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A variety of relativistic objects with event horizons (otons) and reference frames 
in extended space-time manifolds of general relativity is considered. Their syste­
matics is constructed and the following main classes are distinguished : bradyonic, 
tachyonic, antibradyonic and antitachyonic. Possibility of bradyon-tachyon-anti­
bradyon-antitachyon transitions through peculiar surfaces (horizons) is shown in 
extended manifolds. 

I . BBeiJenue

06�WI TeOpHH OTHOCHTeJILHOCTH (OTO) OI1HCLIB8eT MO.l(eJIH paaJJHtnn,IX 
pemrrHBHCTCKHX 061>eKTOB : llIBap�.l(OBCKHe ' (peiicCHep-Hop.zi;CTpeMOBCKHe, 
KeppoBCKHe H np.) qepHLie H 6em,1e JJ;l>IpLI, 3aMlCHYT1>Ie MHpLI H .zi;p . )lJUI ecex 
no.zi;o6HLIX 061>eKTOB npeJJ;JIO>KeH o6o6xqaro� TepMHH >)OTOHLI<<, KOTOpl>Dl 6LIJI 
eee.zi;eH ))B KatieCTae BH,ll;OBOro HaHMeHOBamuI, 061:ieAfflUll()�ero BCe pa3H0BH.l(HOC­
TH Te.JI C pemITHBHCTCKHM IlOJleM THrOTeHHH, HaXOJJ;H�CR B:uyrpH TaK H831>IBae­
MOro zopU3onma wm aCHMIITOTHtleCKH npu6nH>Karo�cn K HeMy<c 1 > .

Hau6onee H3BeCTHbIMH H3 OTOHOB KBmlIOTCH qepHLie JJ;b1p1>I. IlpoCTemIIWI 
qepHaH JJ;blpa OnHCDIBaeTCH MeTPHKOH Illeap�.zi;a ( s.zi;ea, H .zi;anee HCilOJll',3YIOTCR 
reoMeTpHSOBaHHl>Ie e�I, B KOT0p1>IX c = G = 1): 

ds2 = (1 - 2M/r) dt2 - (1 -2M/r)- 1 dr2 - r2d82 ; 

r,qe M - noJIHaJI Macca OTOHa.
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TROFIMENKO : SYSTEMATICS OF RELATIVISTIC OBJECTS . . .

B uaH6onee o6�eM cnyqae qepmm Abipa orrnCbmae-rcH MeTpm<OH Keppa­
-HLroMeHa, KOTOpaH 3aIIHCbmaeTCH B CIIJUOC:HYTbIX KB83HCcpepOffA8.JlbHbIX KOOp­
'AHHaTax cn�� o6paaoM2 > : 

ds2 = - (L1/e 2) [dt - a sin2 @dqJ] 2 + (sin2 0/e2) [(r2 + a2) dqJ - adt] 2 +

+ (e 2/f.1) dr2 + (! 2 d@2,

L1 = r2 - 2Mr + a2 + Q2, e2 = r2 + a2 cos2 e, 
(2) 

rAe Q - nomthIH 38PH'A oToHa, a - yrnonoii MOl\leHT npa�eHHH Ha e.rpuIHllY
MaCCbI. 

B CBOe BpeMH 61:,mo IlOKa3aHO, trro y qepHbIX ALip OTcyTCTBYIOT nenTOHHbie3 > 

H 6apuomn,re4> qucna. KapTepoM 61:,ma ,n;oKa38Ha TeopeMa o TO.rtt, trro qepuyro 
Ah1PY MO>KeT xapaKTepH30BaTI, orpaHHtleHUoe KOmtqeCTBo napaMeTpOB, a HMeHHO, 
Macca, 3ap.f!A H yrnoBOH MOMeHT Bp�emuI 5) .

3HatJHTeJll>HO pacnmpHeT MHOroo6paaue OTOHOB paCCMOTpeHHe cynepJIIOMH­
HanLHblX npeo6pa3oBamm B OTO 6 • 7 • 8 > H noB1:,nneime paaMepHoCTH npocrpaucrna­
-BpeMemt9 , 1 O ,  1 1 , 1 2 > .  Ko�e� OTOHllbIX .MHpOB �eCTBeHHO }'BeJIHtmBaeT KO-
JIHtieCTBO pa3.JJHllHblX OTOHOB, HMCIO� aCTpOq:>H3ID1eClC}'I0 HHTepnpeT�, H 
IlOMoraeT IlOHHTh pa3JDAm,Ie KOCMHlleCKHe q:>eHOMeHhI (raMMa-BCIIJleCKH, CKphITaH 
Macca Bce.rreimoii, aaqaJ1Lm,1e HOOAffOPOAffOCTH, IIyCTOTbI BO Bce.rreHHOH, KBa-
sap1:,1) 1 3  > .  

B pa6oTruc°'14, 1 5  H 16  61,ma pa3BHTa CHCTeMaTm<a OTOHOB, HCllOJ1.E,3ytO�aH no­
JIO>KeHHe 06 OrpaHHqeHHOM KOJIHtlecrae rno6anLHbIX napaMeTpOB qepHLIX Abip . 
B1,mo yCTaHOBJ1eHo cy�eCTBOBaHHe B CHCTeMaTm<e Knaccon OTOHOB, auanorHtIHhIX 
KJl8CCaM 061>eI<TOB B paCIDH})eHHOH TeopHH OTHOCHTe.Jil,HOCTH (PTO) : 6paJ(HOHbI, 
. JIIOKCOHbI, TaxHOHbI, aHTH06'1>eKTI>I, aHTHTaxHOHbl. y CTaHOBJleHa B03MO>KHOCTI, 
3BaID{OnepexO.r(0B Me>K,Izy 3THMH KJlaCcaMH 061>eKTOB (B qaCTHOCTH, OTOHOB) IIyTeM 
npeo.rtoneHHH oco6eHHbJX nonepmoCTeH npu .r(BH>KeHHH B yCKopeHHOH CHCTeMe 
oTcqe-ra 1 5 > .  

HaCTOH�aH pa6oTa IIpOAOJDKaeT HCCJle,l(OBaHHe CHCTeManu<H OTOHOB c no­
MO�IO pacCMOTpeHHH MHO>KeCTBa CHCTeltl OTCtleTa B pacWHpeHHOM IlpOCTpaHCTBeH­
HO-npeMeHHOM MHoroo6paaHH (IIBM). IloKaahmaerCH, trro KJ1acc oToHa onpe­
AeJIHeTCH BbIDOpOM CHCTeMbI OTCtleTa. BBOAHTCH CHl\lBOJIHKa H npOH3BO.t{HTCH 
nocrpoeHHe CHCTeMannm CHCTeM oTcqera B paCWHpeHHoM !IBM. 

2. Cucme.MamuKa omo1tos 11a oc11ose 2J1.06aAb1tblX napaMempos
,Il;mI YA06CTBa nocrpoemm CHCTeMaTHKH B03LMeM BHaqane TOJII,KO OTOHbI,

06n3Aaro�e M > 0, H paccMOTpHM TOJII,KO Q > 0, L > 0 (L - MOMeHT HM­
nym,ca). TaKHM o6pa30M, 6yAeM pa3JIHqaTL IlOKa OTOHI>t no HaJIHtlHIO ( +) HJIH
OTcyCTBHIO (0) aapMa wm MOMeHTa HMnyJII,Ca.

,Il;mI .r(aHHOro CJIYliaH MO>KHO COCTaBHTI, MaTpmzy H3 qeTI,Ipex 3JleMeHTOB
(pa3JIH'l1HbIX OTOHOB, KOTOpbte IlOKa npeACTaBJleHhI JIHIIIL qepHLIMH AI,Ip8.MH) :
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IUBap�,a;oBCKHH OTOH (Q = 0, fL = 0), peiicCHep-Hop,n;crpeMoBcrom OTOH
(Q ::fo 0, L = 0), KeppOBCKHH OTOH (Q = 0, L ::fo 0), Kepp-m,IOMeHOBCKBH OTOH 
(Q ::fo 0, L ::fo 0) . ECJm o603HatmTI, OTOH CHMBOJIOM 0, TO MO>KHO BBeCTH CJie)zy­
lOllzylO CHMBOJIH3aQHIO : 

0 (00) - umap�,n;oBcKHii, 0 (O+) - KeppoBCKHii

0 ( +o) - peHCCHep-Hop.n;crpeMOBCKHH, 0 ( + +) - Kepp-lll,lOMeHOBCICIW:. 

3.n;ec1, B HBHOM BH.D;e noKa3aHa CTpyK1ypa MaTp�hI. IIepBhIH 3HaI( B CK06Kax y 
OTOHHOro CHMBOJia o603HatiaeT HaJIHtIHe JIH6o OTCYTCTBHe aapH,r(a, BTOpOH - MO­
MeHTa HMnym,ca. 06�ee o6oaHatiemi:e oToHHoro CHMBOJia .a;JIH ,n;aHHoro CJIYtiaH 
6y.a;eT CJieizyroIQHM : 

O (QL). (3) 

C.a;eJiaeM CJIC)zylOIQHH mar no pacllIHpemuo MHO>KeCTBa 0TOHOB, HO npe.a;­
Bapm:em,Ho OTMeTHM B03MO>KHOCTI, B OTO pa3JIKlmOro xapaicTepa MaCCI:,I (M = 0-
- 3aMKffYTbIH MHp, M < 0 - aumo61,eKT) . CHMBoJI OTOHa Terrepr, aaIIHIIIeTCH B
CJie.qyro�eH cpopMe : 

O (MQL). (4) 

KoHKpeTHble THill:,I OTOHOB MOI'}'T Terrep1, o603HatiaTI,CH CJieizyro� o6pa30M: 
ffYJieBoH OTOH - 0 (OOO); IUBap�.a;oBCKHH - 0( +00) ; peiicCHep-Hop.a;­
crpeMOBCKHe - 0 (+ +O), 0 (+ -0); KeppOBCKHe - 0 (+0+), 0 (+0-); 
3apH>KeHHbie 6eaMaCC0BE,Ie OTOHI:,I (reom,r) - 0 (O+O), 0 (0-0) H T • .a;. 06�ee
tmCJIO rro.n;o6HbIX KOM6mia�Hii onpe,n;eJIHeTCH tmCJIOM pa3MeIQeHHH C IlOBTopemm­
MH Nn = 3 3 = 27, T. e. o6J:Qee 'lliCJIO pa3J1Hq}{1:,IX THIIOB OTOHOB B .ZJ;aHHOM cnyqae 
N0 = 27.

Tenep1, c.a;eJiaeM e�e OAHH mar no pacIIIHpeHHro MHoroo6paaHH OTOHOB., 
BBe,n;H .rtJIH pa3JIHtieJUUI KOJIJianCHpyro�, CKOJIJiaITCHpOBaBnmx H aHTHKOJIJianCH­
pyro� OTOHOB BpeMeHHOH napaM.eTp' onpe,n;eJIHeMLIH xapaI<TepOM KOOp,n;HI:laT­
HOro BpeMeHH, l(OTOpoe CBH3aHO C co6CTBeHHbIM CJieizyro� Bbipa>KeHHeM1 7> :

dt = Vcoo  dT. (5) 

PacCMOTp:HM rrpocTeHllIHH CJiytiaH nrnap_ql.I.IHJil,,l{OBCKoro OTOHa, .ZJ;JIH KOTOporo 
1\teTpHtieCKHH K03cpq>�eHT onpe,n;eJIHeTCH H3 (1) : 

g0 0  = 1 - 2M/r.

XapaI<TepoM V g 00 H onpe,n;emreTCH BpeMeHHott rrapal\teTp T. 
,Il;.rrH KOJIJiancapa (r > 2M) OH 6y.qeT IlOJIO>KHTeJIF,Hl>IM - T ( + ). ,Il;.rrH >>BetI­

HOH« qepHOH .ZJ;blpl:,I (r = 2M) - T (0). 3aTeM .rtIDI 061,eKToB, H8XO.ZJ;H�CH no.u; 
ropuaoHTOM co61:,mm (r = 2M) - T (i) : 3TO osHa11aeT, 'ITO co61:,1THH no.a; ropu-
30HI'0M OTHOCHTeJIF,HO BHelllHeH CHCTe.l\lbl OTC'leTa HeHa6JIIO.l(aeMLI. M HaKOHe.q, 
.ZJ;JIH 6eJIOH .l(blphl, l<OTOpaH nonyqaeTCH H3 qepHOH .I(l:,Iphl rryTeltl HHBepcHH Bpe­
MeHH ( t ,. -t) - T ( -) . B AaHHOM cnyqae OTOHHbIH CHMBOJI 3ailllllleTCH B BH.D;e:

O (MQLT). 
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.I(aHHaH CHCTeMaTHI<a 3HatmTeJILHO pacnnrpHeT mmroo6paaHe OTOHOB . KpoMe 
6pa.n;HOHHbIX OTOHOB (6pa.n;HOTOHbI) OTMeTHM CJie,tzylOI.QHe KJiaCCI>I 061:iei<TOB : CHH­
ry.IDipHbie (uyneBI>Ie, 6eCK0HetJH1>Ie), 'I'axHOHHI>Ie OTOHbI, aHTHOTOHI>I, TaxHOHIIbie 
aHTHOTOHhl. 

HyneB1>1e OTOHI>I (381\UOfYTI>Ie MHp1>1) no.nyqaroTcH nyTeM npocroro nepexo.n;a 
K H}'JieBI>IM 3H8tieHWIM napaMeTpOB : 0 (0000) . 

TamoHHI>Ie OTOHI>I [Oi (MQLT)] no.rryqaroTcH nyreM 3aMem,1 .n;eiiCTBHTeJn,HI>IX 
auat1emrli rno6aJILHhIX napaMeTpOB Ha MIDIAlhte : 

M -+ iM, Q -+ iQ, L -+ iL, T -+ iT. (7) 

AlmloTOHI>I [O - (MQLT)] B pacCAtaTpHBaeMoii CHCTeMaTHKe BBO)];HTCH aua­
nomtmo aHTHtia�aM B PTO 1 8 > nyTeM mmepCHH napaMe-rpos : 

M -+ -M, Q -+ - Q, L -+ -L, T -+ - T. (8) 

TamOHHI>Ie mmlOTOHhI [O - i (MQLT] BBO.n;HTCH COOTBeTCI'BeHHO CJie,tzy­
IOIIOIM o6pa30M : 

M -+ -iM, Q -+ -iQ, L -+ -iL, T -+ -i T. (9) 

0TMeTHM, 'tfrO paCCMaTpHBaeMa.H CHCTeMaTHKa H BbIBO)];bI, CJie.n;y!OlllHe H3 
Hee, crrpaBe,a;JIHBbI H )];JUI 6oJiee IIIHpoKoro, Ho aHaJIOrHtIHoro MHoroo6pa3IDI 
061:ieI<TOB (Hanpmtep, t1acrmu _ PTO : 6pa,ttHOHOB, JIIOI<COHOB, TaxHOHOB, aHTH-
6pa.n;HOHOB, aHTHTaxHOHOB. 

�enaeM Tenep1, noCJie.n;mm war B .n;aHHoii pa6oTe no pacumpeHHIO MHoro­
o6pa3mm OTOHOB, BBe)];H B paCCMOTpeHHe HHep[tHOHHhie OTOHbI, o6paayIOlllHeCH 
B pe3yJIDTaTe IlOHBJiemm ropH30HT0B y HeHHep�am,Ho )];BH�CH 061:ieICTOB 1 6> .

HHep[tHOHHI>Ie OTOHbI MOryT 6I>ITb pa36HThl Ha )];Ba OCHOBHhIX KJiacca : BO­
-nepBbIX, aICCeJiepa[tHOHHbie - )];B�ec.H C IlOCTOmnU:,11" mmeHHbIM ycKO­
peHHeM A - 0 ( . . .  A), BO-BTOpbIX, pOTaqHOHHhie - Bp8II(alOI.QHeCH BOICpyr 
co6CTBeHHOH OCH C yrJIOBb:ml MOMeHTOM L - 0 ( . . . L . . .  ) 1 6>. 

MeTpm<:a aICCeJiepa[tHOHHOro OTOHa B ccpepHtieCI<HX KOOp)];H}laTax HMeeT CJie­
,tzyIO� BH)]; 1 9 ) :  

ds2 = ( 1  + Ar cos @)- 2 [( 1 - A 2r2) dt2 - (1  - A 2r2) - 1 dr2 - r2 (deJ2 + 
+ sin e2 dq,2)] . ( 10) 

MeTpHICa poT�OHHoro OTOHa B I.Uf.JIHH)];pHtieCI<HX ICOOp)];ImaTax HMeeT CJie­
.zzyro:uzyro cpopMy 2 > :

ds2 = (1 - L2r2) dt2 - 2Lr2 dq, dt - r2 dq,
2 - dr2 • ( 1 1) 

C ytleTOM napaMeTpa Hellllep[tffaJII,HOCTH )];BH)l<eHIDI OTOHa - A OTOHHblH CHMBOJI
3aIIHIIIeTCH B CJie.zzyrolI(eii cpopMe 1 6  > :

O (MQLTA). (12) 
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C YtieTOl\l 3Toro napaMeTpa MHO>KeCTBO OTOHOB pacump.HeTCH COOTBeTCTBeHHO 
,n;o Nn = 3125. 

BMeCTe C TeM MHoroo6paaHe OTOHOB ( 06'.beKTOB) npe,n;CTaBJIHeTCH IlOKa e�e 
pa3p03Hel1HbIM, pa3,n;eJiel1HbIM Ha OT,D;eJibHbie KJiaCCI>I. B38HMonepexo,n;:bI OTOHOB 
( 06'.beKTOB) ,n;pyr B ,n;pyra B03MO>KHO OcyIQeCTBHTL ,n;ByMH cnoco6aMH : JIH60 B:bI6o­
poM CHCTeMbI OTCtleTa, JIH6o ,D;BH>KeHHeM qepes oco6I:>Ie noBepXHOCTH B pacumpeu­
HOM IIBM 1 5 > .  BaatiaJie pacCMOTPHM MHoroo6pa3He CHCTeM OTCtieTa. 

3 . Cucme.Mbl omCt1,ema B pacwupe11,bzx lIBM 
PaccMoTpeHHe CHCTeM oTctiera B pacnmpeum,rx IIBM MHoroKpamo YBeJIH­

tmsaeT HX tmCJio. B PTO Bb16opoM CHCTeM oTctiera onpe,n;e.rurerc.a THn 06'.beKTa: 
HanpHMep, HBJIH.HCL TaxHOHOM B cy6JIIOMHHaJILHOH CHCTeMe OTCtieTa, TOT me·o6'beKT 
6y,n;eT 6pa,n;HOHOM B cynepJIIO.MHHaJILHOH CHCTeMe OTCtieTa 1 8 ) .  II pH paCCMOTpeHHH 
pacWHpeHHbIX IIBM B03HHKaeT Heo6xo.n;HMocr1, paaJIHtiaT.o CHCTeM:bI OTCtieTa no 
HX non:omemuo oTHOCHTeJILHO oco61,rx noBepmoCTeH (ropH30HTOB coobITBii), Ko­
Top1:,rx MO>KeT 6:0ITI, MHO>KeCTB02 • 1 5 • 1 6 ) .

PaCC.l\10TpHM CHCTeMLI OTCtiera, xapru:<TepH3yIOnµrec.H JIHilll, Il.HT.&IO napaMe­
TPaMH : R - noJio>KeHHeM B onpe,n;eneHHOH o6JiaCTH IlBM, V - cKopoCTLIO,
A - yCKopeHHel\l, L - yrnoBoii CKOpocTLIO, i - yrJIOBbIM ycKopeHHeM. Bos1,MeM 
no aHaJIOI'HH C CHCTeMaTHKOH OTOHOB JIHIIIL IDITI, KatieCTBeHHO pa3.TlHtIHbIX napa­
MeTpOB : +, i, 0, - i, - . IlOJIYtIHTC.H NR = 5 5 = 3 125 pa3JIHtIHI>IX KOM6HHm:\Hli.

06o3HatIHM CHCTe.l\1y OTCtieTa CHMBOJIOM 

C (RVALi.). ( 13) 

Mcxo,n;Ha.H ( co6CTBemta.H) CHCTeMa OTCtieTa, OTHOCHTeJILHO KOTOpoii onpe,n;emr­
lOTCH Bee OCTaJILHbie CHCTeMhI OTCtie'l'a, HMeeT HyJieBbie napaMeTpI>I H o6o3Hatia­
eTCH - C (00000) HJIH C (0) . 

KatieCTBeHHoe paaJIHtIHe C ( ) no KaKOMy-JIH6o napaMeTpy BBO,n;HTCH tIHCJIOM 
oco6I>IX IlOBepXHOCTeH (ropli30HTOB co6:01mu), OT,D;eJUIIOIIUiX pacCMaTpHBaeMYIO
C ( ) or C (0), CJie,n;y10� o6pa3oM : (i)N . IlpH sroM npHMeM Rg = 2M = 1 
aHaJIOmtmO 4lYH,ZJ;aMeHTaJThHOH CKOpOCTH (c = 1) . PacCMOTpHl\l CJie,n;yIOJI01e 3Ha­
qemm N (O < N < 4). 

1 . N = 0, (i) 0 = + I . 3TOT c.r.cyqaii 03HatiaeT OTcyTCTBHe Mem,n;y C (0) H pac­
CMaTpHBaeMOH CHCTeMOH OTCtieTa oco61:,rx nosepXHOCTeH. IlpHtieM 3Ta CHCTeMa 
HBJIHeTC.H cy6JIIOMHHaJII,HOH H Ha,n;rOpH30HT3Jll,HOH, a ee napaMeTpbI HMeIOT CJ1e­
,n;y1o�I0 06Jiacr1, H3MeHeHHH : 

I < R < oo, 0 < V < 1, 0 < At < 1, 0 < LR < 1, 0 < itR < I .  (14)

2. N = 1, (i) 1 = i. B 3TOA1 CJIYtiae HMeeM cynepJIIOMHHSJll,ffYIO (no,rtrOpH30H­
TaJil,ffYIO) C ( ), T .  e .  HMeeTcH oAl{a oco6aH noBepXHoCTL Me>IC,D;Y C (0) H C (i), a 
napaMeTpbI noCJieAl{eii H3.MeHHIOTCH B o6JiaCTH : 

0 < R < 1, 1 < V < oo, 1 < At < oo, 1 < LR < oo, 1 < itR < oo. ( 15) 
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3. N = 2, (i) 2 = - 1 . Tenep1, HMeroTCH ;:{Be oco61>1e nosepxuocTH Me>K,tzy C (0) 
H C (-), T .  e.  HMeeM mmepTHposamryro CHCTeMY OTCtieTa, 06JiaCT1> H3MeHetIHH 
napaAteTpOB KOTOpofi: CJieJzylO�aH : 

- 1 < R < 0, - oo  < V < - 1, - oo  < At <  -:- l,

-oo < LR < -1,  - oo  < itR < - 1 . ( 16) 

4. N = 3, (i) 3 = -i. B .r{aHHOM cnyqae HMeeTcH mmepTHpOBaHHaH cynepmo­
MHHaJII,HaH C ( ), OTAeJieHHaH OT C (0) Tpel\UI oco6I>IMH noBepXHOCTHMH, a ee
napaMeTpbI onpeAemIIOTCH B o6JiaCTH : 

- oo < R < - I, - 1  < V < 0, - 1  < At <  0,

- 1  < LR < 0, - 1  < LtR < 0. (17) 

5. N = 4, (i)4 = + 1 .  3TOT cnyqaii C0Blla.r{8eT C nepBblM BapHaHTOM.
IIepexoA OT N = 0 K N = 4 paBHOCHJieu nosopoTy Ha KoMnJieKcuoii mnep­

nJIOCKOCTH CHCTeMbI OTCtieTa Ha 360° . IlpHtieM K8>K.r{blli mar 03HatJaeT H3BeCTH}'IO 
nepeMeny poneii npocrpaHCTBa H apeMeHH 1 • 8 • 9 • 1 8 > ;  a TOtIHee, nonopoT npocrpaH­
CTBeHHOH H BpeMemtofi: oceH Ha 90° H nmmJieHHe HOBl:,IX AOilOJIHHTeJILHbIX KOOp­
.r{HHaT (nOBbilllelllle pa3MepHOCTH) 6 ' 7 '  1 4 '  1 S ) . 

C yqeTOM BBe.r{eHHOfi: BI:.Illle CHl\tBOJIHKH OTOH B o6�el\l cnyqae MO>KHO 3anH­
C8TI, B BH.r{e : 

O (MQLTA) [C (RVALl)]. ( 1 8) 

IIpmmmx AYaJII,HOCTH B OTO 6 ' 8 ), 03Hatiaionum, Ha Halll B3r.JIH.r{, TO, tITO
HeKOTOpblH THll OTOHa WIH 061,eKTa (TaxHOH, aHTH06neKT H np.) B 3KBHBaJieHTHOH 
eMy CHCTeMe (coOTBeTCTBeHHO : TaxHOIDiaH, HHBepTHpOBaimaH H np .) 6yAeT 6pa­
.r{HOHOM, MO>KHO 3aIIHCaTL B cpopMe : 

O (M'Q'L' T'A') [C (R'V'A'L'L')] r,.J O (MQLTA) [C (RVALi)] .  (19) 

Cne.r{yro�ee Bbipa>KeHHe (20) 03HatiaeT B03MO>l<HOCTI> BbI6opoM CHCTeMhl
OTCtieTa MeHHTI> THII o6neKTa (OTOHa): 

0 (MQLTA) [C (R' V' A'L'L')] "' 0 (M'Q'L' T'A') [C (RV ALL)] . (20) 

PaccMOTPHM cnyqafi: 1mepl.\Ham,HbIX CHCTeM oTctiera - C (RV), T. e. onyCTHM
Apyme napaMeTpbI. Tor.r{a t.JHCJIO C ( )  orpaHHtIHTCH ae.rmtIIDiofi: Nn = 5 5 = 3 125. 
Me>KAY pa3.JIIAHbIMH CHCTeMaMH HMeIOTCH onpe.r{eJieHHLie B38H1\'I.OCBH3H. PacCMO­
TPHM HeKOTOpbie H3 umc: 

(2 1)  
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3TO Bbipameime 03HaqaeT 3KBHBa.JieHTHOCT:& no.z:tropH30HTa.JI:&HOii cynepmoMH­
Ha.JI:&HOH C ( ) H mmepTHpOBaHHOH C ( ) . C Il0l\l0lll;I,l0 CHMBOJIHKH MO>l<HO o6Ha­
py>KHT:& H MHO>KeCTBO .z:tpyrmc no.z:to6HLIX B38HMOCBH3eH. B .  o6w;eM cnyqae 3KBHBa­
JICHTHOCTI, CHCTeM OTCt.IeTa onpe)];emieTC.fI H3 paneHCTBa npOH3Be,l(eI-mH 3HaqeHHH 
me napal\1erpon 

C ( ) ,-J C' ( ) ·  npu (RV) = (R' V') .

C (i +) � C (+ i) 

(22) 

(23) 

onpe.z:te.TIHeT 3KBHBa.JieHTHOCT:& no.z:tropH30HTa.TILHOH H cynepmOMHHa.Jl&HOH CHCTCM , 
Mo>KHO 3aKJIIOt.IHT:&, crro (21) H (2�) Il0K83b1B8IOT CBOttCTBO KOMl\lyTaTHBHOCTH 
CHCTeM OTcqeTa. 

PacCMOTpHM HeKOTOpbie COOTHOIIICHIDI, CBH3bIBaI0lll;He OTOHbl ( 061>eKTbI) H 
CHCTeMI:,I OTcqera: 

0 ( ) [C ( + i)] = 0 ( )  [C (i +)] = Oi ( )  [C {+ +)] . (24) 

Bblpa>KeHHe (24) 03HaqaeT' qTQ OTOH ITO)]; ropH30HTOM co6bITHH HJIH B cynep­
JIIOMHHa.JII,HOH C ( ) npe.z:tCTaBJIHeTCH T8XHOJillI:,IM B Ha.n;ropH30HTa.Jl&HOH cy6mo.MH­
HaJll,HOH C ( + +  ),  .r(pymMH CJIOBal\lH, 6pa.n;HOH B 06.JiaCTH R < r

g
, T .  e. B C (i + ),  

HJlH B C ( + i)  HBIDleTCH Ta.�OHOl\1 OTHOCHTeJll>HO C ( + +) rum: C (00) . 3TO >Ke 
IlOK83blB8eT acco�aTHBHOCT:& 0 ( ) If C ( ) ' 061>eI<TOB H CHCTeM OTcqeTa. 

Paccl\l0Tpru1 ew;e o.r(Ho BbipameHHe: 

0 ( )  [C (- +)] = 0 ( ) [C ( +  -)] = 0 ( )  [C (ii)] = 0 - ( )  [C (+ +)]. (25)

B1:,1pameHHe (25) 03Haqaer, llTO OTOH (061>eKT), H8XO,l(.fIIQHHCH B HHBepTHpo­
B8HHOii C ( - +), HJIH B ,l(B8iKAbI T8XHOHHOH C ( + -) , HJIH B no.z:tropH30HTa.JII,HOH 
cynep.JIIOMIIllaJil,HOH C (ii), OTHOCHTCJil>HO C ( + +) rum C (00) HBJUieTCH aHTH­
OTOHOM (8IITH061>eKTOM) . TaI<HM o6pa30M, npOH3Be,l(eI-me 3HaqeHHii napar.1eTpOB 
C ( ) onpe.rtemrer THn o6'heKTa, a crurno.JI CHCTeMbI 01cqeTa npe.z:tCTaBJIHeT co6oii 
HCKOTOpbIH orrepaTOp, nepeBO,l(Hlll;HH O,l(HH THil 061,eKTa B .z:tpyrnii. 3TOT onepaTOp 
C .rt.JIH C (RV) MO>KHO npe.rtcraBHT:& CJie,rzyrow;ru1 o6pa3oM :

(CO) = 0 iNr iN11 (MQLTA), (26) 

r.rte Nr - qnCJio ropH30HTOB co6hITHM Me>K.rtY C (00) M C (RV), Nv - t.UICJIO, pa3-
J(e.JIHI0w;HX C (00) H C (RV), CBeTOBhIX 6apr:,epoB . 

HTaK, KaK noKa31>maeT npose.z:teHHbm aHa.JIH3, H Bbipa>KeHIUI (24), (25), (26), 
BhI6opo.M CHCTeMbI OTcqeTa MO>l<HO nepeiiTH OT O,ItHoro THna o6'beKTOB K .z:tpyroMy : 
HanpHMep, OT 6p�OHOB K T8XHOHaM, OT qacnu� K aHTHqaCTH�aM. Ho no.z:to6HblM 
nepexo,l( HBJI.fleTCH ,I{HCKpeTHbIM., a Bbipa>KCHHe (26) npe,l(CTaBJIHeT co6oii KBaH­
TOBYIO onep�IO . H, eCJill Mbl XOTHM BBeCTH B <pH3HqecKYIO TeOpHIO B03MO>KHOCT:& 
nepexo.rta OT 6pa.n;uoHa K TaxHOHY (H.Jm OT qaCTH�I K aHTHqaCTH�e)' TO 3TO MO>KHO 
c.a;enaT:& . �BYMH cnoco6aMH. Bo-nepBbIX, l\lO>KHO .a;onyCTIITF, B03MO>KHOCTF, ,l(HCKpeT-
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uoro nepexo.rta ttepea oco6:r,1e (aceB.rtOCHHry.IDipID>Ie) noaepxuocra, ttTo MO>I<eT 
peaJIH30BaT&CH B KBaHTOBOH TeOpHH. Bo-BTOpbIX, 3TH B3aHMOnepexO,l{l,l (6pa,ttHOH 
� TaxHOH � aHTH6pa.rtHOH � aHTHTaXHOH)Z' B03M0>1<H1,I B paCIIllfpemll,IX !IBM 
OTO, KOTOpaH ,rtonyCI<aer uenpep1>IBH:&IH nepexo.rt ttepea oco6emn,1e nosepmoCTH 
(ropH30HThI co61:,rrmi, cseroB1,1e 6ap1,ep1,1) 1 5 • 1 6 • 7 > . 

4. BsauMonpeepau,euuJt 06ae1<moe 6 pacwupeuubZX IIBM OTO:
6paouou-maxuon-aumu6paduo11,-a11,mumaxuonnbze nepexoobl 

B cneQHam,HoH TeopHH oTHOCHTeJILHOCTH, T ,  e. ,rtJUI C (RV), nepexo.rt ttepes
CBeTOBOH 6ap1,ep, 1<0Top1,rli npe,rtCTaB.JmeT co6oH csoeo6paaH:&m ropH30HT co61,r­
nm6 · 7 · 1 0 · 1 8>, 3anpe�eH, Tai< KaK, HanpHMep, CmlcyIDipHOCT& pe.IDITHBHCTClCOH 
MaCCbI M = M0/Vl - v2/c2 -+ oo npH v -+  c ,rtenaer HeB03MO>I<HhIM .r(OCTIDICe­
HHe v = c. B PTO v > c CtmTaeTCH .rtonyCTHMoH, uo c ocraercn TalOICe npe,qem,­
Ho:ii: CI<OpOCT&IO, HO y»ce C .rtByx CTOpOH : HeB03MO>I<eH nepexo,q OT 'lJ < C K 'lJ > C 
H o6pamo (6pa,rtHOH OCTaeTCH 6pa,ltHOHOM, TaxHOH - TaxHOHOl\i) l 8 ) . 

Ho HM.elO�aHCH aHaJIOrw:I Me>K,Jzy ropH30HT8MH co61,rm:ii: H CBeTOBbIM 6ap.b­
epoM (oHH pas,rteJIHIOT !IBM Ha cy6- H cynepmol\umam,H:&1e o6naCTH, Ha HHX 
'lJ -+ C) 6 ' 7 ' 1 8 ) 110,rtBO,J:tHT K MhICJm O B03.MO>KHOCTH pacnmpeHHn !IBM sa CBe­
TOBOH 6ap1,ep aHaJiomtmo TOMY, KaK 3TO ,rtenaeTcH .rtJIH pacnmpemra !IBM sa 
ropHSOHT co61,rrmi1 5 > .  

Ilpeo,rtoner1, cseroso:ii: 6ap1,ep MO>KHo B yc1<opeHHo:ii: CHCTel\1e C (RV A) .I{BH­
rancL B Tettemm ueo6xo,qHMoro BpeMeHH 1 5 > . B cnyqae, eCJIH A = g (g - yc1<ope­
HHe cao6o.rtHoro n3'Aemm B none 3eMJIH), To B C  (RVA) = C (RVG) 6y,rtyT ua-
6mo,rtaT&CH re me 3cpc}JeKT1>1, tITO H B rpaaHTa:QHOHHOM none 3eMJIH, T.  e .  B no,rto6-
Ho:ii: CHCTeMe HeT I1pHH:QHI1HaJII,HbIX orpaHHtteim:ii: ,ltJIH HCOrpaHHtteHHoro ,ltBH>Ke­
HHH B Tettemm mo6oro np0Me»<yr1<a BpeMeJm (0 < t < oo). IlpH sTOM MO>I<eT
,ltOCTHr8T&CH 'lJ = c, a aaTeM 'lJ > c. 

Hcxo,rtn H3 3JieMeHTapm,IX a1,1pamemm MO>KHO onpe,rteJIHT& BpeMH H pac­
CToHHHe, Ha KOTOpbIX npeo,qoJieaaercn CBeTOBOH 6ap1,ep B C (RV A) OTHOCH­
TeJILHO HCXO.rtffOH C ( + + +) : 

t = c/g, r = gt2/2 = c2/2g. (27) 

qHCJleHHO t = 3 . 107 C ::::::  1 ro.rt, r = 0,5 . 1 0 1 8  CM � 0,5 CBeTOBblX ro,rta. Ilp:n
t > c/g Hml r > c/2g v > c.

IlpH paCCMOTpemm YCKOpeHIII>IX CHCTeM MbI BhIXO.rtHM sa paMKH ,rteHCTBIDC
cne:QHam,Ho:ii: TeopHH OTHOCRTeJI&HOCTH H nepexo,ltHM I< OTO, B KOTopoii !IBM 
yCKopelllloii CHCTel\ll>I OIIHCbmaeTCH MeTpHl{OH ( 10) .  B ,ltByxMepHOM cnyqae 8 =
= n/2, <p = const (10) nepexo,ltHT B B1>1pameHHe:

(28) 

IlpH r = ± A - 1 MeTpHtteCKHe K03q>q>H:QHeHT1>I CHHryIDlpHhI KaK y BpeMeHHOii,
TaK H y IlpOCTpaHCTBeHHOH KOOp,ltHHaT. Ho 3TH oco6ellllOCTH HBIDIIOTCH KOOp,rtH-

146 FIZIKA 18 (1986) 2, 139-149 



TROFIMENKO: SYSTEMATICS OF RELATIVISTIC OBJECTS • • •

HaTJibIMH H YCTpaHHIOTCH npH nepexo,a;e K COOTBeTCTByromeii: CHCTeMe 1<0op,a;llllaT 7 ) •
Ha 3TO, B 11aCTHOCTH, YKa3bIBaeT TO, 'ITO reo,a;esuqecKHe no co6CTBeHHOMY Bpe­
MeHH, onpep;eJIHeMI>Ie ypaBHeHHeM, 

(29) 

He HMeIOT oco6eHHOCTH Ha r = ± A - 1 , qTo ,a;aer B03M0>1010CT1> p;BH>Kemm C (RV A) 
B 06nacr1> !IBM c r> A - 1 • IIpH nepexop;e H3 o6naCTH r < A - 1 B 06nacr1> r > A - 1

npOHCXO)J;HT lillBepcmr MeTpwiecimx K03cpcp�eHT0B, qTo paBH03Haquo cynep­
JIIOMHHaJil>HOMY npeo6pa30BaHHl0 6 • 7 • 1 8 ) H nepeXOAf K cynepJIIOMlillaJil>HOH o6nac­
TH IIBM, 11To, cornaCHo (29), BnoJIHe B03MO>KHo. IIpuqeM IIBM OTOHa THna 
0 (OOOOA) co,a;ep>KHT pa3,a;eneHHb1e ropuaoHTaMH cy6- H cynepnroMHHa.m,:m,1e o6nac­
TH, Me>K,Zzy KOTOpbIMH B C (RV A) B03MO>I<HbI B3aHMonepexo,l(I:,I. IIpH 3TOM 061>eKT 
B HCXOAJIOH o6naCTH IIBM OTHOCHTeJil>HO C (RVA) npH nepBOM nepexo,a;e qepea
ropH30HT' corJiaCHO (26)' npeBpamaeTCH B TaxHOH, npH BTOpOM - B aHTH06'l>eKT :

O+ ( )  [C (i)] = Oi ( )  [C (O)] ;

Oi ( )  [C (i)] = 0 - ( )  [C (O)] .

(30a) 

(30b) 

B1,1pa>1<eHHe (306) He HCKJIIOqaeT Toro, 'ITO BTopoe: nepexo,a; qepes ropH30HT 
npHBe,a;er B HCXOAHYIO o6nacrr, IIBM, T.  e .  3TOT nepexo,a; 6y,a;eT qepes TOT >Ke 
ropH30HT, 'ITO H B cnyqae (30a), HO B o6pamoM uanpaBJ1eHHH. Tor,a;a Bbipa>Kemm: 
(30a-6) 6y,ey-r 03HaqaTI>, 'ITO 061>eKT, OCTaBaHCI> CaMHM COOOH B C (0), BepHeTC.fl
B HCXOAJtYIO 06nacr1> TIBM, uo KOTopaH 6y,a;er wm Hero y>1<e aHTHl\mpoM; HJIH,
11TO 3KBl1BaJ1eHTHo : IlOHBJieHHe B HCXOAffOM MHpe aHTH061>eKTa . IIpH 3TOM Bcrpeqa 
061>eKTa co CBOHM 8HTH06'1:JeKTOM (qaCTHql,I C aHTHqaCTHQeii), KaK H3BeCTHO, Be­
,a;eT K aHHHrHJIHIOIH, T. e .  HHcpOpMaQHOHHblH o6MeH Me>K,Zzy HWiH HeB03MO>KeH. 

YKa'3aHHbie BbIIIIe rrepexo,a;1,1 MOryT peaJIH30BbIB8Tl>CH TaK>Ke B rpaBHTaI�MOH­
HbIX nonHX, onHc1,mae1ru,1x: MerpHKoH (2), T .  e .  y OTOHOB, TIBM KOTOpbIX co,a;ep­
>I<HT MHO>KeCTBO pa3JIH11Hl>IX ropH30HT0B co6bITHH H pa3JIH11Hl>IX o6Jia­
CTeH2 • 7 • 1 5 • 1 6 • 2 0> .  B no,a;o6:m,1x: TIBM 'IHCJIO ropH30HTOB Mem,a;y pa3JIH11Hl>IMH CH­
crer.1aMH OTCtleTa MO>KeT 6blTI> np0H3BOJll,Hb1M, a 3Ha'IHT Nr B (26) MO>KeT 
AleHHTl>CH B IIIHpOKHX rrpe,a;enax : 0 < N,. < oo. 

3TO, cornaCHO (26), 03Haqaer B03MO>I<HOCTI, 6e3tlHCJieJUiOrO MHO>KeCTBa paa­
JIH'lllbIX nepexo,a;oB THna : 6pa,a;HOH +t TaxHOH +t aHTH6pa,a;HOH +t aHTHTaxHOH. Bo-
3MO>I<HOCTI, pacIIIHpemm 38 ropH30HT MeTpHK THil8 ( 1), (2), (10), ( 1 1)  H 03Hat1aeT 
ocymecrBHMOCTL nepexo,a;oB (19), (20), (24), (25), (30a), (306) H MHO>KeCTBa HAI 
rro,a;o6m,ix, HarrpHMep, rrepexo,a;a 3JieKTpH11ecKoro 3apx,a;a (6pa,a;uoHa) B Mouorro.m, 
(TaxHOH) . IIoCJieAUee o6yCJI0BJieHO TeM, 'ITO MOHOilOJIH (3HaJIOrHqJ{O TOMY, KaK 
H TaxHOHbI) B cynepmOMmlaJil>HOH CHCTeMe OTCtleTa rrpe,a;CTaBJIHIOT co6oii sne1c­
TpH11eCKHe 38pH,a;1,I (6pa�uom,1) . .IJ:pyrHMH CJIOBaMH, MOHOIIOJII, - 3TO 3JieKTpM­
qeCKHii sapg,a; B BbICIIIHX pa3MepHOCTIDC. 3THM 061>HCHHeTCH TO, 11TO MOHOilOJIH 
TaK >Ke, KaK H TaxHOHbl, ,a;o cmc rrop He 61,IJIH 06uapy>1ce:m,1 uerrocpe,a;crBeHHo, 
TaK KaK B co6CTBeHHOH CHCTeMe OTcqeTa C (00) OHR npe,ttCTaBJI.fIIOT co6oii 3JieK­
TpWieCKHe 3apH,a;1,I H 6pa,a;HOHbI COOTBeTCTBeHHo. 

1Io,a;po6Hbm aHaJIH3 3THX nepexo.zi;oB He BXO,a;HT B 3�aqy ,a;aHHoii pa6oTbI • 
.UeTa.JII,HOe HCCJie,a;oBaHHe B38Hl\lOIIepexo,a;oB OTOHOB ( 061>eKTOB) B pacIIIHpeHHbIX 
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IlBM c HCIIOJII,30BaHHeJ\1 ).(HarpaMM Ileupoyaa aarop rro11araeT nponecTH B AaJl.b­
neiiumx pa6oTax. 

5 .  Bbzeoobz 

McIIOJII,3YH pe3y JII,TaT.bI PTO, B AaHHoii pa6oTe anTopont 61,mo pacCMOTpeHO 
MHO>I<eCTBO 001,eKTOB (OTOHOB) OTO H CHCTeM OTCtieTa, IlOCTpOeHa HX CHCTel'ttanma, 
orrpe.l(eJieHa B03l'tto»<HOCTb B3aHMorrepexo,n;oa 061,eKTOB B paCIIIHpeHHl>IX IIBM. 
Ilo.rryqem,1 CJie,lzyIOII\He OCHOBHl>Ie BhIBO,D;I>I: 
1 .  Ha OCHOBe rJio6am,HbIX rrapaMetpOB IIOCTpoeHa CHCTeMaTHKa OTOHOB (061>eKTOB), 
co,n;ep>RaI.QIDI CJie,n;yro�e OCHOBHl>Ie KJiaCCbl : 6pa,D;HOHHl>Ie, TaxHOHHbie, aHTH6pa­
,D;HOHHbie, aHTHTaxHOHHl>Ie, HyJieBbie. 
2 .  YKa3aHHhle KJiaCCbI 001,eKTOB ( OTOHOB) onpe,n;eJIHIOTCH BbI6opOM CHCTeMbl OTCt.Je­
Ta , MHo>KeCTBO CHCTeM OTcqera CHCTeM.aTH3HpOBaHO. 
3 .  · Ilp1m1�m JzyaJII,HOCTH B OTO 3aIIHCaH B crumoJIHtieCKoil cpopl't1e H oaHaqaer, 
t.ITO HCKOTOpbIH KJiacc 061>eKTOB (TaxHOH, awm6p�HOH H np .) B 3KBHBaJieHTHOH 
eM)' CHCTertle OTCt.IeT8 (coOTBeTCTBeHHo : TaxHOHHOH, mmepTHpOBaHHOH H np.) 6y­
JI.eT 6p8J{HOHHbIM. 
4. HHepQH81II,H1>Ie CHCTCMbl OTCt.JeTa KOl'tll\l}"TilTHBHbI Me>KJI.Y co6oii, a TaI<>I(e acco­
I�Manmm,1 C OTOHaMH. 
5 .  Bo3MO>KHbI 6pa,D;HOH-T3XHOH-aHTH6pa,n;HOH-aHTHTaxHOHHl>Ie nepexO,D;bl B ycKO­
peHHOH CHCTeM.e OTct.Jera nyreM rrpeo,n;oneHHH oco6emn,ix noBepxuoCTeii (ropH-
30HTOB) B pacIIIHpeHHbIX IIBM OTO. 

B 3aKJIIOt.IeHHe anTop n1>1pa»<aeT 6Jiaro,qapnoCTb npocp. Ilaanrnqy M. (Pavsic 
M.) H npocp. PeKaMH 3 .  (Recami E.) 3a BbICbIJIKY OTTHCKOB CBOHX pa6oT H aa 
o,n;o6peime ,n;aHHoii HanpanJieHHoCTH HcCJie,qosaHHii; npocp. r. M. H,n;JIHcy 3a 
no,n;,rtepmey pa6oT aBropa ; B. C. rypmzy 3a noJie3Hbie 3aMet.IaHHH, n t.1aCTHoCTH, 
o TOM, qoro np�rr ,lzyaJII,HOCTH B OTO B o6�eM ceyt.Jae ronopHT 06 061>eKTax.
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Razmotreni su relativisticki objekti s horizontima dogadaja ( otoni) i referentni sustavi u prosirenim visestrukostima vremena-prostora opce teorije relativnosti. Sistematizacijom na braclione, tahione, antibradione i antitahione pokazana je mo­gucnost prijelaza braclion-tahion-antibradion-antitahion. 
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