIIHHOpHoro II CKaJI5IpHoro IIOJierr B IIJIOCKO-CHMMeTpII'IHOH MO,D;eJIH, 3a,n;aHHOH 

(41) 
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A>O 

4 t 5 

P.11c. 14: BJ.r,n; IIOTemi;.11arra U 
rrpn pa3HhIX 3HaKax A . 

Pnc. 15: 9BOJIIOIJ;.II.SI 'T rrp.11 OT

pnIJ;aTeJihHOM 3Ha'!eHn.II A . 

r,ll,e MeTpn•recrrne ¢ym<IJ;HH x, (t, /J 3aB.IIC5IT TOJihKO OT rrpocTpaHCTB8HHOit rrepeMeH

HOH x .11 y,n,oBJieTsop21roT CJie;zyroIIJ;eMy 1<oop,n,.11HaTHOMY ycJIOBHIO: 

a= 2(3 + X· 

'YpaBHeHirn 9iiHIIITeiiHa B 9TOM cJiy•rne l!Me!OT BH,rt; 

e-2a.(2f3" - 2x'/3' - /3'2) 
e-2a. (2x' (3' + (3'2) 

e-2a. (f3" + x" - 2x' /3' - {3'2) 
G~ = G~, Ti 

-x:Tg, 
-x:Tl, 
-x:Tf, 
Tf. 

(42) 

(43a) 

(43b) 
(43c) 
(43d) 

3,n;ecb IIITpHX 03Ha'!aeT rrpOI!3BO,D;Hyro ITO x . PacCMOTpHM CIII!HOpHoe II CKaJI.SipHoe 

rrOJrn, 3aBHC.SIIIJ;He TOJihKO OT x . B c:imy <>Toro HMeeM: 

(44) 

Tor,n;a ,D,JI.SI MeTpwrncKHX cpyHKIJ,Hli HMeeM 

1 
{3(:r:) = 3(a(:1;) + B:c), 

1 
x(x) = 3(a(.1:) - 2B:i:). (45) 

Bh1pa)K8HHe ,[(JI.SI o: uaxo,n;HM H3 ypaBneHH.SI 

[ dw ] a'2 - B 2 = -3x:e2<> mS - F(I, J) + 21 dY - w(Y) . (46) 

KaK BH,rt;HO H3 (46), rrpO.II3BOJihHOCTb BhI6opa HeJIHHeitHOCTH CIIHHOpHoro I!OJI.SI ,n;aeT 

B03MO)J(HOCTh aHHYJIIIpOBaTb BJIHHHI!e CKMHpHoro IIOJIR Ha rrpOCTpaHCTBa-BpeMeHH, 

XOT.SI OHO BIIOCHT BKJia,n; B I!JIOTHOCTH 9HeprHH H IIOJIHYIO 9HeprHro CHCT8Mh!. 
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YpaBHeHHe ~ cmrnopHoro no.lllI B 3TOM CJIY'Iae HMeeT BH,n: 

{47) 

KaK H paHbme, rrpe,n;nOJIO)KHM, 'ITO Hemmeil:HOCTb CIIHHOpHOro IIOJrn: eCTb ¢YHKD;H5I 

HJIH OT l = 82 ' HJIH OT .J = P2 • PacCMOTPHM CJiy'Iafi c F = F(S), Fi = Fi(S). 
Tor)J.a HMeeM 

S =Coe-°', C0 = const. {48) 

l'.lcrroJib3YH ( 48)' pemeHHe ypaBHeHHH ( 46) OTHOCHT6JibHO s 3aIIHIIIeTCH B KBa,n:

paTypax. Tor,n.a KOMnoHeHThl cmrnopHoro H cKami:pHoro noJieil:, a TaIOKe ,n.pyr1rn 

cp:1I3H•IeCKHe BeJI~IHHbI MoryT 6b!Tb Bbipa)KeHI>I •Iepe3 s . 
,IJ;a;iee, HCIIOJib3YH o6rn;ee pemeHHe, nonyqeHHOe B KBa,n:paTypax, B )J;:IICCepTaIJ;:IIH 

IIO,lJ.p06HO aHaJIH3MpyeTCil IIOBe,n:eHHe C:IICTeMbI IIpH pa3.1IH'IHbIX 3Ha"<JeH:IIHX napaMeT

poB. IifccJie,n.yercsr B03MmKHOCTb B03HHKHOBeHHH cOJI:IITOHo-no,n:o6HhlX pemeHHli. B 

KaqecTBe IIpHMepa Ha pHCYHKe 16 npe,n.CTaBJieHO KHHK006pa3HOe pemeHHe • 

... 
0.8 

'·' 
•• 

~O.!i .. 
... .. 
'·' 

0 .. .. 
x 

PHc. 16: BH,n; <PYHKD;HH S(x) B CJIY'Iae Hemrneil:Horo CIIHHOpHoro 

IIOJIH rrpH n = 4; OHa HMeeT MaKCHMYM B TO"<JKe x = 0. 

B ,D.aHHOtt rJiaBe Bnepabie rroKasaHo, 'ITO IIJIOTHOCTb 3HeprHR :II IIOJIHM aHeprm1 

JIHHeil:HblX CII:IIHOpHoro H CKaJIHpHoro IIOJieli He orpaHH•IeHbI. IloKasaHO, 'ITO Be,n;e

HHe HeJIHHe:i!:Horo 'IJieHa CIIHHOpHoro IIOJIH, a TaK )Ke y"<IeT ero co6cTBeHHoro rpa

BHTaD;HOHHoro IIOJI5! cpopMHpyeT IIOJieBbie KOm:j;mrypan;HH c KOHe•rno:i!: IIJIOTHOCThlO 

3Hepr:IIH :II orpaHH'IeHHhIMH IIOJIHOH 3HeprHeil:, CIIHHOM H 3ap5I,D.OM. IloKasaHo, 'ITO 

CBOHCTBa CHCTeMbl HeJIHHeil:HhlX CIIHHOpHoro H CKaJrn:pHoro IIOJie:it c MHHHMaJihHOtt 

CB5!3bl0 orrpe,n;eJI5IlOTC5! TO:!!: '!aCThlO rpaBHTaD;HOHHOro IIOJI5!, KOTOpan reHepHpyeTC5I 

HeJIHHe:itHhIM CIIHHOpHbIM IIOJieM. B 3TOM KOHTeKCTe MO)KHO CKa3aTb, 'ITO CITHHOpHoe 

IIOJie 6oJiee 'IYBCTBHTeJibHO K rpaB:IITaD;HOHHOMY IIOJIIO, •1eM CKaJI5IpHoe. 
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B 3aKJIIO"<Iemrn CcPOPMYJIIipOBaHbI OCHOBHbie pe3yJibTaTbI ,IJ;HCCepTa!Illll. 

B npHJI0)!(8HMM no,n:po6Ho BbIB8,IJ;8HbI H8KOTOpbie 'IaCTO MCIIOJib3Y8Mbie COOT

HOIIIeim5I, IlOJiy<JeHHbie H8CKOJibKO )J.€C5ITKOB JieT Ha3a)J.. BbIBO,IJ; 3TllX COOTHOIII8Hllfi 

B COBpeMeHHbIX ny6JIHim!IllillC cl:>aKTM'IeCKll He BCTpe•raeTCH. 

3 OcHOBHhie pe3yJihTaTbI 

Ha 3arq1ITy BbIHOC5ITC5I CJie,z:t;yIOI:Qlie OCHOBHbie pe3yJII>TaTbl! 

• B )J.MCCepTa!Illll BIIepBbie c IIOMOII\b!O H8JIHHefiHOro CIIMHOpHoro IIOJI.7! (HCII) 

MO,JJ.eJIMPYIOTC.H Pa3JIM'!Hb!e xapaKTepHCTMKll MaTepn11, BJIM.HIOII\M8 Ha 3BOJIIO

I!MIO BceJiemrnfi. 

BnepBbie 6bIJIO IIOKa:3aHO, "'ITO npM HeKOTOpb!X KOHKpeTHbIX BbI6opax H8JIH

HefiHOCTll B paMKaX MO,Il;8.JIM TMIIa BHaHKH-I: 

* HemrnefiHoe CIIHHOpHoe IIOJie YCKOp5IeT IIPOI!8CC ll30Tp0IIH3au;mr; 

* H8.JillHefiHOe CIIHHOpHOe IIOJie nopo)K,!l;aeT BceJieHHYIO 6e3 CHHrym!pHOCTefi. 

IIpH 3TOM, ecJI11 HeJirrHefiHOCTb B03Hn:KaeT 3a c•rnT caMo,JJ.eficTBH51, TO rrMeeT 

M€CTO napyrneHne yc.JIOBMH 3HeprO)J.OMHHaHTHOCTH, Tor,n:a KaK B CJiy<rae llH,IJ;y

I!MPOBaHHOfi HeJin:HefiHOCTll CIIllHOpIIoro IIOJIH IIOJiy<IeHO peryJI.HpHoe peIIIeHlle 

6e3 HapyrneHH.71 3Toro ycJIOBll.7Ij 

* HemrnefiHoe cmrnoprme noJie o6'h.7ICH.HeT ¢enoMeH ycKopeHHoro pacrrrnpe

IIH.71 BceJieHHofi. 

• HccJie.J,oBaHa poJih KOCMOJiorwrnc1coi1 rrocT05IHHoi1 B 3BOJIIOI!HM BceJieHHoil. 

IIoKa:3ano, <ITO npn A > 0 rroJiy<raeM MO,JJ.eJib c Be<IHhIM ycKopenHeM, TO

r,n:a 1mK nprr A = 0 HMeeM MO,D;eJih, r,JJ.e IIPOI!ecc pacnmpeHH.71 3aKaH'mBaeTC51. 

IIpH A < 0 noJiyqaeM Mo,n:eJib HJill BCIO,IJ;y peryJI.7IpHofi OCI!llJIJillpyro:rn;efi Bce

JieHHofi, HJIH MO,JJ.eJih BceJieHHOfi, KOTopaH 3aKaH'mBaeTc.7! BoJihIIIHM KpaxoM. 

• BrrepBbie 6bIJIO IIOKa:3aHo, 'ITO np11 HaJirr•m11 B cncTeMe B.7!3KOfi )Kll,IJ;KOCTH Bce

JieHHa$! MOJKeT 6hITb pacnmp.H10:rn;efic.H HJIH OCI!HJIJIHPYIOIIIeli rrpM mo6oM 3HaKe 

KOCMOJIOrli'l8CKO:fi IIOCT05IHHOii. BnepBbie 6hIJIO IIOKa:3aHo, 'ITO B.7!3Ka51 )KH,JJ.

KOCTb BMeCTe c HeJIMH8HHhIM CIIllHOpHbIM IIOJieM MO)K8T reHepMpoBaTb perne

Hll51 c Bo.JibIIIHM PropbIBOM, I<or,11;a 3a KOHe•rnoe BpeM.71 caMa BceJierrna.71, a 

TaK>K:e IIJIOTHOCTb 3Heprmr CTaHOB.7ITC.7! 6ecKOH8'1HbIMll. 

• BrrepBbJe 6hmo IIOKa3aHo, "'ITO JKH,IJ;KOCTb BaH-,JJ.ep-Baa.Jibca MO)!(eT Bocnpon3-

no,n:n:Th ,IT,Be cPa3bI 3BOJIIOU:HH, rrepBa51 ¢a3a - nepBOHa'IaJibHOe ycKopeHI:ie (1rn

cpmII!lI.7!), KOTopag rrepexo,rr,HT BO BTopy10 cpa3y - 3rroxy 3aMe,n:JieHHH. BnepBbre 
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6bIJra BBe,n;eHa KBHHT3CCem:i;:irn: c MO,n;Hqmu;HpOBaHHhIM ypaBHeHHeM COCTOHHHH 

H IIOKa3aHo, 'ITO OHa rropmK,n;aeT D;HKJIF!'JeCKYIO BceJie1rny10, H36aBJI5.UI MO,n;eJib 

OT rrpo6JieMnI BeqHoro ycKopeHHH. 

• BrrepBbJe 6bIJIO rroKmaHo, 'ITO B cJiy'Iae MO,Il;eJIH THrra BHaHKH-Vl HeJIFIHefi

Hoe CIIHHOpHOe IIOJie MO:tKeT reHepHpOBaTb OCD;HJIJIHpy1mu;y10 BceJieHHYIO rrpH 

HeKOTOpbIX ,Il;OIIOJIHHTeJibHbIX ycJIOBHHX. llpH 3THX yCJIOBH5IX H30TpOIIH3aD;HH 

H3Ha•mJibHO amI30TporrHoli BceJieHHOli He rrponcxo,n;HT. 

• BrrepBbJe 6bIJIO IIOKa3aHo, 'ITO B CJiy'Iae IIJIOCKO-CHMMeTpH'IHOH MeTpHKH HeJIH

Hel11me CIIHHOpHoe IIOJie c y"'!eTOM co6cTBeHHOro rpaBHTaD;HOHHOro IIOJIH rrpH

BO)J;HT K IIO.HBJieHIIIO KOHcPHrypawur c KOHe"'!HOfi IIJIOTHOCTbIO 3HeprHH H orpa

HWJeHHOfi IIOJIHOH 3HeprHeil:. TaK:IIM o6p330M, HeJIHHeil:HOCTb CIIHHOpHoro IIOJIH 

H rpaBHTaIJ;FIOHHOe IIOJie 5IBJI.HIOTC.H KJIIO'IeBbIMII ,!I,JHI peryJIHpHbIX perneHHil: c 

JIOKaJili30BaHHOH IIJIOTHOCTbIO 3HeprHFI. 

4 Pe3yJihTaThI, BKJIIO'tJeHHhie B ,n;n:ccepTan;11ro, orry6-

JUIKOBaHbI B CJie,n;yrom;11x pa6oTax: 
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