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Investigating the most general case of the Kerr-Newman black hole space-time 
we show that the region between the event horizon and inner horizon can be con­
sidered as superluminal one in which space-time coordinates are changed to ima­
ginary values. This region is unobservable from exterior. We conclude about a 
global dimensionality of the extended space-time manifolds and argue for intro­
duction of higher dimensions in Relativity. 

1 .  BseiJenue 

li.D;eH KOMIIJieKCHOro npocrpaucrsa-BpeMeim (IIB) B TeopHH OTHOCDTemdlOCTH 
He aoea. MHHMoe epeMH 61,mo BB�euo �e B pa60Tax Ilyam<ape B Mmn<oeCKoro 
wm np�craBJiemur MeTplD<H cne�am,uo:ii Teopmr omocuTem,uoCTH (CTO) B 
eeKJIH,ZJ;oeo:ii <popMe. 3mmrreim H illTpayc1 > B 1<aqecree eapHaHTa e,ltlmoii TeopHH 
npe,ZJ;JiaraJIH 3pMHTOBY Teopmo OTHOCHTeJILHOCTH C KOMIIJieKCHOii MeTpHKo:ii, �o 
B ,ZJ;aJI&Hemn:eM pa3BHTO B pa6oTax Tpe,D;epa2 >. Hcnom.aoeamre I<OMIIJieKCHoro 
IIB oK83aJIOcL eeCLMa mzo,n;oTeopm,IM wm p83pa6oTKH ee�oeo:ii KBaHToeo:ii 
TeopHH rpaBHTaQHOHHOro no;m3 >. Ilpo��a KOMIIJieKCH<pHK� B TOqHI,IX pe­
WCBHHX ypaBHemm o6�eii TeopHH OTHOCHTeJU,HOCTH (OTO) HCllOJIL3YeTCH pH-
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AOM aBTOpOB AIDI 110.nyqemm Bpa�aTeJll,HblX MerpHK H3 CTamqeCKHX4•5 > . B no­
CJieA11He rOAbI 110.rrytm.Tia pa.3BHTHe MaTeMaTHtleCl<aH Teopim KOMIIJleKCHl,IX MHO­
roo6pa.3Hii OT06 ) H TeopHH TBHCTOPOB IleHpOY3a C npHMeHeHHeM KOMilJleKCHblX 
nepeMeHHI:,xx 7 > . KpoA1e Toro, CJie.zzyeT OTMeTHTL nollbrn<y aKCHOMamqecKoro no­
CTpoemm KOMIIJieKcHoro IIB BceJieHHOH 8 >, a TaIOKe KOMIIJieKcHbm: aapHaHT 3JieK­
TPOAHHaMHKH 9 > .  

HecI<OJILKO m1aqe BCTaeT aonpoc o KOMilJieKCHblX nepeMeHHblX IIB npH eAH­
HOM pacCMOTpeHim TaxHOHOB H 6p8A}l0H0B 1 O ,  l l )  B paMKax paclllHpeHHOH TeOpHH
OTHOCllTeJU,HOCTH (PT0) 1 2 >, OCHOBaHHOH Ha Il0Jlli0H CHMMeTpHH Me>I<AY TaxHO­
HaMH H 6paAHOHaMH (npHH�Il AYaJILHOCTH1 2  >) npu mmepCHH 3HaKa KBaApaTa
HHTepaaJia IIB npH nepexoAe OT cy6moMHHaJILHoro K cynepmoMHHaJILHOMY ODH­
caHHIO. CynepmoMHHaJILHbie npeo6pa30BaHWI PTO npHBOAHT K noHBJieHHIO MHH­
MblX BeJDAHH AIDI Ha6JUOA8TeJie:u:, HaXOAHll\HXCH no .a;pyryro CTOpOHy OT CBeTOBOfO 
6ap1,epa OTHOCHTeJll,HO pacCMaTpHBaeMoro HBJ1eHHH1 3 • 1 4) . 

B aaaepweHHe KpaTKOro o6aopa OTMeTHM HCilOJIL30BaHHe KOMIIJleKCHblX KO­
OpAHHaT B paCWHpemll,IX npoCTpaHCTBeHHO-BpeMeHHbIX MHOroo6pa3WIX (IIBM) 
OTO, 3aHHMaro� Ba.>KHoe Mecro B Ko�� »oToum,xx MHpoa«1 5 > AIDI mrrep­
npera� PHAa acrpocpH3HqecKHX cpeHOMeHOB (raMMa-BCilJieCKH, CKpbrraH M8Cca 
BceJieHHo:u:, HaqaJILHbie ueOAHOPOAHOCTH, >>qepHb1e o6nacrH«, KBaaap1,1) 16 > .  B �­
KJie pa6oT XpanKo1 7 > H3 MaTeMaTHtiecKHX coo6pa>KeHHH 61,mo BBeAeHo 8-Mepaoe
KOMilJieKCHoe IIB AIDI npocre:u:WHX rpaanTa�HOHHblX none:u:. OnpeAeJieHHbie cpu-
3HqecKHe H MeTOAOJIOrHqecKHe OCHOBaHHH AIDI 3TOro 6bIJIH npeAJIO>ICeHbI 8BTO­
paMH Ha OCHOBaHHH paCCMOTpemm KOOpAHHaT IIB IlOA ropH30HTOM co6brrHH qep­
HOH AblpbI KaK MHHMblX 1 s } . Hau6onee 8AeKB8THbIM o6pa30M o60CHOB8TL KOMilJleK­
CHOe pacwupeHHe Teopuu OTHOCHTeJll,HOCTH B03MO>ICHO C IlOMO�IO cynepJIIOMH­
HaJILHl,IX npeo6pa30BaHHH npH eAHffOM paCCMOTpemm TaxHOHOB H 6paAHOH0B B 
MHoroo6pa.3WIX OT0 1 8  > . 

,[(aHHaH pa6oTa noca�eua AaJILHeHWeMY paaammo TaKoro no.a;xo.a;a. By.a;er 
IlOCJieAOBaTeJU,HO IIOKa.3aHO, KaKHM o6pa30M B03HHK8eT Heo6XOAJ{MOCTI, B pac­
CMOTpeHHH KOMIIJleKCHOro IIB a TeOpHH OTHOCHTeJU,HOCTH. 3TOT IIO.D;XOA 6yAeT 
npHMeueH Ha ocaoae o6cy>KAaeMoro cynepmoMHHaJILHoro xapaKTepa o6nacre:u: 
IIB, OTAeJieHHbIX ropH30HTaMH, K rpaBHT�OHHbIM noJIHM qepHblX Ab1P, pac­
I1IHpeHH1>IM IIBM, a TaK:>Ke H CHCTeMe OTClleTa paBHoycKopeHHoro aa6JIIOA8TeJIH. 

2. KoMn/leKCllble 6eJlU1/.UH,bl npu cyneplllOMUHa/lbllbZX npeo6paso6aHURX 

CoxpaHeHHe np�a OTHOCHTeJll,HOCTH AJIH HHepQHaJILHbIX CHCTeM OTCqeTa 
npH o6o6�eHHH npeo6pa30BaHHH Jiop�a Ha 061>eKTbI, ABH�ecH 6bICTpee 
CBeTa, Tpe6yeT H3MeHeHHH Bpel\1eHHno.a;o6Horo HHTepBaJia ea Ilp0CTpaHCTBeHHO­
no.a;o6Hbm:, wrn Hao6opoT 1 2 > . Ilo3ToMy, eCJIH MbI o6oaHatmM qepea x, y, z o61,xq­
e1,1e AeKapTOBbl KOOp.D;HHaTbl, a t - BpeArn, TO Me)K,tO' KOOpAHffRTaMH B cy6- H 
cynepmoMHHaJILHOH CHCTeMax OTClleTa 6y'AeT l{MeTL MeCTO COOTHOWeHHe (3�ecL 
H .a;anee, KpOMe OT.D;eJILHbIX cnyqaeB, Mbl 6y,a;e.Al npHMeWITI, reOMeTpH30BaHHbie 
e�r, B KOTOpbIX c, CKOpOCTL CBeTa, H G, rpaBHTa�OHHaH IIOCTO.HHHSH, paBHbl
eAHJ{Hqe) : 

102 

dx2 + dy2 + dz2 - dt2 = - (dx') 2 - (dy')2 - (dz') 2 + (dt')2• (1)
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ECJJH opraeHlDITI:iCH 6yCTOM a.n;om, OCH x, ro OHH Y.ZJ:OBJieTBOpmoTCH llpll npeo6pa-
30Bamtmc12) 

t' = ± i (t - Vx) (1  - V2) - 1t2, x' = ± i (x - Vt) (1 - V2) - 1t2, y' = ± iy,
z' = ± iz. (2) 

3.n;ec& V - OTHOCHTeJI&HaH CKOpOCTl, ,ZJ;BH>Kemm HHep�a.m,m,xx CHCTeM (x, t) 
H (x', t') . Mmxm,1e nepeMeHHbie a,n;eCI:i noHBIDIIOTCH c ueo6xo�oCTI:iro. Bonee 
Toro, KaI< noKaaan ropmm1 9 >, ue �ecrayer 06061:Qemm: npeo6paaoaamm Jio­
pe�a K caepXCBeTOBbIM CKOpOCTHAt C .n;eikTBR'l'eJII,HblMH nepeMeHHl>IMH, y,n;oBJieT­
aopmo[QHX yCJioBIDIM : coxpaHeime HHep�a.m,uoCTH ,ZJ;BH>Kemm, coxpaueime npo­
CTpaHCTBeHHou H30Tpomm, o6pa30B8HIIH rpynlll>I H HHBapHaHTHOCTH HHTepBana 
C T011HOCTLIO JJ.O 3HaI<a. 

Tai<HM o6pa30M, npH COBMeCTHOM paCCMOTpeHHH cy6 -H cynepJIIOMHHaJlF,Hl>IX 
co61>1THH ueo6xorowo auaJIHT11qec1<H · npo.n;oJDfCHTL nepeMeHHbie IIB ua KOMnJie1<c­
m,1e 3Hat1emm. 3TO 3KBHBaJieHTHO IlOBl>IWeHHIO pa3MepHOCTH IIBM, Tai< Kai< 
H3 npHHI:4HIIa npHtmHHOCTH CJie.n;yeT He3aBHCHMOCTI, co61>1THH 6pa.n;uoHHoro >>MHpa« 
OT TaxHOHHOro, 11 Hao6opOT, tlTO q>OpMa.m,Ho Bbxpa>KaeTCH a He3aBHCHMOCTH JJ.eH­
CTBHTeJil,HOH u ltUDll\iOH qacreu KOOp,n;HHaT, OIIHCbIBBIO[QHX TaKHe co61>1'I'WI. 

Iloneauo pacCM0Tper1, a.n;ec1, TaK>Ke cynepJIIOMHmlm,HbIH 6ycr npH V -+ oo, 
Ha3bmaeMbIH TpaHC�eu,n;eHTHbIM npeo6pa30BaHHeM2 O ) .  II pH 3TOM npOHCXO.n;HT noJI­
HOe npeapa[QeHHe .n;euCTBHTeJll,HblX KOop,n;imaT B MHHMl>Ie, tITO COOTBeTCTBYeT 
CM1>1c.ny TaI<oro npe.n;e.m,uoro CJiytiaH : 

x' = ± ix, y' = ± iy, z' = ± iz, t' = ± it. (3) 

lfa YCJIOBHH (1) CJie.n;yer, t1To2 0 > t' = x, x' = t, Il03TOMY (3) MO>KHO npe,n;CTaBHTI, 
CJie.n;yrorQHM o6paaoM: 

t' = ± x, x' = ± t, y' = ± iy, z' = ± iz. (4) 

Tor.n;a CTaHOBHTCH IlOWITHbIM 3Hat1eime Bbxpa>KeHHH >>npOCTpaHCTBO H BpeMH MeH­
HlOTCH MeCTa.MH«, KOTopoe qacro HCilOJII,3YeTCH ,tl;JIH HHTepnpera� CBOHCTB Ta­
XHOHOB H BHyTpemmx o6nacreA t1epm,xx JJ.l>IP (CM. mm<e). XoTH .nyqme roaopHTL 
0 TOM, tlTO npocrpaHCTBeHHbie H apeMeHHI>Ie KOOp,n;HHaTl>I CTaHOBHTCH tlHCTO 
MHHMbIMH HJIH, .zwyrHMH CJIOBaMH, opTOrOHaJII,HbIMH l( HCXO,n;Hl>IM1 5 •2 0> . KpoMe 
Toro, B cynepJIIOMHHaJII,HOA o6JiaCTH HHTepBaJI MO>KHO OCT8BHTI, paBHbIM TaI<O­
BOMY a cy6JIIOMHHaJIF,HOH o6JiaCTH, TO eCTL HHBapHaHTHbIM IlpH no.n;o6HbIX npeo-
6pa30BaHHHX, ecJIH nepeATH npH V > 1 K cooTBeTCTByro� MHHMl>IM Koop.n;u­
HaTaM : 

dx2 + dy2 + dz2 - dt2 = d (ix')2 + d (iy')2 + d (iz')2 - d (it')2.

Tor.n;a a o6eux o6nacrmc HHTepaaJI apeMemmo.n;o6eu, 11, ot1eau.n;uo, tITO TaI<aH 
onepa�H 3KBHBaJieHTHa COOTHOWemuo (1).  

TaKHM o6pa3oM, a PTO npH aae,n;eHHH MHHMbIX KOOp,n;HHaT .n;IDI cynep­
JIIOMHHa.m,m,xx co61>1THA HHTepBaJI OCTaeTCH mmapHaHTOM. C yt1eTOl\l KaK cy6-
TaI< u cynepmoMHHaJILHblX co61>ITHH np� HBapHaHTHOCTH HHTepaana TeOpHH 
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OTHOCll'l'eJlltHOCTH MO)IQIO coxpamtrb B KOMWieKCHOM IlBM C KOOp�TaMH B 
,a;eKapTOBOH CHCTeMe (XRc, YRc, ZRe, tRe, X1m, Y1m, Z1m, t1m) HJlH (X, Y, Z, T) r,a;e2 0 

X = XRe + iX1m, Y = YRe + iY1m, Z = ZRe + iz1m, T = tRe + itrm• (5) 

Ilepexo.rvi K o6o6�emno Ha CJiyqaii pHMaHoBa IlB, Merpm<y MO>KHo 3aIIHcaTL 

(6) 

r,a;e rpeqeCKHe HHJ];eKCbl COOTBeTCTBytOT ,a;eiiCTBHTeJlbHLIM qQCT.aM KOOp,a;HHaT : 
(µ, v) = (1 ,  2, 3, 4), a JiaTHHCKHe - MHHMbIM : (i, k) = (5, 6, 7, 8) . Pa36HBK8 
MeTpHKH ( 6) Ha ,a;Be qacrn He cnyqaiiHa : nepBoe CJiaraeMoe onuc1>maeT MHoro­
o6pa3He co6bITHH, Ha6mo,a;eaMoe HeKOTOpbIM JIOK8Jll,HLIM Ha6JIIOJ];8TeJieM lI.JIH. 06-
JiaCTH IlBM, orpaHHqeHHoii CBeTOBblM 6apr,epoM, TO ecr1.. B TOH >Ke qacrH cBeTO­
Boro Koeyca; BTOpoe CJiaraeMoe COOTBeTCTByeT co6LITIDIM B cynepJIIOMHH8Jll,HOH 
o6naCTH. Crre,a;yeT CKa3aTL, qTO TaKOe npe,a;CTaBJieHHe COOTBeTCTBYeT T81()Ke 6-
-MepHOH mrrepnpeT� TaXHOH-6paJJ;HOHoro IIBM, pa3pa6aTLmaeMoii: IlaBum­
qeM 1 0 • 1 o, 3HHHO, Kone (CM. CCI,IJil(H B pa6oTe 18), npH BBe,a;emm 3-MepHoro 
BpeMeHH. KaK Il0Ka38HO B pa60Te Maro<appoHe H Pei<aMH2 0 >' TalCOe �MepHoe 
TIBM MO>KHO paCCM8TpHB8T& Kai< npoMe>K}"roqm,tit war B mrrepnpeT� cynep­
JIIOMHHaJII,m,IX mmeHHii. 

3. CynepJZ10MUHOJlbHbZU xapa,rmep enympennux 061tacmeil 'llpnbZX iJbzp

KaK xopowo H3BeCTHO, qepHbie JJ;LipbI eCTL rpaBHT�OHHO CKOJIJiancupo­
BaBlIIHe 06'Lel(TI,1, MOJJ;eJIH KOTOpbIX OIJHCLraaioTCH TOllHLIMH pemeHHHMH OTO. 
01m xapaKTepH3yIDTCH HaJIHtIHeM nceBJJ;OCHHryIDipHbIX noBepmocreii: - ropH-
30HTOB co6LITHH, ,a;� IlBM Ha �eCTBeHHO pa3JIHtmI,Ie no CBOHM cBoii­
CTBaM qacm. MbI B J];aHHOM paa,a;ene pacCMOTpHM o6JI8CTL no,a; ropH30HTOM co6I>I­
THH H noKa>KeM ee cynepJIIOMHHaJil,HbIH xapaKTep lI.JIH. mlH6onee o6�ero c.nyqag 
qepHoii JJ:I>IpLI Kepp a'."' H1:t10MeHa, qTO B 6onee npocrr,ix c.nyqaHX y>Ke He paa OTMe­
qanoc1,22 -24, 1 s > .  

MerpHKa Keppa-HLIOMeHa B cnJIIOceyTbIX KBa3HCcpepOHJ];aJil,Hl>IX I<00pJJ;H­
H8Tax Boiiepa-Jlmu<BHCTa 3aIIl{CbIB8eTCH B BHJJ;e2 5 > 

ds2 = - (f,/,1) dr2 
- l: d82 - l: - l sin2 @ [adt - (r2 + a2) dq,] 2 +

+ (,1/'£) (dt - a sin 2 e dq,) 2
, (7) 

,1 = r2 - 2Mr + a2 + Q 2, '£ = r2 + a 2 cos2 @,

M - H3MepeHHaH Ha 6ecKOHeqHOCTH Macca qepHOH JJ;I,IpbI, a - MOMeHT Bpa�e-
HHH Ha eJ];HllHl'.zy Macc1,1, Q - 3Jie1<Tp:Ht1ecJ<HH aapHJJ;. 

HecpH3ftqeCKHe (1<oop,a;HHaTHb1e) CHH!j'JIHPHOCTH Ha ropuaoHTax 

r = r ± = M ± (M2 _ a2 _ Q2) 112 (8) 
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H noaepXHOCTHX 6eCKoHeqHoro KpaCHoro u rony6oro CMell.leHldi 

r = R± = M ± (M2 - a2 eos 2 @ - Q2) 1/2 (9) 

yCTpaHHIOTeH npH noAXOAHII.leM npeo6paaoaaHHH I<oopwmaT25 > • .Ml,1 pa.r(H npo­
CTOThI Orpamr<mMeH cnyt18eM OCH CHMA'lerpim, @ = 0, <p = eonst, aH8JIOrH'tlHO 
pa6oTaM 26 H 27 (a o6IQeM cnyqae e =/: 0 AamiaH saAat1a He pemaereH B aHaJIH­
THt1eeKoM B�e), KOrAa MeTpHKa (7) ynpOII.laeTeH AO 

ds2 = (LJ/�) dt2 - �/LJ) dr2 • ( 10) 

IlpH BJ:,Ipa>Kemnt HOBhIX KOOpAUHaT (u, v) qepe3 CTap1,1e (t, r) CJie,zzyro� 
o6pa30M : B o6naCTHX r > r + H O < r < r _ 

u = f (r) eh (kt), v = f (r) sh (kt),

a B o6naCTHX r _ < r < r + 

u = f (r) sh (kt), v = f (r) eh (kt)

HOB8H Hee1nrryJIHpHaH Merpm<a nonyqere.s:r KOHcpOpMHO-IlJIOeKOH 

ds2 = A (u, v) (dv2 - du2).

( I l a)

( l lb) 

(12) 

3aMeTHM, tfIO IlOHBJieHHe pa3.JIHlIHI>IX KOOpAHff8Tlll>IX KapT a (1 1) a paaJIHq­
HJ:,IX o6JiaCTHX IIB, Pa3AeJieHHhIX neeBAOCHHryJIHpHhIMH noaepXHOCTHMH, HBJIH­
eTCH 3AeCb Heo6XOAffl\'1hIM, TaK KaK xapaicrep KOOpAHUaT np�am,uo MeHHeTCH 
npu nepexoAe qepes 3TH noaepXHoCTH, a o6naCTH, pa3AeJieHH:r:,1e ropH30HTaMH, 
He HBJIHIOTeH npHtDIHHO B3aHMOCBH38HHhIMH2 5 ) , 

Mo>KHO JierKO Il0Ka38TI,, tlTO neeBAOCHHryJIHpHOCTH MCKJllOtlaIOTCH npu CJie­
)zylOII.lHX eooTHowe:mmx AJUI f (r) u k a (1 1) :

f (r) = const · exp (-kr*), (13)
rAe 

r* = r + k+' 1n lr - r + I  + k=' In l r - r - 1 ,

k = k± = (r ± - r;:) (r1 + a2) - 1 B OKpeCTHOCTH r = r ±>  eOOTBeTCTBeHHO. KoH­
cpopMHJ:,:dt MHO>KHTeJII, A (u, v) a (12) onpeAeJIHere.s:r qepes 

A 2 = (r2 + a2) - 1 k- 2 exp (-2kr) (r - r+)< 1 -kfk+> (r - r_)< l -k/U. ( 14)

TaKUM o6paaoM, npH IlOA06Hoii npo�e,zzype KOOpAHffaTHhle Kapn,1 COCAHWIIOT­
cs Ha ropH30HTaX, o6paayH pacumpeHHoe IIBM c HerpHBuam,uoii rononomeA. 
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B TaKOM MHOroo6pa3HH reOAe3HtleCI<He, Bblpa>Kaio�e ABH»Cemre .MaTepHaJII>Hl>IX 
qa�, OKa3bIBalOTCH HenpepbIBHl>IMH26>, H ero MO>KHO Ha3BaTI> reoAe3HtleCI<H 
nomn,m. IloKIDKeM Tenep&, trro TaKoe IIBM MO>Ker 61,rr& npeACTaBJieHO Ka.I< 
Ha6op cy6- H cynepmoMHHaJI&HbIX o6Jiacreit 

IIpe>KAe Bcero paccMotpH.M xapaKTep mrrepBana AJIH AByx co6r,mm, npo­
Hcxo� B OAffOH npocrpaHCTBeHHOH TOtlKe H pa3AeJieimJ,IX TOJ11,KO no·BpeMeHH, 
TaK trro dr = 0. TorAa, ot1eBUAHO, ds2 = (..1/�) dt2 • Bocnom,3oaaaume& coo'IHO­
meimmm, CBH3I,IBaIO� (u, v)-KOOPAHH8TbI H t

u/v = cth (kt), u/v = th (kt),

KOTOpbte cnpaBe.rtJIHBbl B o6JiaCTHX r > r + H r _ < r < r +' COOTBeTCTBeHHo, no­
Jiyl.lHM Ami noJIHoro IIBM 

(15) 

TaKHM o6pa30l\l, B HeamryJIHpHbIX KOOp.z:tm1aTax l\to>KHO BH,Zl;e'I'L, 'CITO HHTepaaJI 
Me>K,Zzy ABYMH pacCMaTpHBaeMbIMH co6bITHHMH CTaHOBHTCH l\UIHMl>IM npH r _ < 
< r < r + ,  rAe ..1 < 0, trro noKa3omaer npocrpaHCTBeHHonoAo6m,m xapaKTep
AaHHOH o6JiaCTH. 

B CBH3H C 3TID1 npeACTaBJIHer HHTepec paccMOTper& noBeAeHHe CKOpOCTH 
ABIDKeHrul npo6HOH qa�I B T8KOM IlOJie. YpaaHeHrul reOAe3HtleCKHX B pac­
CMaTpHBaeMOl\l cnyqae OCH CHMMeTp:ml B MeTpHKe Keppa-HLroMeHa 38IIHCbmalOTCH 
B CJie,zzyro�eM BH,Z:te26 > : 

dr/dl = ± (r2 + a2)- 1 [E2 (r2 + a2)2 - ..1 (m2r2 + a2E2)] 112, (1 6a) 

dt/di. ·· (r2 + a2) E/..1, (16b) 

rAe ). - np0H3BOJ11,Hbm: a<l><l>HHHI:,m: napaMeTp, m - MaCca IlOKOH AB�eiiCH 
qa�r, E - ee noJIHaH 3Heprmr. CKopoCT& t1acr�1 B none THrOTeIUUI onpe­
Aemie'I'CH cl>opMynoii:2 8 >

V = ± (-g,,/gr,) 112 dr/dt. (17) 

B Hamel\t cn:yt1ae 6yAeM H.Mer& 

V = ± �/..1) dr/dt. ( 18) 

Bepxmm 3HaK 3Aee& cooTBercrayer ABH>KeBHIO, HanpaBJieHHOMY OT �eHTpa noru1 
( CmtryJIHpHOCTH), HlDKHHH - K �eHTpy. Hcnom,gyg ypaBHeHIDI reoAe3HtleCKHX 
( 16) H (17) MO>KHO JlerKO IlOJIYtlHTI> 

(19) 

lfa 3TOro . COOTHOmemm BHAHO, 'CITO B o6nacm Me>K,Zzy ropH30HTaMH (..1 < 0)
r _ < r < r + HMelOT MeCTO 3HatleHJUI CKOpOCTH V > l ,  TO eCTL CBepXCBe'I'OBbie
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B ,D;aHHOH CHCTeMe KOOPAffH8T. Ho CBepXCBeTOBruI CKOpOCTL B J:{aHHOM cnyqae He 
IIpOTHBOpetmT pe.JUITHBHCTCKOMY np� IIpHt.JHHHOCTH, TaK KaK o6JiaCTL IlBM 
r 7" < r < r + HBJIHeTCH HeHa6Jiro,n;aeMoii ,D;JIH BHewHero Ha6JIIOp;aTeJIH, H, 6oJiee 
Toro, c Totn<H spemm nocne,D;Hero HHKaKa.a tJacr�a He nepeceKaeT ropH30HT aa 
KOHetmoe BpeMH. KaK H3BeCTHo25 >, nepecetJeHHe ropH30HTa sa KOHetmoe BpeM.a
B03MO>KHO TOJILKO B co6CTBeHHOH CHCTeMe OTCtJeTa na,n;aromero TeJia wm KOJIJian­
CHpyromero BemecrBa. 

MsMeHeHHe xapaKTepa KOOp,D;HHaT Me>K,Izy ropH30HTaMH BH,llHO )'>Ke H H3 ea­
MOH MeTpHl<H (7) HJIH (10), KOTOpoe Bhip8>KaeTCH: B nocne):{HeH B nepeMeHe 3H8K0B 
MeTpHtJeCKHX K03cpcp�3HTOB nepe,n; npocrpaHCTBeHHOH H BpeMeHHoii KOOp.[lH­
H8Tal\1H. B o6meM 3TO npe,n;craBJIHeTCH npH nepexo,n;e Me>K,D;y o6naCTHMH IlBM c 
pa3JllltJHJ:,IMH 3HaK8MH Ctt H g,, KaK HHBepCHH 3HaKa KBa,D;paTa mrrepBaJia : ds2 -+ 
-+ - ds2 ' tJTO MO>KHO Ha3BaT.& TpaHeQeH,n;eHTHl,IM cynepJIIO.MHHaJILHl>IM npeo6pa-
30BaHHeM 1 2 , 2 0 ) .  TaI<Hl\l o6pa30M, cynepJIIOMHHam,Hoe npeo6pa30BaHHe COOTBeT­
CTBYeT nepexo,n;y l\te>K,D;y pa3JIHtJHhIMH o6naCTH:MH IlBM, paa,n;eJieHHhIMH ropH-
30HTaMH. TaK >Ke KaK .[lJIH pacIIIHpeHHH TeOpHH OTHOCHTeJILHOCTH 3a CKOpOCT.& 
CBeTa uy>KHO HCilOJIL30BaT.& HOBhie ( cynepJIIOMHHaJILHhie) npeo6pa30BaHHH 1foop­
p;HHaT, TaK .z:tm1 nocrpoeau.a pacWHpeHHoro ITBM rpaBHTaQHoimoro noru1 c ropH-
30HTaMH Mhl HCilOJI.&30Ba.JlH IlOKphrrHe IlOJIHOro IIB Ha6opOM KOOp,D;HHaTHl>IX KapT. 

Crrep;yeT OTMeTHTL, tJTO BhIBO,D; 0 cynepmoMHHaJI.&HOM xapaKTepe o6JiaCTH 
IIBM r _ < r < r + He HBJIHeTCH cpopMaJI.&Hoii aaa.rromeii. Ha.JJHtJHe CXO,D;HhIX 
oco6eHHocreft ( cBeToBoii 6ap1,ep B CTO H ropH30HT co61:,1Tri B OTO) u o6nacreii 
IIBM ( cynepJIIOMHHaJILHOH B pacnmpeHHOH CTO H no.re ropH30HTOM co61,1TBii B 
pacI.IIHpemn,ix MHoroo6paau.ax OTO) ocHoBbIBaerc.a Ha o6meM .z:lJIH 3THX Teopm 
np�ne 6mt3KO,D;eitCTBHH, TO eCTL Ha.JIHtJHH B HHX KOHetJHOH cpyu,n;aMeHTaJILHOH 
CKOpOCTH pacnpocrpaHeHHH: B3aHMOJ:{eHCTBHH. PacCMOTpHM 3TH oco6eHHOCTH B 
CTO B cpaBHemm c noJieM 111Bapro11wu,,n;a (nonyqarommic.a H3 noru1 'l(eppa­
HLroMeHa c MeTpHKOH (7) npH a = Q = 0), r,n;e co6CTBeHHbie H KOOp,D;HHaTHbie 
npoMe>KyTIOJ BpeMeHH H paCCTOHHHH: HMeIOyr CJie,n;yrommt BH,ll J:{JIH npHMOJIHHeH­
Horo J:{BH>KeHHH co CKOpOCTLIO V H IlOIDI IIIBapQlIIHJIJ:,,lJ;8, COOTBeTCTBeHHO, 

t = t0 (I - 2M/rc2) 112, l = 10 ( 1  - 2M/rc2) - 112• 

(20) 

(21) 

IIepBrui napa Bbipa>Kemm npH V = c, a BTopa.a napa npH r = r0 = 2M c2 cra­
HOBHTCH CHHryJIHpHblMH ( 3,D;ee.& to H lo - co6CTBeHHbie npoMe>KYTJ(H BpeMeHH H 
paCCTOHHHH, COOTBeTCTBeHHO). IlpH V > c, r < Tg Bee Be.JlHtJHHhl CJieBa CTaHO­
BHTCH MHHMbIMH. ECJIH >Ke Mbl nepeH,D;el\l K HepeJIHTHBHCTCKOMY npe,n;eny C -+ CX)'

TO Bee KOOp.[lHHaTHhie amry JIHpHOCTH HcqeaalOT' a BMeCTe C HHMH H pa3,Z:CeJieHHe 
IIBM Ha o6JiaCTH : cy6- H cynepJIIOMHHaJILHyIO, no,o; H Ha,n; ropH30HTOM co61,1THii. 

Mo>KHO JierKO BHJleTI,, tJTO npH C -+ CX) HCtJe3aIOT TaK>Ke Bee oco6emn,1e 
noBepxaoCTH B o6meM cnyt1ae noru1 Keppa-HLroMeHa. 

TaKHM o6paaoM, HeeBKJIH,lJ;OBa TonoJIOI'WI IlBM (HaJIHtme nceB,o;oomryJIHp­
HbIX noaepxaocreii, 6onee BbICOKrui paaMepHOCTI,) KaK B CTO, TaK H B OTO 
o6yCJIOBJieHa KOHetJHOCTLIO cp�a.MeHTaJILHOH CKOpOCTH2 9 > .  BJiaro,o;ap.a eH BCe
rJio6aJILHOe MHOroo6pa:me pa36HBaeTCH Ha npHtUIHHO HeB38HMOCBH3aHHI:,Ie o6Jiac­
TH, paa,o;eJieHH&1e mmo ropH30HTaMH, JIH6o cBeTOBbIM 6ap1,epoM. 
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4. PacwupeHHbl6 IIBM 8 1(0.MnJZeKCHOM npeocmaBAeHUU 

B uaqane npe��ero pa3AeJia MLI noKasaJD{, KmcHM o6paaoM MO>KeT 6bITI» 
ormcauo noJU1oe IIBM c noMoiw,ro noKpbITWI Ha6opoM pa3J1Htllil,IX KoopAHffaTHbIX 
KapT. 0CH0Bbm8HCL Ha 11,ttee amtJIHTHqeCKoro npOAOJI>KeHWI B KOMilJielCCH}'IO IlJIO­
Cl(OCTI, KOOpAUBaT IIB1 7> H yqHThIBaH cynepmoMHHaJI&Hbm: xapaKTep o6nacre.u:, 
paa,tte.n:emn,ix ropH30HTaMH, MbI npe'ACTaBHM IIBM 6es ueo6xo�oCTH 'AeJieHWI 
npocrpaucraa Ha KOOp�THbie OKpeCTHOCTH. BMeCTO BBe'AeHIDI Ha6opa KOOp,rtH­
HaTHblX npeo6paaoaamm MbI noBbICHM paaMepHOCTI, pacCMaTpHBaeAmro orm:ca.HWI 
IIB. 

0CH0Bb1B8HCI» Ha pesym,TaTa.X np�I,1zyrr(e.H qaCTH AaHHOH pa60TbI, MO)l{HO 
ctmTan., no Kpaimett Mepe cI>opMa.TI&HO, Merpmcy AIDI pacWHpeHHoro MHoroo6pa-
3WI C ropH30HTOM (HanpHMep, qepHOH �lpbI) KOMilJielCCHOH: 

ds2 = CA.B dx" dx8, (A, B) = (1, 2, ... , 8). (22) 

Cornacuo TaKOMY npeAcraaneHHIO mo6oe co61,1THe B rno6am,uoM IIB onpe,tteJUiercx 
BOCeMltlO KOOp'AJl!UlTaMH 

Ealob = (X, Y, Z, T) = (Xao, Yao, Zac, tac, Xim, Yim, Z1m, trm),

npneM B AeHCTBHTeJI&HOM H MHHMOM IlOAIIpOC'rpaHCTBax, COOTBe'l'CTBeHHO,

CJie.zzyer O.rtmU<O HMeTI, B BH,Izy, qTO HeKOTOpbll\m KOIDCpeTHblMH ua6JIIO­
AaTemIMH ( cy6- H cynepmoMHHaJI&HbIMH, H8XOAHir(HMHCH Jm6o � ropH30HTOM 
Jm6o IlOA HHM) Ha6JII0AaIOTCH TOJll,KO muare-Jm6o qeTbipe KOOp'A}ll{aTbI . .D:pyrHMH 
CJIOBaMH, ua6JIIOAQeM8H paaMepHOCT.& 'AID! <l>HKCHpyeMbIX co6bITHH a pa3JD{qul,IX 
o6nacrxx IIBM, a TaIOKe ,ttJUI TaxHOHOB H 6p�0H0B JIOKaJI&HO ocraeTCH paaHoii 
qeTbxpeM. Pa3MepHOCTI» paauyro BOCLMH MO>KHO npHrmCbIBaTI» IIB B rno6am,HoM 
CMbICJie1 S) ;  ee Tpe6yer np� mmapHaHTHOCTH co6:&ITHH TeopHH OTHOCBTeJI&­
HOCTH DpH yqere Bcero MHOroo6pa31UI HBJiemdi, npOHCXOW!Ir(HX C TaxHOHaMH H 
6p�ouar.m: B pa3JJH11HbIX oonaCTHX !IBM, paa.t(eJieHHbIX ropH30HT8MJI. 

reoMeTplAecKH rno6a.m,uoe IIB MO>l<eT 6bIT1, npe,D;CTaBJieHO KaK npOH3Be,tte­
HHe pl1M8H0Bb1X 4-MepHblX npOCTpaHCTB 

(23) 

Tor,tta R!°, HaIIpHMep, eCTI, mnm, HeICOTopaH nmepnoaepmocr1, B o61>eJ\tJll0Ir(eM 
8-MepHOM MHOroo6paaHH, qTO aHaJIOl'H'mO BbIBO,ttaM, CJie,tzyl()Ir(HM B3 Teopim pac­
nmpeimoe: OTHOCHTeJll,HOCTB1 0 •11 >.

Tenep.& paCCMOTpHM !IBM rpaBBT�OHHoro IlOJUI IIIBap�'Aa B KOM­
IlJieKCHOM npe,ttCTaBJieHHH. MerpHKa a o6naCTB r < r 9 MO>KeT · 6LIT1, nonyqeHa 
H3 00:&NHOi: maap�,ttOBClCOi: npH TpaH��eHTHOM cynepJIIOMHHaJII,HOM npe-
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o6pa30Bamm, qTQ 3KBHBa.JieHTHO B ,D;aHHOM CJiyqae 3aMeHaM r -+ ie, t -+ iT, y�­
TbmaH TaI<>Ke MHJUU>lli xapaKTep cyrrepJIIOMHHaJI&HOH MaCCbI nocne TaKOrO npeo-
6pa30BaHHH1 S ) .  B o6�eM cnyqae He'l'paH�eH,n;eHTHbIX npeo6pa30BaHHli llOJIYtm'l'C.fl 
HeCTaQHOHapHaH MeTp:m<a, COOTBeTCTByromw:r )J;BH�eHCH qepHOH ,n;:&xpe. Ilpo­
Be,n;H YJ<a3a.H11bie 3aMeHbI, llO.nytmM 

ds2 = - ( 1 - 2M/r)- 1 dr2 + r2 (d82 + sin2 8 dq,2) + 
+ ( I  - 2M/r) dt2 + ( I - 2M/(!)- 1 de 2 - e 2 (d8 2 + sin 2 e dq, 2) -

- (I - 2M/e) dT2 • (24) 

KoMnJieKCHQe 8-MepHoe npe,n;craBJieHHe rno6aru,Horo !IBM wBap�WHJII,)J;OB­
cKoro llOJUI MO>KHO llOJIYllllTI> B ,n;eKapTOBI,IX Koop,n;mmTax, r,n;e 

7 2 + 2 + -2 2 _ 2 + 2 + 2 
rRc = XRc Yac Zac> rim- xlm Yim Z1m· 

TaKa.a: MeTpHKa HMeeT BH.n; 

ds2 = d£ic - dx;0 - dy� - dz;c - 2Mr;: (XRcdxRc + YacdYRc +
+ ZacdzRc + facdtac)2 - dC:m + CU:m + dy:m + dz2Im +
+ 2Mr;-,! (X1mdx1m + Y1mdY1m + Z1mdz1m + T1mdt1m) 2

• (25) 

CJie,n;yeT HMeT.& B BH,lzy', llTO MHH.HMaJI.&Ha.fl pa3A1.epHOCTL rno6a.JILHoro IIB
,D;OJDKHa onpe,z:r;emrrCLH KJiaCCOM BJIO>KeHH.fl pacCMaTpHBaeMoro MHOroo6pa3HH. ,U.mI
IIBM IIIBap�m,,n;a oHa paBHa weCTH3 1  >. B TaKoe 6-MepHoe o61,er.uno�ee MHo­
roo6pa3He MO>KeT 61,rr1, BJIO>KeHa umap�,n;OBCKSH MeTpHK8 K8K B 6pa,n;HOHHOM 
TalC H B TSXHOHHOM BapHaHTax1 8 > . YtmTbIB8.H nceB.a;oeBKJIH)];OBOCTL MeTpHKH o61,­
eMJIIOmero npOCTpaHCTBa, MO>KHO npe,J:VIOJIO>l<HTL, llTO B Ta.KOM npe.a;craBJieHHH 
OTO B03MO>KHO peweHHe H3Becmoii npo6ner.11,1 coxpa.HeHWI AJI.H TeH30pa 3Hep­
nm-HMIIym,ca3 t >, KOTOpaH Tpe6yer AJI.H CBOero peweHH.H BBe,n;eHHe BLICIIIHX paa­
MepHOCTeit B Teopmo2 9> .  

OqeBH,n;Ho, tITO paccy>K,O;emm, npe,a;CTaBJieHHbie B ,a;aHHoM paa.a;ene AJI.H IIBM
IIIBap�,n;a Moryr 6:&rr& npHMeHeHLI u K o6meMY peweimro AJI.H qepHoii ,n;L1p1,1 
Keppa-H1,roMeHa. O,n;mu<o no.a;o6Hbm: noroco.a; oCJIO>KHHeTCH Heo6xo,a;HMOCT1>10 HH­
Tepnper� Bp�aro�eiiCH cynepJIIOMHHaJI.&HOH CHCTeMhl oTcqera B rpaBHTS�­
OHHOM none H 6onee CJio>KHoii crpyicrypofi: nceB,D;OCHHrYJI.fIPHbIX nosepxuocreii, 
paa,n;e.mnommc o6JiaCTH H3MeHemm ,D;eHCTBHTeJII>HhIX H MHHMhIX KOOp,a;HHaT : 

rRc : ] r+ ;  + oo [U] O ; r_ [ , rim : ] r_ ; r+ C ,
tac : JR+ ; + oo [u] O ; R_ [ , t1m : ]R_ ; R+ [ . (26) 

Ilo3TOMY, eCJIH noJIHoe IlBM IIIBaplllllHJU,.a;a Mhl MorJIH npe,o;craBHT.& B 8-MepHoM 
MHoroo6pa3HH KaK npOH3Be.a;eHHe .ztByx 4-MepHhIX pHMaHOBhIX npoCTpaHCTB (23), 
TO B cnyqae llOJl.fl Keppa-Hl>roMeHa He06XOAl{MO pacCMOTpeTL 6onee CJIO>KH)'IO 
TonoJiorH11eceyro CTPYKTYPY 

Ra = Rf" ' © Rf"' 2 © . . . © Rf"n, 

r.a;e j - HoMep no,J:VIpocrpaHCTBa. B TaKOM cnyqae npe.a;JIO>KeHHbrli no.a;xo.a; 6y,n;er 
paaBHT aBTopaMH B nocne.a;yrommc pa6oTax. 
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5. Ilpocmpa11cmso-speMJl ycKopeHH020 Ha61Z10iJame1ZR :
603.MO:HCHOcmb maxuo11-6paiJuo11no20 ,zepexoiJa

B OCT8Bllle:UcH tl8CTH craTl>lf MhI npHl\teHHl\1. BhWO,D;hI O cynepJIIOMHHaJll,HOM 
xapaKTepe onpe,o;enemn,rx o6Jiacre:u a pacumpemu,rx IIBM H paaBHBaeAtoe npe,o;­
craBJieHHe O KOMilJieKCHOM IIB K CHCTeMe OTCtieTa paBHOMepHO yc1<0peimoro Ha-
6JIIO,D;aTeJIH H noKa>KeM np�am,Hyro B03MO>KHOCTI> nepexo,o;a B paMKax OTO 
K CBepXCBeTOB.blM CKOpOCTHM, 

B pa.MKax PT0 1 2 ) caepXCBeTOB.bie CKOpOCTH paccMaTpHBaIOTCH paBHOnpaB­
IU,IM o6pa30M C ,D;OCBeTOBbIMH' HO nepexo,o; qepea CBeTOBO:U 6ap1,ep 3anpeI.QeH. 
OAHm<O B OTO xopowo H3BeCTHbI B03MO>KHOCTH pacllIHpemur IIBM qepea ropH-
30HThI2 5 >. Ilo-cy�ecray, pac1IIHpeHHe t1epea caeToao:u 6ap1,ep y>Ke H 6.hmo npoH3-
ae,o;eeo B nepai,rx paooTax no npo,o;oJI>KeHHIO noJIH lliBap�HJI1,,o;a aa ropH30HT 
co6hITH:u. Mbr pacCMOTPHM 3)IeCL 3TOT aonpoc BHe 38BHCHMOCTH OT �eCTBOB8HHH
qepm,rx .ru,tp B paBHOYCKOpeHHO:U CHCTeMe. 

PaCCMOTpHM HeKOTOpblli 000,eKT C TOtJKH 3peHHH ero co6CTBeHHO:U CHCTeMbI 
OTCtJeTa, lCOTOp.bIH ,D;BH>KeTCH C nOCTOmmhIM ycKOpeHHeM A, paBHhlM, CKa>KeM, 
yCKopemno CB060AHOro n�emm B noJie 3eMJIH g. TaKO:U 061>eKT MO>KeT �HraTl>CH 
HeorpaHHt1emro ,o;oJiro 6ea 1<aKHX-JIH60 np�am,m,rx orpaHHtieHHii (a co6cr­
BeHHoii CHCTeMe !) . Hcxo,o;H H3 3JJeMeHT8pHbIX coo6pa>Kemdi MO>KHO onpe,o;eJIHTI,
BpeMH H paccromme, Ha KOTOpbJX ,o;oCTHraeTCH npH noCTOHHHOM yCKopeBHH BeJJH­
tJHHa CKOpOCTH CBeTa : 

t = c/g, r = gt 2/2 = c2/2g. (28) 

't.lHCJleHHO t = 3 . 10 7 C � l ro,o;, r = 0,5 . 101 8  CM � 0,5 CBeTOBhIX ro,o;a.
B paMKax OTO 3TO MO>KHO no1<aaaTL H 6oJiee crporo. PacCMoTpHM reoMeTpHIO 

CHCTeM1,I OTCtieTa paBHOyCKopeHHoro Ha6JIIO,o;aTeJIH B ccpepeqecI<HX KOOp,o;HHaTax32 > : 

ds2 = ( I  + Ar cos 8)- 2 [(I - A 2r2) dt2 - ( I - A 2r2) - 1 dr2 -

- r2 (d82 
+ sin2 e dq,2)], (29) 

r,o;e A - nocrommoe yCKopeime, r - paccromme OT ea6JIIO,o;aTeJIH, c KOTOphlM 
CBH3.bW8eTCH HatlaJIO CHCTeMhI KOOp,o;HHaT, AO YCKOp.HIOI.QerOCH 061>e1<Ta. ,I(aHHaH 
MeTpe1<a ao MBoroM no,o;o611a xopomo H3BeCTHoii MeTpHKe ,o;e-CHTrepa H nepexo­
,o;HT B nOCJle,D;HIOIO npH BLIJ];eJiemm TOJThKO 3KB8T0pHaJII,HO:U IDIOCKOCTH, €J = n/2, 
H npH nepeo6oa11at1eBHH nocromnn,rx napaMerpoB : A2 = A/3, r,o;e A - 1<0CMO­
norHtiec1<an: nocroHHHaH. B ,o;amroM IIBM noaepXHocrr, r = A HBJIHeTCH rbpH-
30HTOM. 

06hit1HbIMH MeTO,D;aMH MO>KHO IlOK838TL, tITO 061>eKT no OTHOWeHHIO K H8-
6mo,o;aTemo 6y,o;eT nocrenemlO HC'tle38Tl, H3 BH,o;a, aCHMIITOTHtieCKH npHOJIH>KaHCl, 
K r = A, Ho mn<or,o;a ue nepeceI<aH 3Toii noaepXHoCTH. MbI HMeeM onpe,o;eneHHyro
aHaJIOI'HIO C noae,o;eHHeM 061>eKTOB B none maap�lllHJil,,D;OBCKO:U qepHO:U ,D;blpbl, 
B CHCTeMe OTCtieTa y,o;aJieimoro nOKOIO�eroCH Ha6JIIOA8TeJIH (no KOOp'JJ.l{HamoMy 
BpeMeim) reo,o;eaHtJeCKHe �OJI>KHbI 6.bITl, HeilOJIHbI H CHHryJIHpm,r npH r = A.
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B eaMoM AeJie, mm HMeIOT BHA reoAe3HqeCKHX B IIB Ae-CHT'Tepa33 > e yi<a3a.HHbIMH 
38MeHaMH : 

dr/dt = ± E- 1 ( I - A2r2) (E2 - 1 + A 2r2 - L2r- 2 + L2A2) 112, (30a)
d<p/dt = E- 1r- 2L ( 1  - A 2r2). (30b) 

rAe E H L - 3Hepnu1 (Ha eAH11HllY MaeebI) H MOMeHT rumym.ca ABJOKYmeikH 
tl8CTHlll>I, COOTBe'l'CTBeHHO. BHAHO, tITO pa,wlanl>HaH H yrJIOBWI CICOpOCTH o6pa­
IQaI0TCJI B HYJIL Ha ropH30HTe r = A. reoAe3HqeeKHe no eo6CTBeHHOMY speMeHH 
onpeAeJimOTCJI TOrAa CJie.zzyIOIIUlMH ypaBHeHHJIMH : 

dr/ds = ± (E2 - 1 + A2r2 - L2r- 2 + L2A2) 112, (3 1a) 
d<p/d.s = Lr- 2 • (3 1b) 

3TH ypaBHeHHJI He o6Hapy>KHBaIOT oeo6eHHOCTH Ha nosepXHOCTH r = A, tlTO
noKaabmaer B03MO>KHOCTI, ABll>KeHHH qepe3 ropH30HT no 0Tet1ery eo6craeHHoro 
BpeMeHH. 

B AaHHOM IIB, noA06H'o IIBM t1epHbIX Abip MO)Ke'l' 6bm nocrpoeHo pac­
IIIHpeHHoe MHoroo6pa3ue, nepeKpbmaromee o6naCTH, paaAeneHHbxe ropH3oHTaMH. 
3TO no3BOJU1e'l' eAeJI8TI> BblBOA, tlTO B paBHOyCKopeHHOH CHCTeMe OTeqera qacnma 
MO)KeT nepeceq1, ropH30BT r = A 38 KOHetlHoe BpeMH H BbIH'IH B eynepJIIOMHHaJil,­
HYIO o6naCTb, rAe r > A. B eaMoM Aene, MeTPHI<Y (29) B AByMepHOM CJIYqae 
@ = n/2, <p = eonst. MO>KHO npespaTHTI, B IlJIOeKYIO ds2 = dt2 - dz2 nocpe.a;­
CTBOM npeo6paaoammH32 > 

t = A - 1 sh (Aw) + r · eh (Aw), z = A- 1 eh (Aw) + r • sh (Aw), (32)

rAe Bse.a;eHo w = t + f ( 1  - A 2r2) - 1 dr.
Tenep1, nerao Haiim cpopMy npeo6paaosaimit JiopeHD;a B yeKopeHHoit CHCTeMe 

OTe'lleTa B KOOpAHffaTax (w, r) KOTOpbie 3aIIHWyTeH : 

A- 1 sh (Aw') + r' eh (Aw') = 
A- 1 sh (Aw) + reh (Aw) - V [A - 1 eh (Aw) + r sh (Aw)]

(1 _ y2) 112 

A- 1 eh (Aw') + r' sh (Aw') =
A - 1 ch (Aw) + r sh (Aw) - V [A - 1 sh (Aw) + r ch (Aw)]

( I _ v2) 112 

(33a) 

(33b) 

,UJIH paeCMo-rpeHHH noBeAeHHH CHHcymlpHoro MHOH<HTeJUI (1 - V2) 112 BbitlHe­
JIHM C1Copocr1, V = dz/dt H ee KBaApaT :

j72 = (VA + 1 )2 sh2 (Aw) + A 2r2 ch2 (Aw) + 2Ar (VA + I) eh (Aw) sh (Aw) (VA + 1 )2 eh2 (Aw) + A2r2 sh2 (Aw) + 2Ar (VA + I) sh (Aw) eh (Aw) 
(34)
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Mo>KHo B�eT.&, lflO npu CKopocru, BhitmCJieHHOH B co6crBeHHoii CHCTeMe 
OTcqera V = dr /dt = I CHHcymIPHOCT.& B paCCMaTpHBaeMOM MHO>KHTeJie OTcyT­
CTBYeT. Crr�oBaTeJILHO, B 3TOH CHCTeMe OTCqera 6y.a;er OTcyTCTBOB3Th cmn-ym1p­
HOCTI, B pa3Jllll1HbIX pe.rurrHBHCTCKHX clJopMyJiax (.r(JUI MaCCl>I, 3Hepnm H .a;p ,), 
KOTOphIMH o6hit1HO o6oCHOBbIBalOT HeB03MO>KHOCT& .a;oCTIDKemm H rrpeo.a;oJieHWI 
cserosoro 6ap&epa MaTepHaJII,HhIMH TeJiaMH. BHAHO, tlTO yCTpaHeHHe 3TOH arn­
rym1pHOCTH B .a;aHHOM �ae o6yCJIOBJ1eHO MHO>KHTe.JmMH, co.a;epma� ycKO­
peHHe A. 

CrreAfeT HanOMHHT.&, qTO nonyqeHHoe aaKJiroqeHHe He npoTHBopetIHT o6hN­
HOMY BhIBOAf o HeAOCTIDl<HMOCTH CKopocrH csera B CTO . 0THOCHTeJILHO m1ep­
:QH8JII,HOH cy6JIIOMHHaJI&Hoii cucreM:hl oTcqera 3Toro HHKor.a;a He npoucxoAHT. TaK 
me KaK soaMo>KHo nepeceqeHHe ropuaoHTa co61,rrmi: qepHoii J:U>IphI B na.a;arom;eii 
CHCTeMe, HeHa6mo.a;aeMoe, OAffaKO, H3BHe; TaK B co6CTBemIOH paBHOYCl<OpeHHOH 
cHCTeMe soaMo>KHo nepeceqeHHe cserosoro 6ap&epa 6ea Hapymemm npmuomos 
OTHOCHTeJII,HOCTH. 

B aaKJIIOqeHHe aaMeTHM, qTo IlBM pasuoyCKopeHHoro Ha6mo.a;aTe.m1 MO>KeT 
61:,ITI, rrpeACTaBJieHO a KOMnJieKCHOH clJopMe u a npocrpaHCTBe 6onee BhICOKOH 
pa3MepHOCTH, eCJlll rrpmurrr, BO BHHMaHHe peayJI&TaThl paa.a;ena 4, tlTO .HB.mleTC.R: 
npeAMeTOAl OTAeJILHOH pa6oThI. 

6. BbzBoobz

OcHOBbma.sre.& Ha pe3yJII,TaTax PTO MLI B .a;aHHOH pa60Te pacCMoTpeJIH npH­
MeHeHHe KOMnJieKcHoro IlB K pacWHpeHHhIM MHoroo6pa3mmM OTO. Ilo.nyqeHhI 
CJieAYIQ�e OCHOBHbie BhIBO.Z:U,I. 
1 .  IlpH aHaJIHTHlleCKOM rrpo.a;oIDKemm KOOpAHffaT K KOMnJieKCHhIM 3HaqeHHHM 
mrrepBaJI B Teop.HR OTHOCHTe.JI&HOCTH ocraerc.sr HHBapHaHTOM. 
2. IloKaaaHo AJ1J1 MeTpHKH Keppa-H&10r.1eea, tITO orrpeAeneHHb1e o6naCTH ITBM,
oT.a;eJieHHhie ropH30HTartm, .HBJUIIOTC.R: cynepJIIOMHHaJil,HbIMH.
3 .  Ocym;ecrBJieHo noCTpoeime pacnmpeHHoro IlBM B KOMnJieKCHOM npeACTaB-
JieHHH. 
4. IloK83aHO, tlTO npH eAIQIOM pacCMOTpeHHH Bcero MHoroo6pa3WI co61>ITHH B
noJIHoM ITBM, cs.sraaHHhxx c 6pB.AHOHaMH H Tax.HOHaMH H npoucxo� B paa­
JIHllHbIX ero o6JiaCTJIX, rJI008JII,Ha.R: pa3MepHOCT.& paBHa BOCLMH.
5. HeeBKJIH,a;OBa TOilOJIOrH.sr IlBM (KOOp.a;HHaTHhie CHHrymipHOCTH, BblClllHe paa­
MepHOCTH) KaK B OTO, TaK H B CTO o6yCJI0BJieH1>I KOHeqffOCTLIO clJYffAaMeHTanL­
Hoii CI<OpOCTH.
6. OnpeAeJieHa B03MO>ICHOCT.& 6pa.a;HOH-Tax.HOHHbIX nepexo.a;os B paBHOMepHO YCKO­
peHHOH (co6CTBeHHOH) CHCTeMe OTCtleTa .

B aaKJiroqeHHe aBTop1:,1 rny6oKo 6naro.a;ap.HT npocp. IlaaI11Hqa M. (Pavsic 
M.) u npoclJ. PeKaAlH 3. (Recami E.) aa BhIChIJIKy OTTHCKOB u npenpHHTOB CBOHX 
pa6oT, aa mrrepec K pa6oTe H aaMeqaHH.JI, a TaK>Ke npoclJ. HoBmcosa H. ,n. n 
CTapo6HHcKoro A. A. 3a 'AffCeyccero. 

112 FIZIKA 17 (1985) 1, 101-114 



GURIN AND TROFIMENKO: COMPLEX COORDINATES • • •

JluTCpa-rypa 

1) A. Einstein and E. Straus, Ann. Math. 47 (1946) 731 ;  46 (1945) 578;
2) H.-J. Treder, Ann. Phys. (DDR) B40 (1983) 8 1 ;
3) S. W. Hawking, in General Relativity: An Einstein Centenary Survey, Cambridge, 1979, p. 746;
4) E. T. Newman, J. Math. Phys. 14 (1973) 744;
5) M. M. Schiffer, R. J. Adler, and J. Mark, J. Math. Phys. 14 ( 1973) 52;
6) E. J. Flaherty, in General Relativity and Gravitation, Ed. A. Held, New York-London, 

1980, eh. 5;
7) R. Penrose, in Quantum Gravity : An Oxford Symposium, Clarendon Press, 197S, eh. 6;
8) E. H. Brown, J. Math. Phys. 7 (1966) 417;
9) D. Weingarten, Ann. Phys. (USA) 76 (1973) 510;

10) M. Pav§ic, Lett. Nuovo Cim. 30 ( 1981 )  1 1 1 ;
1 1 ) M. Pavsic, J. Phys. A14 (1981) 3217;
1 2) E. Recami and R. Mignani, Riv. Nuovo Cim. 4 (1974) 209;
13) H. C. Corben, Nuovo Cim. A29 (197S) 415;
14) E. Recami and G. D. Maccarrone, Lett. Nuovo Cim. 28 ( 1980) 15 1 ;
15) A. 11. Tpoq>HMem<o, Omoubl u npocmpaHcmso-speMR. llenoimpoeaHHo B MHMOH AH CCCP

Ng 12431 (1982);
16) A. 11. Tpoq>miemco, Ilpuur,un pa3su,mm s acmpo(PU3UKe. ,[(enoHBpoe1U1Ho e HHHOH AH 

CCCP ,Ng 2027 (1978); Bce11eHHaR u pa3sumue, MlmCK, Hayi<a B TCXHHKa, 1981 ;
17) P . H. Xpam<o, ,IJ;oK.Jm,IU,1 AH CCCP 176 ( 1967) 56; )K3T<I> 50 (1966) 1636;
18) V. S. Gurin, Fizika 18 ( 1984) 87;
19) V. Gorini, Comm. Math. Phys. 21 ( 1971 )  ISO;
20) G. D. Maccarrone and E. Recami, Preprint INFN/AE-82/12;
21) C. Ramon and E. A. Rauscher, Found. Phys. 10 (1980) 661 ;
22) B. A. YBT, TpyAl,I HHCTJITYT& q>H3m<H H aCTpOHO.MHH AH 3CCP, ,Ng 16 (1961);
23) R. Goldoni, Acta Phys. Austr. 41 ( 1975) 133; Lett. Nuovo Cim. 21 ( 1978) 333;

24) V. De Sabbata, M. Pavsic, and E. Recami, Lett. Nuovo Cim. 19 (1977) 341 ;

25) S. W. Hawking and G. F. R. Ellis, The Large Scale Structure of Space-Time, Cambridge 
University Press, 1973, eh. 5;

26) B. Carter, Phys. Rev. 141 (1966) 1242; 174 (1968) 1559;

27) R. Gautreau, Nuovo Cim. A50 (1967) 1 20;

28) JI • .I(. Jl&HAay, E. M. Jlucl>I11HU, Teopu,i no.llR, MoCKBa, Hayi<a, 1973; rn. 10:

29) A. 11. Tpoq>HMem<o, ,l{ua11eKmuKa u npo611e.Mbl meopuu omoHos. ,IJ;enoHHpoeaHHo B MHMOH
AH CCCP Ng 2668 (1978);

30) W. Rindler, Amer. J. Phys. 34 (1966) 1 174;

31) B. H. l1C'l'p0B H Al)., Ilpo611e,,w ynpas11eHUR pe1111musucmcKUMU u KBQHmOBWMU 0UHQMU'l6CKUMU 
cucmeMa.MU, MoCKBa, Hayi<a, 1982, e. 198;

32) W. Kinnersley and M. Walker, Phys. Rev. D2 ( 1970) 1359;

33) P. ToJIMeH, Omuocume111,uocm1,, mep.A1oiJuHaMt1Ka u KOCM011ozu11, MoCKBa, Hayi<a, 1974,
§ 144.

FIZIKA 17 (1985) 1, 101-114 113 



GURIN AND TROFIMENKO: COMPLEX COORDINATES . . .

KOMPLEKSNE KOORDINATE U PROSIRENIM VISESTRUKOSTIMA 
OPCE TEORIJE RELATIVNOSTI 

V ALERIJ S. GURIN i ALEKSANDER P. TROFIMENKO 

Astronomska sekcija Odjela astronomsko-geofizickog druiwa SSSR u Minsku, Minsk, SSSR 

UDK 530.12 

Originalni znanstveni rad 

U i�trazivanju najopcenitijeg slucaja Kerr-Newmannove crne rupe vremena-pros­tora je pokazano da se oblast izmedu horizonta dogadaja i unutrasnjeg horizontamoze smatrati superluminalnom u kojoj koordinate prostora-vremena postaju ima­ginarne. Tu oblast se ne moze opaziti izvana. Na temelju toga izvodimo zakljucako globalnoj dimenzionalnosti prosirenih visestrukosti prostora-vremena i tvrdimoda postoji potreba da se uvede vise dimenzija u relativnost. 
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