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Original scientific paper Particles are investigated as strong extreme otons on the basis of the systematics of relativistic objects with event horizons ( otons) and reference frames as ext ended space-time manifolds of general relativity. Features of charge's behaviour in the space-time of a strong wormhole are analysed. Constants of a strong gravity are found out for different kinds of strong otons. Stable particles are represented as black holes and non-stable ones are done as white and grey holes. Within the pre­sent approach neutrinos are the Kerr-Newman strong otons. 
1 . BBeiJenue

061.qrur Teopmr OTHOCHTeJThHOCTH (OTO) OIUICbIBaeT peIDITHBHCTCKHC 061>eKTbI C ropH30HTaMH co61>rrmt; OTOHbI, HaH60Jiee H3BCCTHbie H3 KOTOpblX - llepHbIC �blpbl. IlpOCTpaHCTBeHHO-BpeMeHHoe MHOroo6pa3HC (ITBM) OTOHOB B 06ll\CM cn.y­qae OIIHCbIBaCTCH .MeTpHKOii Keppa-HL:EOMCHa. 3Ta MeTpHKa B Cil.JIIOCffYTbIX KBa-3HCcpepOH,IJ;WILHbIX I<OOp�HHaTax HMCCT BH� 1 ) :

ds2 = - (LJ/(/) (dt - a sin2 {j d'l)) 2 
+ (sin @Je 2) [(r2 + a2) d'l) -

- a dt]2 + (,;//LJ) dr2 + tl d@2, LJ = r2 - 2Mr + a2 + Q2, 

(! 2 = r2 + a2 cos2 e,
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rAe M H Q - COOTBeTCTBeHHo IIOJIHaH l\laCCa H 3apHJ( OTOHa, a - yrJIOBOH MOMeHT
Bpa�eHHH Ha eAHHHizy MaCCLI. ( 1)-(3) 3anHcaHbI B reOMeTpH30BaHHbIX ewumqax,
n KOTopLIX c = G = 1 .  B1:,rpameHHe (3) Ha3LIBaeTcH ropH30HTaJII,HOii cpyHK�eii:2 > 

H B 061:,ItIHI:,IX eAHHHqax HMeeT B� : 

(4) 

qaCTHbIH cnyqaii: ( 1) npH a = 0 H3BeCTeH AaBHO KaK MeTpHKa Peikcaepa­
-HOPACTpeMa : 

ds2 = ( 1 - 2M/r + Q2/r2) dt2 -
- (1  - 2M/r + Q2/r2)- 1 dr2 + r2 d!.?2. (5) 

MerpHKa ( 5) 61:,ma npHBneqeaa e�e 3iiHillTeimoM H Po3eHOM AJIH peilleHHH 
npo6neAu,1 qacrHq n OT0 3 > .  MAeH cHJ11>1-1oii rpaBHTaqHH, npeAJIO>KeHHaH Cana­
MOM4 >, AaJJa HOBhIH HMnyJibC AIDI npHBJleqeHHH MeTpHKH ( 1) H ee qaCTHI:,IX cnyqaeB 
B aaaJIH3e npo6nel\1 qacrHq B OTO 5 > . B CBH3H c TeM, tJTO B npeAnonaraeMyro eAH­
HyIO Teopmo B3aJL\\OAeiicTBHH AOJI>KHa 61>1T1> BKJIIOtJeHa H rpaBHT�, cneAYeT 
O>KffAaTI, onpeAeJieHHOro COBIIaAeHHH ee npeAeJibHhIX pe3yJibTaTOB C BI:,IBOAaMH 
TeOpHH CHJlbHOH rpaBHTai:mJI. 3To aKTYaJIH3Hpyer HCCJieAOB3HHH AaHHOH npo6-
JieMhI . 

Me»<AY Tel\1. uccneAOBaHHH qacraq B OTO aenoJIHhI no ABYM 06croHTeJI1>­
cTBaM. Bo-m;pBLIX, H3 Bcero J\'iHO>l<eCTBa OTOHOB6 ) HCIIOJll>3YIOTCH B OCHOBHOM 
JIHilll, qepHbie ALipbI H IIOJIY33MKHyTbie MHpbI. B CTOpOHe OCT8JIHCb 6eJJJ:,Ie H ce­
pble Ah!phI 7 ), KOTOpble MOryT Hl\leTb IllHpOKOe acrpocpH3HtJeCKOe IIpHJIO>l<eHHe KaK 
B paMKax UAeH >>3aAep>KaBillHXCH HAep<c 8 ), TaK H D KOHqeni:mH OTOHHhIX MHpOB 9 ) .
0TMeTHM, tJTO 6enble AhlphI HBJIHIOTCH xopollleii l\lOAeJiblO H3BeCTHbIX .Il:-Ten 
AM6apeyMHHa 1 O ) .  Bo-BTOpbIX, B MeTpHKe ( 1) paccMaTI)HBaeTCH B OCHOBHOl\1 npo­
CTpaHCTO-BpeMH H3A ropH30HTOM qepHoii ALipbI, a 6oraTaH CTI)YKTypa pacII1HpeHHO­
ro IlBM (PilBM) oToHa 2 • 1 1  > ocraeTcH BHe o6cy»<AeHHH. 

B HaCTOH�eii pa6oTe C yqcroM pe3yJ11>TaT0B paCillHpeHHOH teopHH OTHOCHTeJIL­
HOCTH (PTO) 1 2 > npoBOJ:lHTCH HCCJleAOBaHne npo6neMhI qacrm� B OTO aa ocaoae 
CHCTeMaTHKH OTOHOB H cacreM oTcqera B PIIBM Keppa-HLIOl\lCHa . AHaJJH3HpyeTcH 
IIOBeAeHHe 3apHAa BO BHy1'peHHel\l IlBM qacTaq, npe,llCTaBJI.HeMhIX KaK OTOHbl . 
OnpeAeJIHIOTCH KOHCTaHTbl CHJILHOH rpaBHTaqHH AJIH pa3JIHtJHhIX THIIOB qacruq 
H YCTaHaBJIHBaeTCH Me>ICAY HIIMH B3aHMOCBH3L. IlpoBOAHTCH aHaJIH3 JieIITOHOB KaK 
Kepp-HhIMeHOBCKHX CHJILHbIX OTOHOB, npH 3TOM YTOtJHHIOTCH napal\1eTphI HeHTJ)H­
HO. Hecra6Hm,H1>1e qacTHqbI onpeAeJIHIOTCH KaK CHJILHI:,Ie 6en1>1e H cep1:,1e ,llbipbI. 

2. CucmeMamu1<a omonoB u cucmeM omc'tlema 6 PIIBM 

Ha ocaone AnarpaMMhI IleHpoy3a AJIH PIIBM Keppa-H1>10MeHa npHJIO>l<Hl\l 
pe3yJibTaTbl CHCTel\'laTHKH OTOHOB H CHCTeM OTCtJern6 > K HCCJle,llyel\lOH npo6ner.1e.
YtJHThIBaH TPH rno6anLHhIX napaMerpa MCTpIIKH ( I ) : M, Q, a = L/M, a TaK»<e
pa3JIHtJHe 3HaK0B BpeMeHH ( T) y qepHblX H 6eJibIX ,llblp H B03MO>KHOCTL H3JIHtJHH y
ofh,e:,Ta ycKopeHHfl (A), OTOH MO>KHO o6o3HatJHTL CHMBOJIOM : 

O (MQLTA). (6)
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Ilyrel\1 nepexo,l:(a B ( 6) OT ACHCTBHTeJil,HbIX K MHHMbll\\ 3HalleHHHM napaMerpOB
l\to>KHO noJiyllHTL TaXHOHH:&Iii o6aeKT : Oi (MQLTA), a nyreM HHBepcHH - aHTH­
o6aeKT : O_ (MQLTA). B PTO AIDI 3Toro Tpe6yroTCH cooTBeTCTBeHHo cynepmo­
MHHaJILH:&Ie H ABa>KA:&I cynepmoMHHaJILHbie npeo6pa3oBamm 1 3 > . B OTO 3TO 
B03l\10>KHO nyTeM nepexo}:(a B pa3JIHllH:&Ie 03JiacrH PIIBM 9 > -M ( ) , OTAeJieHH:&Ie
oco6eHH:&IMH noBepXHOCTHMH. Ka>K,D;oii TaKOH o6JiaCTH M ( ) conoCTaBJI.HeTCH COOT­
BeTCTBYIO�aH CHCTeMa OTClleTa - C ( ) , B 3aBHCHMOCTH OT BbI6opa KOTOpoii 06':&eKT 
MO>KeT 6:&ITL 6pa}:(HOHOM (B), TaxHOHOl\1 (T), aHTH6pll'AHOHOM (AB), aHTHT&XHOHOM 
(AT) . TaKllM o6pa3oM, AJIH onpeJ:(eJieHHH THna OTOHa (o6aeKTa) ae,a;ocraTotIHo 
3aJ:(aTL JIH[Ill, ero napaMeTp:&I, a aeo6XOJ:(llMO yi<a3aTL TaK>Ke H CHCTeMy OTClleTa, 
OTHOCHTeJILHO KOTOpoii H onpeJ:(eJI.HeTCH 06':&eKT. C YlleTOM CKa3aHHoro CHM.60JI 
OTOHa B o6�eM cnyqae 3ailHllleTCH B BH,IJ;e6 > : 

O (MQLTA) [C (R VALL)]. (7) 

M3 MHomecrBa CHCTel\1 OTClleTa B03I>MeM npocTOii 1macc HHepI.lHaJILH:&IX C (RV) 
TOrJ:(a C ( )  6y,a;yT OTJIHllaTLCH V (V � c) H nono>KeHHeM B PIIBM OTHOCHTeJII>HO 
ropH30HT0B co6:&ITHH. IlpH 3TOM npOH3BeJ:(eHHe 3HatieHHii napaMeTpOB C ( ) 6yJ:(eT 
onpeJ:(eIDITL THil 06':&eKTa, HaxOJ:(.H�eroCH B J:(aHHOH C ( ) , OTHOCHTeJILHO HeKOTOpOH
HCXOJ:(HOH C (00) . C C ( ) MO>KHO CB.H3aTI> HeKOTOpbIH oneparop' nepeBOAH�
OAHH THil o6'beKT0B B J:(pyroii, HanpHMep, 'IaCTHllbI B aHTHt.IaCT�bl . 3TOT onepa­
TOp ,a;JIH C (RV) HMeeT Bu,a;6 > :

(CO) = OiN (MQLT A) (8) 

r,a;e N = N r + N 11, N r - llHCJIO ropH30HT0B co6:&1THii l\te>K,a;y C (00) H C (RV), 
NO - tIHCJio pa3,a;eJIH10� C (00) H C (RV) CBeTOB:&IX 6ap1,ep0B . Kam,a;oii o6JiaCTH
B PIIMB - M ( )  B cooTBeTCTBHH c (8) conoCTaBJIHeTCH napaMeTp : 

P (M) = (i)N. (9) 

B cooTBeTCTBHH c oco6eaaoCTHMH ,a;HarpaMM:&1 IIeapoy3a ,a;JIH PIIBM Keppa­
-H&IOMeHa 2 •  1 1 ) H C y11eTOM (8) H (9) MO>KHO B:&IJJ;eJIHTI> llleCT pa3JtHllHbIX M ( )
(Puc. 1) : 

1 .  M ( +) - HCXOW{a.H o6naCTL, c KOTopoii HatIHHaeTrn nocrpoeHHe PIIBM.

N = 0, P (M) = (i)0 = + I.

2. M (i) - o6JiaCTL Me>KAY BHellIHHM

r
+ = M + (M2 _ a2 _ Q2) 112

r _ = M _ (M2 _ a2 _ Q2) 11 2

ropH30HTaAlH co6:&IT1tii qepHoii ,a;:&Ip:&1. 
N = 1, P (M) = (i) 1 = i.
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3 . M (-) - o6naCTL npOTllBOIIOnOH<HaH M ( + ), �BIDKeHHe B KOTOpyro B03-
MO>KHO JIHillI, 110 IlpOCTpaHCTBeHHOII0�06HI>IM reo,n;ea�eCKHM . 

N = 2, P (M) = (i) 2 = - 1 .
4. M ( ·-) - OTP�aTenLHaH o6naCTL c JieBOCTOpOHHeH I<Onl,l.leBOH cHilry­

IDipHOCTLIO. 

N = 2, P (M) = (i) 2 = - 1.

P11c. 1 .  .D;uarpaMAta IleHpoyaa AJUI TIBM Keppa-H&1or.1eHa. B Mf > noI<aaaHbI pa3JIHqm,1e 3Jie­
AteHTLI TpacI>apeTHoro 6JIOKa (CAI. TCKCT). KpHBaH IlOKa3hIBaeT reoAe3HtICCKyro uapa6oJIHirecKytO 
OTOHa, reHeTHllCCI<H CB.f13bIBaro�ero 6enyro Abipy (E.II:) C ttepHOH AhipOH (t.J.IJ:). B Tpacl>apeTHOM 
6JioKe Mt,' BAOm. napa6011m1ec1<oii: reoAeaHt1ecKoii noKaaauo, KaK a aaeHCMOCTH oT pacnonomeHlUI 
e paaJIHt.lHLDC o6JiaCTmc PTIBM I<al!CCTBCHHO MCWIIOTCJI CHCTCMhl OTClleTa, o6&eKThI H HX aapHAbI 

(CM. TCI<CT). 0Tr.1eqem,1 JmlIIL npeAem.m,1e CJiyttaH. 
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5. M (- ·) - o6JiaCTL aaanomtIHaH M ( ·-), HO c npaBOCTOpOHHeii KOJIL­
�eBoii: CHHryJUipHOCT&IO. 

6. M (-i) - o6JiaCTL Mem,zzy BHeIIIHHM (r +) H m1yrpeHHHM (r _) ropH30HT8MH
co61:,1nm: 6enoii ,t:thipbI . 

M3 wecru 3THX 3JieMeHTOB M ( )  Ha ,t:tHarpaMMe IleHpoy3a MO.iKHO COCTaBHTI, 
Tpaq>apeTiu,m pHcyHOK. liCXO,t:tHbIH Tpaq>apeT MO>I<HO BbI6paT& npOH3BOJILHO, a 
JII06o:l-t Tpaq>apeTHbIH 6noK 3JieMeHToB PTIBM o6o3Hat.JHT& cJie,t:tyro� o6pa3oM : 

Mk ( +,  i , -, ·-, - · , -i) HJIH coKpalI(eHHO M: >
k - HOMep Tpaq>apeTa.

Tenepr, npOH3BOJILHhIH 3JICMeHT PTIBM o6o3Ha'lJHM cw1BOJIOM : 

Mk (P). 

( 1 0) 

( I I) 

PacCMOTpHM ,t:tBIDKeHHe 11acrH�I B PilBM, 11To noMO>I<eT npoHcHHT& crpyK­
TYPY IlBM OTOHa. Bpa,t:tHOH (B), ,t:tBHraHc& no BpeMeHHono,ZJ,o6HoH reo,t:teau11ecKoii, 
3a KOHetIHoe co6CTBeHHoe BpeMH MO>KeT ,t:tOCTHllL pa3JIH11HbIX o6nacreH PTIBM 
(CM. PHC.  1 ,t:tJUI Mt;i). IlpH 3TOM OTHOCHTeJILHO HCXO,t:tHOH C (00) llaCTHn;a, Ka3a­
JIOCI, 61,1, ,t:tOJI>KHa HCilh1TbIB8TL npeBpalI(eHHH : 

B -+ T -+ AB -+ AT -+ B. ( 12) 

Ho a HCXOJ:tHOH HHepn;HaJILHOH C ( ) qacTHn;a MO>KeT ,t:tBHraT&CH JIHIIIL B o6JiacTH 
r > r + ,  a ,t:tBH>KeHHH B o6JiaCTH 3a r < r + 3anpelI(eHLI, a 3Ha11HT H n;eno11Ka npe­
BpalI(eHH:l-t qaCTH�I (12) He peaJIH3yeMa OTHOCHTeJILHO C (00). 

Mo>KHO noii:TH ,t:tpyrnM nyTeM, nepett,n;H B conyTCTBYIOIIzylO C ( ), KOTOpaH B
o6lI(eM cnyqae ,t:toJI>KHa 61>ITL HeHHep�am,Hoii, H TeM caMI>m ,t:tOCTHtn, pa3.JllfCIHbIX 
Mn, a 3H811HT H C ( ) :  

C ( + )  -+ C(i) -+ C ( -) -+ C ( -i) -+ C ( + ). ( 1 3) 

Bo3MO>KHOCTI, peaJIH3a� n:enOllKH ( 1 3) 03HaqaeT B03l\.10>I<H0CTL Ha6JIIO,t:teHHH qac­
THD;bI B, Haxo,t:tHlI(eiicH B Mt\, H3 pa3JIH11HblX C ( ),  npe,t:tcTaBJieHHblX B ( 1 3) .
yqHTbIB8H (7) H (8), (1 3) 6y,t:teT 03HaqaTL CJie,t:tyIOlI(YIO n:enotJKY npeBpalI(eHHH ,ZJ,mI 
qacTHD;bI B :  

C ( +)  -+ C (i) -+ C ( -) -+ C ( -i) -+ C ( + ). 
(14) 

B -+ B [C (i)] = T -+  B [C ( -)] = AB -+ [C (-i)] = AT -+  B.

To o6cTOHTeJILCTBO, tJTO B ( 14) nepexo,ZJ,H OT M�� I{ Mt_�, MbI OilHTL npHXO,ZJ,Hl\1 K
HCXO,t:tHOii qacrHD;e B, K83aJIOCL 61,1, roaopHT O TO>KAeC1Be:1HOCTH (pH3HlleCKOii 3THX 
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o6JiaCTeu:, KOTOp:&Ie K TOMY :>Ke reOMeTpHtieCKH TO>K)];eCTBeinll>I no 'tleThipeM KOop,u;H­
HaTaM. Ho TaK KaK pacCMaTpHBaeMoe PIIBM eno>KHMo B IIBM 6onee B:&1c0Ko:u: 
pa3MepHOCTH H HMeeT rno6aJILHO MHoroMepHyIO CTJ)YKTYPY 1 5 >, TO 3Ha'tlHT 3TH o6na­
CTH pa3JIH'tlalOTCH no ,u;onOJIHHTeJII,HOJ\lY Ha6opy KOOp,IJ;HHaT H B o6meM cnyqae He 
TO>K,IJ;eCTBeinll>I. B:&1pa>1<eHHe (14) roeopwr O TOM, llTO no,u; BHeWHHM ropH30HTOM
HaxO,IJ;HTCH TaxHOHHhie 06".beKTLI, a no,u; BHY'fPemmM - aHTHOOO,eKThI, 'tlTO BH.u;HO 
TaK:>Ke H H3 ,u;HarpaMMhl IleHpoyaa (CM. PHC. 1) . Bee 3TO Hal\1 noMO>KeT npOHCHHTI, 
CTpyKTYPY t1aCTH:QLI, npe,u;craem1eMy10 KaK CHJILH1>1:u: OTOH. 

3. Peuccnep-nopocmpeM06CKue OtnOllbl u t/,acmUt/bl 

PaccMOTPH.1\1 BHat1ane 6onee npocTo:u: crryt1a:u: MeTpHKH PeiicceHepa-Hop,u;CTpe­
Ma (5), OilHC:&IBaIO�e:u: B CHJil,HOH rpaBHT� 3apH>KeH11y10 qacTHizy 6e3 CilHHa. 
Haa.u;eM CBH3I, .l\le>K)];y ropH30HTaMH co6:&ITHH H napaMeTpaMH, xapaKTepH3YIOmHMH 
qacnuzy. .I(nH 3apH>KeHHOro OTOHa HCnom,3yeTCH BeJIHtIHHa 1 6 ) : 

( 1 5) 

T. e. BeJIHtmHa, aHaJIOrHt!HaH xopomo H3BeCTHOMY »KJiaCCHtiecKOMY pQAHYcy<<
3JieKTpoHa. ,I(nH cnyt1aH (a = 0) H3 (4) H.l\teeM :

LI = r2 - (2GM/c2) r + Q2 G/c4
• (16) 

3aMeTH.l\1, 'llTO 

2GM/c2 = R9• ( 17) 

Yt1H'fb1BaH ( 1 5) H ( 17), ( 16) MO>KHO npe,u;CTaBHT.& B BH,u;e :

( 1 8) 

Bh1pa>Kemrn ,u;nH ropH30HTOB Haxo,u;mcH H3 ycnoBHH LI = 0

(19) 

( 19) HMeeT cne,u;yio�e perneHHH :

(20) 

r + COOTBeTCTBYeT BHernHeMY ropH30HTY co6hITHii, r _ - BHyTpeHHeMy. H3 Teo­
peMLI BHeTa HMeeM COOTHOilieHHH : 

r +  + r _  = R9•

326 

(2 1) 

(22) 
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I1oACTaamnr (21 )  B (22), nonyqaeM 

(23) 

T, e. >)KJiaCCHlleCKlffl p�Hyc<< - Re HBJIHeTCH cpeAHHM rapMOHHqecKHM ropH30H­
T0B C06I:,1Tlffl, 

.[(.ruI 3KCTpeMaJI&HbIX OTOHOB r + = r - ' a 3Ha'llllT H3 (20) HMee.l\l

(24) 

B1,1pa>1<eHHe (24) 03HaqaeT' 'llTO P�HYC 3KCTpeMaJIJ:,HOro 3apsrmeHHoro OTOHa B 
TQqHoCTH paBeH >>KJiaCCHt1ec1<0My<<, a rpaBHTal.\HOHHaH Macca HanOJIOBHHY KOMileH­
CHpyeTCH 3apHAOM. �H onpeAeJieHHoro YA06CTBa 6yAeM paccMaTpHBaT& tiaCTHIU>I 
KaK 3KCTpeMaJibHI:,Ie OTOl{I:,I ; TOrAa AJIH 3apH)KemtOH HeBpa:maroll.{eHCH 'llaCTH[U,I H3 
(1 5), ( 1 7) H (24) HMeeM KOHCTamy CHJll,HOH rpaBHT�H: 

T. e. OHa panHa KB�pazy YAeJI&Horo 3apHAa 'llaCTH[U,I.
�H He3apsrmeHHOH qaCTHQI:,I H3 ( 1 7) HMeeM :

(25) 

(26) 

CTpyKT}'pa PTIBM PeiiccHepa-HopAcrpe.l\1a aHaJIOrHqffa CTpYKType PilBM 
Keppa-HLrol\teHa aa Hc1mrot.:1eHHeM AByx oco6eHHOCTeii : y aapH>Kemtoro, Heapallla­
IOI.QeroCH OTOHa HeT OTpHI.�aTeJI&HI:,IX 0611aCTeH H BMeCTo KOJIL:qeBOH CHHcy'JIHpHOCTH 
- ToqetJHasr2 • t l ), T .  e. CTPYKTypa IlBM HecKOJILKO 6eAHeii. IloaToMy npaao­
MepHo HCilOJI&30BaT& wiarpaMMy IleHpoyaa AJIH PTIBM Keppa-HLroMeHa npH aHa­
JIH3e noae,qeHHH 3apHAa B PTIBM (CM . PHc . 1 ) .

lfa (8) AJIH 3apH,qa HMeeM : 

PacCMOTpHM TpH o6naCTH : 

I .  M ( + ), r > r + > N = 0, Q = Qo,

2. M (i), r _ < r < r +,
3 . M ( -), r < r _,

N = 1, Q = iQo,
N =  2, Q = -Qo,

(27) 

OrpaHH'llHBaHC& TpeMH 3THMH o6naCTHMH, MbI TeM CaMbIM OCTaBJIHeM BHe 
paCCMOTpeHHH rno6aJILffYIO MHoroMepH)'IO CTpYKTypY PTIBM (PHC. 1) H KOH­
:qeHTpHpyeM BHHMaHHe Ha HaH6onee cyrqeCTBeHHoM acneKTe noae,qeHHH 3apHAa 
CHJIJ:,HOro OTOHa. 3apH>KeHffYIO qacrm:zy ynporqeHHO MO)KHO npe,qCTaBHTL KaK 
o6'heKT, HMCIOI:qHH TPH KaqeCTBCHHO pa3JIHqffble o6naCTH (PHc. 2) . KaK BH,qHO 
(PHc. 2a), 3apHA BHe t.:1aCTHQhI (r > r +) npHMO npoTHaonoJiomea 3apH,qy BffYTPH
qaCTHQbI no.rt BHYTpeHHHM ropH30HTOM (r < r _) . Ilpn TaKOH Tp8KT0BKe 38pH,lta
OH Hepa3pblBHO CBH38H C aHTH3apHJ:tOM H HM me npOAYl.lHPYeTCH, T.e .  38PHA 
BHYTPH 'll8CTHQLI, npnMo npoTHBononomea 38PHAY BHe qacTHQhI. 

FIZIKA 20 (1988) 3, 321-336 327 



TROFIMENKO: OTONS (WORMHOLES) IN THE STRONG GRAVITY . . .  

Ha1i6onee HpKO 3TO IlpOHBJIHeTCH .D;JIH 3KCTpeMaJII>HbIX OTOHOB (PHC . 26) . 
HanpHMep, eCJIH Mhl npe.n;craBHM 3JieKTpOH B cpopMe �3apH>KeHHoro 3KCTpeMaJII,HO­
ro OTOHa, TO BHYTPH ero (r < r - = r +) 6y.n;eT 3apH.n; IlpOTHBOilOJIO>KHoro 3HaKa , 
T .  e .  3apH.n; Il03HTpOHa (PHc . 26) .  TaKHM o6pa30M, 6y.n;ytrn Il03HTPOHOM B 6naCTH r < r _ , BOBHe (r > r + = r _) 061::,eKT npoHBmieT ce6H KaK 3JieKTpoH . BHYTpeHHeH 
cy�OCTblO 3JieKTpOHa OK83bIBaeTCH Il03HTpOH, T .  e .  3JieKTpOH co.n;ep)l(HT B ce6e 
caoe HHOe - Il03HTpOH. 3To B o6�eM cnyqae, IlO-BH.n;HMOMY, OTHOCHTCH K tJaCTH­
�aM H aHTHtJaCT�8M ( o6'beKTaM H aHTH06'beKTaM ;) tJaCTH�I co.n;ep>1<aT B CBOH 
aHTH'tlaCT�bl . 

r • r+ 

• ie 
l'+•r_ 

Q D -e 
l' > r+ar_ 

PHC. 2a. CxeAtaTJNeCKOe H3o6pa>KeHHC pa3JIHq}[bJX o6naCTeH 'tlR�I, IlpCACTRBJISICMOti l<RKH 
3apmKCHHhIH OTOH (CM. TCKCT). 

PHc. 26. CxeMaTHtieCI<oe H3o6pameHHe 3neKTPOHa, npeACTaam1e1r1oro KaK 3KCTpeMam,m,di 3apsi­
>KeHHL1ii OTOH (CM. TCl<CT). 

Ilpe,n;CTaBJieHHe O 'tl8CTH:t(IDC KaK OTOHIDC CHHl\l8eT TPY.n;HOCTH, CBH3aHHbie C 
IlOIDITHeM TOtJetJHOro 38pH.n;a, TaK KaK B peJIHTHilHCTCKOH TeopHH 33PHA Bcer.n;a 
Ol{83bIBaeTCH JIOKaJIH30BaHHbll\i .D;JIH BHeIIIHero Ha6mo.n;aTeJIH B KOHetIHOH o6naCTH 
(20) :  

r +  = Ra/2 + V (R!/4 - R0Rc/2) = GM/c 2 + V(G 2M2/c4 - GQ2/c4).

M TOJII,KO npH nepexo.n;e I{ HepeJIHTHBHCTCI<OMy npe.n;eny C -+ 00' r + -+ 0 tlTO 
.n;aT TOt1et1HbIH aapn.n; . 
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EoJIJie Toro, 3apH,n; CBH3b1BaeTCH He co CTaTHtJHOH 'tlaCTHl.{eii, a crap.l\.IOHHlJeCI<HM 
OC:QHJIJIHTOpOl\1, KOTOpbIH npH K8»c,rtOH HOBOH OCl.{HJIJIHl.{HH BoIXO,D;HT B HOBYIO 
o6nacr Mc+ > (cM. Puc. I) H HMeeT MHHHM8JILHO ,n;onyCTHMJ:,Ie pa3Mep1,1 1 6 > : R0 > 
> Rc/2 . 

KaK OTMeTHJI c. CamKo, B paCC.l\.l8TpHBaeMOH MO,D;eJIH 3JieKTpOHa 38pH,rt B6JIH3H 
lJ8CTHl.{bl yMeHLIIlaeTCH H npH r = r + '  Q = 0. TaKHM o6p830M, C BHenmeii IlOBepx­
HOCTH 3KCTpeMam,Horo OTOHa (r = r +) HCXO,D;HT CHJIOBI,Ie JlHHHH 3JieKTPHliecKOro 
38pH,n;a, a Ha BHYTpeHHeH (r = r _)  OKaHlIHBaIOTCH CHJIOBbie JIHHHH aHTH38p.R:,n;a.
3TO BbirJIH,D;HT ecTeCTBeHHO B CBeTe Toro, lITO OTOH npe,n;CTaBJUieT co6oii ».z:t1:,1py<< 
B HCXO�OM IIBM. 

lfa cKa3aHoro HCHo, lITO B OTO aapH,n; aHaJIOrHlIHO cpy11,rtaMeHTa.m,Hoit CKO­
poCTH HHBapHaHTOM JIHIIlo JIOKaJILHO. PacCMOTpeHHe OTOHOB KaK lJ8CTHI.{ 6y,a;er 
HeilOJIHI,IM, ec.JIH ltlbI He 6y,n;eM ylIHThm8TL CilHHa, Il03TOMY nepeii,n;eM I< paCCMO­
TpeHHIO Kepp-HL10l\l8H0BCKHX CHJil,HhIX OTOHOB . 

4. Kepp-Hb10.Ate1l08CKUe omOHbZ u 1lacmUtJbZ co cnUHOM 

3ar.teTHM, lJTO B (2) H ( 4) poJIL a H Q 8H8JIOrHtIHa, a 3H8tlHT MO)l(HO BBeCTH 
BeJIHtIHHY Ru, 8HaJIOrHlJffYI0 >)KJI8CCHlJeCKOMY PS'AHYcy<<, ,D;JIH Ra HMee!tl COOTHO­
meHHe 

OTKY.z:(8 Ra = a2/GM. 
IloACTaBJIHH (28) B (4), HMeeM 

LI = r2 - R0r + (R9/2) (Re + Ra), 

I-fa YCJIOBHH .d = 0 IlOJiylIHM Bblpa>Kemm, 8HaJIOrHlJHI,Ie (20)-(24)

r + = (Ro/2) ± {(R0/2) [(Ru/2) - Re - R0]} 1 12• 

r +r- = (R0/2) (Rc + Ra),

,I(JUI 3KCTpeMaJioHblX OTOHOB 

(28) 

(29) 

(30) 

(3 1) 

(32) 

(33) 

(34) 

Haii,n;eM KOHCT8HTY CHJILHOH rp8BHT� ,D;JIH KeppOBCKHX H Kepp-HLIOMe­
HOCICHX OTOHOB. Buaqane B03oMe.l\.I c.rryqatt 3KCTpeMaJILHOro KeppOBCKOro OTOH8 
,D;JIH KOTOporo H3 (35) HMeeM 

(35) 
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IIo,a;cramum (29) H ( 17) B (35), IlOJIYllHM

GK = ± ac/M. (36) 

B ,a;am.HeiimeM 6y,a;eM pacCMaTpHBaTI, JlHilII, MO]zy.JIJ> KOHCTaHTI,I CHJII,HOH rpaBH­
T�. )LmI JienTOHOB L = (1 /2) n 

(37) 

YtmTLmaa: aHat1eime nocrommoit Tomcoii CTpyKryp1,1 

(38) 

H BeJllltlHHY KOMIITOHOBCKOH .z:pnDll>I BO.TmI,I 

..:t = n/Mc, (39) 

a TaruKe COOTHOllleHIDI (25), (26) H (37) IlOJIYtlHM CBH3:& pa3Jlllt1HI,IX KOHCTaHT 
CHJILHOH rpaBHTa:QHH ,a;JIH napaM.eTpOB 3JieKTpOHa 

(40) 

Tenep.& mui,a;eM rpaBHTai:�ollllyro KOHCTaHTY ,a;.mr o6�ero CJIYtlaH Kepp-H:&ro1ue­
HOBCKoro oToua. Boa:&Mel\'l OnHTlt SKCTpeMam,lil>m CJiyt1aii H nOACTaBHM B (34) 
3Hat1eHHH R9, Re, R0 • B peaym,TaTe nonytJHM coomomem1e 

(41) 

Peunm ( 41) OTHOCHTeJThHO G, HaH,D;eM 

GK- N = 1/2 (Q/M)2 
+ [1/4 (Q/M)4 

+ c2a2/M2] 1 '2• (42) 

IIepexo,a;H K JieilTOH3M H Y'IllTLmaH (25) H (38), IlOJIYtmM 

(43) 

EepH 3Hat1eHHe TOJl:&KO AtO]zyJIH BeJIHtlHHI,I IlO,a;I<Opemmro BLipa»<eHHH H yqHTLI­
BaH <X.- 2 > 1 ,  H3 (43) IlO�M 

GK - N � ( 1/2<X.) GR- N• 
lfa (40) HMeeM 

(44) 

(45) 

IIo,a;CTaBJIIDI aHat1emm l, <X., R
9 

H yt1HThmaH ( 1 5), nonyt-IHM

GR- N = [R0/(R,,/2)] Gs. {46) 
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TaK KaK AibI paCCMaTJ)HBaeM 3KCTpeMam.m,1e orom,x, TO 3HatmT Ra = Rg/2, H 
CJie,l{OBaTe.JlI>HO, 

CpaBHHBaH ( 45) H ( 46), nonyqJ,IM coomomeHHe 

(47) 

Tenep1, H3 (40), (44) H (47) HMeeAt 

GK - N = Gk = (1/2a.) GR- N  = G (1/2a.) GIi. (48) 

KaK BH,Z:tHO H3 ( 48) KOHCT8lttbI CHJII,HOii rpaBHTaIUfH �JUI napaMeTpOB 3JleKTpOHa 
npaKTHtleCKH He 3aBHCHT OT 3apH,D;a, a onpe;qeruuoTCH B OCHOBHOM MaCOH H Bpa�e­
HHeM. 0THOWeHHe KOHCTaHT CHJII,HOH rpaBHT� AJIH Bpa�aIOIJ.tHXCH H HeBpa�a­
lO�HXCH OTOHOB CBH3aHO onpe,n;e.rremn,IM o6paaoM C OTHOIIIeHHeM 3JleMeHTapHoro 
3apH,l{a K MarHHmoMy 3apHAY MOHOilOJIH ,I:(HpaKa, AJIH IlOCJie;quero HMeeT MeCTO 
COOTHOWeHHe l 7 ) :

eµ = nhc/2.

lfa 3TOro COOTHomeHHH C yqeTOM (38) .rtIDI . n = 1 Hl\teel\i 

µ/e = 1/2a..

Pa3�emm ( 48) ua GR - N H ytmT1>mas: ( 49), nonylfflM 

GK - N GK 1 µ 
-- � -- = - = -

GR- N GR- N  2cx e • 

(49) 

(50) 

TaKHM o6paaoM, OTHOWeHHe KOHCT8HT Bpa�aIOIJ.tHXCH H HeBpa�aIOIJ.tHXCH CHJII,­
HI,IX OTOHOB paBHO OTHOIDeHHIO MarHHTHoro 3apH,D;a MOHOilOJIH ,I:(HpaKa IC 3Jie­
MeHT8pHOMY 3ap.ff,!zy. 

OnpeAeJIHM, KaKOH AOJI>l<Ha 6:&ITL KOHCTaHTa B38HMO.z:{eikTBHH a.a, tIT061>I BhI­
IIOJIWIJIOCL YCJIOBHe 3KCTpeAt8Jll.HOCTH AJIH KeppoBCKOro OTOHa (35) . PacCMaTpHBaH 
nemoH:&I H YtIHTbIBaH (29)., H3 (47) no auanonm HMeeM 

(5 1) 
,Il;JIH qacTHq C 

,ltJIH 

T. e. ,ltJIH o6bNHOH rpaBHTa� Ota � 1 TOJII,KO B o6naCTH IIJiaHKOBCKHX Mace.
llOACTaBHB KOHCTaHTy CHJI&HOH rpaBHTSqHH (36) B ( 5 1) ,  IlOnyqHM Ota = 1 .  B 

FIZIKA 20 (1988) 3, 321-336 331 



TROFIMENKO :  OTONS (WORMHOLES) IN THE STRONG GRAVITY . . .

CB113H C OOHap}'>KeHHeM y HempHHO l\UlCCbI IlOKOH :Qe.rrecoo6pa3HO npe,n;craBHTI:, 
HX B cpopMe CHJILHbIX OTOHOB. H3 OilbITa H3BeCTHI:,I MaCCbI IlOKOH 3JieKTpOHa H 
3JieKTpOHHOro ueiiTpHHO 1 7 ) :

Hx OTHOmeHHe paBHO : 

m11 = 51 1003,4

14 38 < m.,6 < 46 38. 

(52) 

Cooraoweime (52), IlO-BHAHMOMY, He CJiyqaiiHoe COBilaAeHHe H OHO ,l(OJDKHO 
IlOJIYllHT.& cuoe crporoe TeopeTHqecKoe 061:,11CHeHHe, IloJiora11, llTO ( 52) HBJUieTCH 
CTpOI'HM paBeHCTB0.1\1, MO>KHO npe,n;CKa3aT.& TOqffOe 3HaqeHHe MaCCbI IlOKOH 3JieK­
TpOHHOro HeHTpHHO : m,," = 27 ,2 3B . 

PacnpocrpaHHH cooraomeime (52) Ha ,n;pyrne THilbI JiemoHoB, no�aeM ,n;JIH
Macce IlOKOH MIOOHHOro Heirrpmm 3HaqeHHe - mr,u = 5,63 KaB a ,l(JIH T-HeihpHHO :
mvr = 0,1 MaB, l!TO He nponmopetmT H3BeCTHbIM BepxmIM npe,n;eJiaM ,l(JIH 3THX 
Macc 1 1 > . 

HMeroTCH onpe,n;eJiemn,xe coo6pamemrn n noJIL3Y Toro, qTQ HcirrpHHo HBJIHeT­
CH Kepp-Hl>IOMeHOBCKHM CHJThHI:,IM OTOHOM, T .e. o6JiaAaeT 3apH,l(OM. BonepBbIX, 
CH1j'artID{ cxo�a C TOH, Kor,n;a CtIHTaJIOCL, q'f0 Macca IlOKOH 3JleKTpOHa MllHHMaJILHa 
,l(JIH qaCTH�, a y HewrpHHO OHa pauaa HYJIIO . Tenep.r, )Ke 3KCilepHMeHTbI CBH,l(eTeJIL­
CTBYIOT O HaJIHtmH MaCCbI IlOKOH y 3JieKTpOHHoro Heihpmm, XOTH H oqem, .l\iaJIOH 
no cpaBHeHHIO C MaCCOH 3JleKT})OHa (52) . AHaJIOI'HqffO MO»<HO O)l(H,l(aT.&, l!TO H
sap.HJ]; 3JieKTpOHa He MHHHMaJll,Hl>IH H l!TO TaJOI<e, KaK HeHTpHHO o6JiaAaeT l\Iaccoii 
IlOKOH, OHO o6JiaAaeT H 3apH,l(OM, XOTH H BeCLMa l\iaJibIM no cpaBHeHHIO C 3JieK­
TpOHOM. Bo-BTOpbIX, OTJIHtme HeHTpHHO H aHTHHeHTpHHO, roBOpHT O HaJIHtmH y 
HHX JienTOHHoro aapH,tta, KOTOpl>IH co6Jia3HHTeJILHO CBH3aTL C HeKOTOpbIM, XOTH 
H BeCLMa MaJibIM, 3JleKTpHqeCKHM 3apHJJ:OM, ycrpaHHH Te.1\1 caMl>IM JIHIIIHIOIO cyrq­
HOCTL (6pHTBa 0KKaMa). OnpeAeJIHM BeJIHt.JHHy aap.HJ];a HeihpHHO H3 (25) H yqTeM 
T3K)l(e COOTHomeim:e ( 52) . B pe3y JILTaTe IlOJIYtnlM 

(53) 

H3 (53) CJie,tzyeT paBeHCTBO y,n;eJILHbIX 3ap11,n;0B e H v, 'llTO, Ka3aJIOCL 61:,1
roBopHT O TOM, llTO 3apHA HewrpHHO JlerKO o6Hapy>KHTL. Ho He06XO,l(HMO ytmTI,I­
BaTL .n;na o6CTOHTeJILCTBa. Bo-nepBbIX, Q .. " � e, 'llTO 03Ha'llaeT COOTBeTCTBeHHo 
MeHLmyro HOHH3a�IO BerqeCTBa TpeKOBoro JJ:eTeKTOpa.  Bo-BTOpbIX, OTMeTHM, tITO
(53) rOBOpHT O COBna,n;eHHH YJJ:eJII:,HbIX 3apH,n;OB B HepeJIHTHBHCTCKOM npe.n;ene . B 
PeJIHTHBHCTCKOM CJiyqae YJJ:eJILHbie 3apH,l(bI MOryT 61>ITL pa3JIHt1HbIMH, TaK KaK 
3ap.H)]; mmapHaHTeH, a 1\1.acca HeT. BbIIlHWeM peJIHTHBHCTCKOe COOTHOllieHHe ,l(JIH 
YJJ:eJILHoro 3apH,n;a 

(54) 

:.:ho Bblpa>KeHHe ,n;mI e H ,, pa3JIHqff0 MHO>KHTeJieM k = ( I - 'I) 2 / C 2) 1 1 2
• 3TOT 

MHO)l(HTeJII, MO>KHO CBH3aTI, C BeJIH'llHHaMH, onpe,l(eJIHeMbIMH H3 OilbITa 
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OTKy.r(a 

(55) 

IlpH onpe.r(eJieHHH y.r(e.m,Horo 3apH.r(a 3JieKTpoHa ke HMeeT BeJIHlmHY nop.sI,ttKa 
e�1. ,Ivm ueihpHHo uaa6onee xapaKTepm,1e 3Hat1emur 1 7 > : 10- 5 < kp < 
< 10- 1 8, T. e • .r(IDI HaH6onee xapaKTepHI>IX Heihpmm y.r(e.m,m,m: 3apH.r( Ha.MHoro 
l\teHLllle, lleM y 3JleKTpOHa. TaKHM o6pa30M, HeHTpHHO C TaKHMH 3HeprWIMH .r(OJl­
>KHbI npOXO.r(HTb qepe3 TpeKOBbIH .r(eTeKTOp KaK npaKn[tleCKll Heihpam,m,1e qac­
TH�I. TaKHM o6pa30M, tIT061>1 H3MepHTL y.r(em,m,m: aap.JJ,r( ueiiTpHHo, Hy>KHo 
CJie.zzyro�ee. Bo-nepBbIX, Heo6XO.r(HMO cy�eCTBeHHO IlOBbICHTI> qyBCTBHTe.JlbHOCT.& 
.r(eTeKTOpOB K 3apH,Izy. Bo-BTOpbIX, HY>KeH HCTOllHHK HH3K03HepreTHt1HbIX HeihpH­
HO . 

TOT <paKT, tlTO y CtIHTaBmeiiar paHee 6e31\l8CCOBOH qa�I - HeihpHHO -
o6HapymeHa Macca noKOH, BecLl\la CHMnTOMaTHlleH H no.r(BO.r(HT K 6onee o6�eii 
Ml,ICJIH O TOM, tITO y CtIHTaIO�CH ceii:qac >>HeihpaJILHI,IX(( tiaCTHq MO>KeT OKa-
38Tl>CH 3apH.r( (Q <( e), a y qacrHq 6e3 CIIHHa l\lO>KeT o6uapY>KHT1>CH HeKOTOphIH 
l\tam,1ii:· l\tOMeHT Bpa�eHHH (L <( Ii). 

Co6Jia3HlfieJII,HO 3THM MaJibXM, HO cpH3HtiecKH HCHI,IM BeJIHtIHHaM (Q <( e,L <( Ii) H HX KOM6HHaqHHM conocraBHT.& KBaHTOB1,1e llHCJia qacrHq (L, B, S, C, b),
He no.rrytIHBlIIHe CTOJI.& onpe.r(eJieHHoro q>H3HllecKoro CMhICJia. B 3TOM omomemm 
npoBe.r(eHHoe BhllIIe COilOCTaBJieHHe JienTOHHOMy 3apH,Izy (L) HeKOTOporo MaJIOro 
3JieKTpHtieCKoro 3aps.r(a, (L = Q = ot 2 e) HBIDieTCH HaH6onee ot1eBH.r(Hl>IM. ,I:q>y­
rHe cnyqaH Tpe6yroT .r(onoJIHHTeJI.&uoro aHaJIHsa. 

BbillleCK33aHHOe IlO.r(BO.r(HT K MI,ICJIH O TOl\l, tITO HecoxpaHeHHe KBaHTOBl,IX 
tIHCeJI a.r(pOHOB ( s' C' b) npH cna61>IX B38HMO.r(eikTBHHX MO>KHO 06'.bHCHHT.& HCny­
CKaHHeM YJILTpa.MaJII,IX, HH3K03Heprenr<1HbIX tiaCTHq., KOTOp1>1e HMelOT COOTBeT­
CTBYIOiqHe KB8HTOBI,Ie tIHCJia. TaKHM o6pa30M., B03MO>KHO cy�eCTBOBaHHe �eJioro 
Knacca ym,Tpal\taJibIX qa�, K0Top1>1e B o6�eM cnyqae MOryT 06na.r<aTF1 napa­
MeTpaMH : L = Jw <( Ii., Q <( e., m ( < 1) <( m ( >  1) .  B qaCTHOCTH., ):tJIJI :emc MOryT
6blTJ, cnpaBe.r(JIHBbl COOTHOmeHHH (52), (53) :  

m ( < 1 )  = ot2m ( >  1) ; Q = ot2e;  L = Jw = ot2/i. (56) 

AHaJIOnrcmyIO poJI.& B OTHOllleHHH KBSHTOBblX tIHCeJI - s., C' b - MOryT CLirpaT.& 
TaxHOHbI (aHTHTaxHOHI>I)., KOTOp1,1e TaK>Ke KaK tiaCTH�I C napaMeTpaMH (56) TPYJJ;­
HO.r(OCTYIIHLI .r(JIH Ha6JIIO.r(eHHH. 

Cwn,m,m B03pa>KemteM IlpOTHB HaJIHtIHH 3apH,qa y ueihpHHO HBJIHeTCH pac­
na.r( HewrpoHa 

(57) 

YtIHTI::,IBaH 3KCnepHMeHT8JI.&Hbie .r(aHHble OTHOCHTeJILHO 3apH.r(a HeihpoHa l 7 ) :  Q n < 
< 10 · 2 0 e � ot 2 e H (57)., .MO>KHO, Ka3aJIOCL 61,1, C�eJI8TJ, O.r(H03H8t1HbIH BI::,IBO):t 0 
TOM., llTO � � ot 2 e. Ho cne.zzyeT yqecr1, HaJIHtIHe MarHHTHbIX MOMeHTOB y Heii­
Tpoua µ n = -1 ,7 µR H npOTOHa µ p = 2,7 µs o T .  e. TO, HeihpOH o6Jia.r(aeT BH}'TPeH­
HHM 3apH.r(OM l:I TOK8.MH H '1TO npH ( 57) cpopMcpaicrop HYKJIOHa npeTepneaae-r pa.u;u­
l<aJll,HI::,te H3MeHeHHH. Il03TOl\lY HeJIL3H HCKJIIO'IHTL TOro, tITO npH (57) HCnyCKaIOTCH 
y JIL1 paMaJibie llaCTHqI::,I C l\taJiblMH 3JieKTPHlleCKHMH 38pH,It8.MH pa3HI::,IX 3HaKOB 
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( o�a H3 HHX 3TO - v e), I<OTOp&Ie B coBOI<ynHOCTH OCTaBJUIIOT aapH,n; HeH3MeHHbil\1. 
lfa CI<a38HHOro HCHO, lffO TOJll>KO npHitU,Ie H3MepeHIDI MOryT BHeCTH H:HOCTI, B 
BOIIpoc O 3apH,n;e HeihpHHO Qv. Ho He3aBHCHMO OT 3TOrO I<OHKpeTHOro CJI)"·IaH 
npo6neMa qac� c YJil,TPaMaJibIMH napaM�aMH aacny>I<HBaeT cBoero BHHMfillllH. 

B IIOJI1,3Y cy:m;eCTBOBaHIDI no,no6HbIX qaCTH:Q MO>KHO npHBecm HeI<OTOpbie 
06:m;eTeopemqecI<He coo6pa>1<eHHH. AHanorHt:{HO TOMY, 1<a1< B Teopim: OTHOCHTeJil,­
HOCTH - PTO - CI<opocr1, CBeTa (C) He HBJIHeTCH MaKCHMan1,Hoii, a rrpe,n;craBJIHeT 
co6of.i CBoeo6pa3H:&m >>6ap1,ep<1, pa3,n;enH10xcyrn o6'beKTbI Ha cy6- H cynepnroMH­
HafilHI,Ie, TaK Ii., cornacHo C. H. Cam1<0, HBJIHeTCH He .l\lliHHMaJII:,HOH Be.JIIBIHHOH, 
a CBoeo6pa3H1,IM 6ap1,epoM, pa3,n;eJIHIOI.qHM OO'beI<ThI Ha TPH rpynnhl . 1 )  Cy6-
KB8HT0Bbie (aHanor 6paAHOH0B) L � nli 2) I<BaHTOBbie (aHanor JIIOKCOHOB) L � nli.
3) CyrrepI<BairroB1>1e (aHanor TaxHOHoB) L � nli. AHanornt:{HO PTO MO>KHO 6y,n;eT 
IIbITaT.&CH IIOCTPOHT.& pacWHpeHHylO I<BaHTOByro TeOpHIO. IIpHqeM npe,n�HI,IM 
cnyqaeM cynepKBaHToBof.i 61>ma 61,1 TeopHH c 6ec1<0Het:{HOH I<OHCTaHTOH H oHa 61>1 
oIIHc&mana YJil,TPaMaJihie qa�x. 

BepHeMCH I< qacr�aM I<aK OTOHaM. ,IL.nH 06':&HCHeHHH npHpO,ll;bI HeCTaOHJil,Hl,IX 
qa� (pe3oHaHCOB) �enecoo6pa3HO npHBneq,& H,nero 6en1,xx ,n;:&xp . BpeMH cy:m;ec­
TBOBaHHH 3apIDKeHHbIX OeJ.IbIX ,ll;blp onpe,n;enHeTCH cne.nyIOI.W™ o6pa30M 1 6 )  : 

(58) 
r,n;e 

ex c2 = 2GM/R3, 

R b  - pa,nHyc rrpH MaKCHMafilHOM pacIIIHpeHJW: 061,eJ<Ta.

YllHThIB8H (21) H ycnomie 3KCTPeM8Jil,HOCTH (24), (58) npe,n;CT8BHM B BH,n;e :

(59) 

MmulMafilHOe Bpe.l\UI cy:m;eCTBOBaHHH 3I<CT})eMaJil>HOH CHJILHOH 6enof.i ,ll;blpbl OIIpe­
'AeJlHTCH H3 ycnOBHH R b � Re H OHO 6y,n;eT nop,HJ:tI<a t0 � Rc/c � 10- 2 3  ceK . ,
tITO COBII8,ll;8eT IIO rropH,n;KY C BpeMeHeM cy:m;eCTB0B8HHH pe30H8HC0B . 

.Uanee HCIIOJil,3yeM H,n;eIO OTOHHOH MaTPeIIIKH IIO omomeHHIO K CHJll,Hl,Il\1 
6e.TILIM ,n;1,1paM. IIono>KHM, trro CHJI1,HaH 6enaH 'Abipa .l\lO>KeT co,n;ep>KaT.& paaJIHqH&1e 
OTOH&! : He TOJil,KO 6em,1e, HO H cep1:,1e, H qepHbie CHJil,Hhle ,ll;blpbI . CTaBH B COOT­
BeTCTBHe cra6HJII,HhIM qacm�aM - CHJI.&Hhie qepHhie ,n;1:,1p1,1, a HecTa6HJII,HhIM 
- CHJII,H&Ie 6en1,1e .z:tb!pbI H yqHTbIB8H CK838HHOe Bblllie' MO>KHO IIOHHTl, KaK H3
HeCTaOHJII,Hl,IX qacr� .l\10ryT C8MOIIp0H3BOJibHO rropo>K,n;aT.&CH H CT86HJI1,Hhie, H
Hecra6HJI1,Hb1e.

C,n;enaeM e:m;e o,n;Ho 3aMeqaHHe . He HCICJIIOqeHo, qTo ,n;n.a: qaCTH� nHThIH rrapa­
MeTp B (6) - A H.l\teeT B8>KHOe 3Haqemie. ,II,eno B TOM, t:{TO aHanOratmO TOMY, 
Kai< IIpH paCCMOTpemm qaCTHQ C 60Jil,lliH.l\m CI<OpoCTHMH TPe6YeTCH IIpHBJieqeHHe 
crreqHafilHOH TeOpHH OTHOCHTefilHOCTH, Tai< npH paCCMOTPeHHH qa� C ,n;ocra­
TOtmO 60Jil,IIIBMH yCI<opeHHHMH (3TO MO>KeT HMeT.& MeCTO IIpH po>K,n;eHHH HJIH 
rrorno�emm t1acmaj Tpe6yeTcH rrpHBneqeime OTO. Hccne,n;osaHHe 3THX H ,n;pymx 
acnet<TOB rrpHJiomemm OTO JC npo6neMe qa� aBTop rronaraer rrpoBeCTH B
�aJII,HeHIIIHX pa6oTaX. 
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5. Bbzsoobi

HcnoJib3yH, nocrpoeHHYIO pauee c yqe-rol\1 peaym,TaToB PTO cHcreMann<y 
06"1,eKTOB ( OTOHOB) H cHcreM OTCt.IeTa B PIIBM OTO, HcCJieAOBalibI t.Iacnm1>1 KaK 
CWILHbie 3KCTpeMaJILHI:,Ie OTOHbI. Ilo.nyqeHI:,I CJieAYIO�e OCHOBHble BbIBO,tµ,I : 

1 .  Pa3Mepbl 3KCTpel\1alli>HOro peiicCHep-HOPACTpel\10BCKOro CHJILHoro OTOHa B 
TO'lHOCTH paBHbl >>KJiaCCH'leCKOl\lY<< paAHYcy 3JieKTpOHa. 3apIDKeHHaH qacTH:qa KaK 
CHJILHbIH OTOH ru1eeT 6orazyro CTPYKTYPY npocrpaucrBa-npeMeim, t.ITo o6yCJiaBJIH­
BaeT B PIIBM noA BffYTpeHHHM ropH30HTOM Hamrtme 3apHAa npHMo npoTHBO­
noJIO>KHOMY TOMY' KOTOpbIH IIpOHBJIHeTCH B o6JiaCTH H8A BHemHHM ropH30HTOM 
co6.&1nrli. 

2. licxOAfl H3 napa.MeTpOB qaCTH!l no.nyqemn,1 KOHCTaHTbl CHlli>HOH rpaBH­
Ta:QIDI AJIH pa3HblX THnOB CHJII,HblX OTOHOB, OTHOWeHIDI KOTOpbIX ,l(JIH Bpax:qa­
lOI:qHXCH H HeBpa�alOIQHXCH OTOHOB paBHbl nocrommoii TOHKOH CTp}'KTYPbI. 

3 . liMelOTCH OCHOBaHIDI ,l(JIH npe,l(C'faBJielllUI HempHHO lCepp-HLIOl\leHOBCKHM
CHJil>Hl:,IM OTOHOM H OTHeceime ero l{ oco6oMy xmaccy YJil>'IpBMaJibIX ( cynepKB8HTO­
Bbtx) 'laCTHI(. 

4. B CHJil>HOH rpaBHT� cra6ru1I,Hb1e qacrH:qLI npe.r(CTaBHMLI KaK qepHb1e
�1:,1p1:,1, uecra6Hlli>HLie t.IaCTH!l&I KaK 6enL1e H cepbte ,n;1:,rp1,1. 

B 38KJIIOt.IeHHe aBTOp BbrpIDKaeT 6.rraro.r(apuocr1> npocp. IIenpoyay P. (Pen­
rose R.) H npocp. Hapmn<apy .I(>K. (Narlikar J.) 3a noHCHeHHH no Bonpocy:6eJibIX 
�btp, npocp. IIaBWHqy M. (Pavsic M.) H npoc}>. Pei<aMH 3. (Recami E .) aa BbICbIJIKY 
OTTHCKOB CBOHX paOOT H 38 O,l(06peHHe ,IJ;aHHOH HanpaBJieHHOCTH HCCJie,n;OBaHHH; 
npoc}>. r. M. H,a;JIHcy 38 no�ep)l(l{y pa6oT 8BTopa; C. H. CaHLKo H B .  C. Iypmty 
38 KOHCTp}'KntBHOe OOey)K,l(eHHe ,n;aHHoH pa6oThI. 
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Originalni znanstveni rad Proucavane su cestice kao jaki ekstremi otona na osnovi sistematizacije relativistic­kih objekata sa horizontom dogadaja ( otoni) te koordinatni sustavi kao prosirene vremensko-prostorne mnogostrukosti opce teorije relativnosti. Analizirano je po­nasanje naboja u prostoru-vremenu jake »krticine rupe<<. Nadene su konstante jake gravitacije za razHcite klase jakih otona. Stabilne cestice reprezentirane su kao crne rupe a nestabilne kao bijele i sive rupe. U okviru tog pristupa neutrini su Kerr-Newmanovi jaki otoni. 
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