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On the basis of extended manifolds of general relativity astrophysical applica­
tions of white and grey holes are considered. Four types of anticollapsars are dis­
tinguished: canonical white and grey holes, light- and dark-grey holes. Bursts 
of these types of anticollapsars are similar, but relicts are essentially different. 
White and grey holes can be revealed in the form of bursts of gravitational and 
electromagnetic radiation. Quasars and cosmic voids can be associated with relicts 
of white and light-grey holes, and black holes do with relicts of grey and dark­
grey holes. Possible manifestations of small mass black holes in cosmic bodies 
(millisecond pulsars, planets, etc.) are considered. The neutrino flow from micro­
black hole is estimated. 

<I>H3HqECKHE MOJJ:EJIH EEJil>IX H CEPl>IX JJ:bIP H HX 

ACTPO<I>H3HqECKliE IIPHJIO)KEHHH 

Ha OCHOBe pacµmpe.HJU,IX MHoroo6pa3HH TeopHH OTHOCHTeJU,HOCTH pacCMaTpHBa­
IOTCH acrpocpH3J{tleCJCHe npIDIO>KeHHH 6errhIX H cepbIX JJ;blp. BbIJJ;eJIIDOTCH lleTbipe 
THIIa aHTHl<OJIJiancapoB: I<aHOHHlleCKI-le 6errb1e H cepbie )];blpbI, CBeTJIO- H TeMHO­
cepbie Jl;hlpbl, BCilbIIIlKH l<OTOpbIX CXO>KĐ'., HO peJIHI<Tbl cyiqeCTBeHHO pa3JIJ{tl8IOT­
CH. BcilbIIIIl<H 6eJibIX H CepbIX JJ;blp MOryT npOHBJIHTI,CH B cpopMe BCilJleCI<OB 
rpaBHTaqHOHHoro H 3JleI<TpOMaI'HHTHOro H3JIYlleHIDI. C peJIHKTaMH 6errbIX H CBeT-
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nocepbIX ,tµ,Ip MOryT 6bITL CBH38HbI: I<Ba3apbl, l<OCMJll!eCKHe nycroTbI, a cepbIX 
H TeMHocepLIX J];blp - qepm,1e ,r(l:,IpLI. 06cy>K.a;aIOTCH B03MO>KHbie npOHBJieHIIH 
M8JlbIX qepm,xx J];Llp B l<OCMHl!eCl<HX TeJiax (MHJIJIHCel<yH.a;m,Ie nyJILcapbI, nrra­
HeTbl H AP .) • OqeHHBaeTCH DOTOK HeirrpHHo OT MHI<po-qepHOH ,l{blpLI. 

1 . BBeiJeH'Ue 

IIpaaoMepaocrL npHJio>Kemm o6�eii: TeopHH O'fHOCHTeJILHOCTH (OTO) K 
acrpocpH3.Hl<e Cl!HTaeTCH o6�enpH3HaHHOH I). Hau60JILWyic> H3BeCTHOCTL B acrpo­
q>H31U(C nonyqwm qepHo1e .a;oip1>1 2 • 3>. He MeHLWHH HHTepec AJIH acrpocpH3HICH 
BblCOl<HX 3Heprmi npe.l{CTaBJIHIOT 6eJ1bie �bipLI (pe.IIHTHBHCTCl<He, aHTHl<OJIJian­
CHpy10IIU{e o6'beKTbI)4>' HO 3BpHCTHl!eCl<He B03MO>KHOCTH IlOCJie,a;HHX He HCDOJIL-
3YIOTCH B J];OJDKHOH Mepe. IlpaKTHl!eCKH He paccMaTpHBaJIHCL B 1<at1ecrae npHJIO­
>KeHHH 1< acrpo<pH3Hl<e cep1,1e AblpbI - ocquJIJIHpyroiqHe 06'be1<TLI, cot1e-raroiqHe 
CBOHCTBa 6eJibIX H qepHbIX ,l{bip5 >. 

IlepBbl.H BapHaHT npOHCXO>«.a;eHHH 6eJILIX ,l{blp (>>38.l{ep>KaBWHeCH H,a;pa <<) 
BCTpeTHJI PH.lt TJ>Y.a;HOCTeH 6>. BTOpoH aapHaHT npoucxo>«.a;eHHH 6eJILIX .a;1,1p 7> 
OCHOBbIBaeTCH Ha paCCMOTpeHHH 3.HTHKOJIJianCHpyIOi:.qmc o6'be1CT0B B pacIIIHpeH­
HbIX npocrpaacrBeHHo-BpeMeHHbIX MHoroo6pa3HHX (PilBM) OT0 8>. Bo BTO­
poM BapHaHTe npOHCXO>KJ];emlH 6eJ1bIX J];blp He TOJILl<O CHHMaeTCH qaCTL TJ>YAHOC­
Te.H 7' 9>, IlpHcyrr(HX MOJ];eJIH >>aa.a;ep>KaBIIIHXCH H,Z:tep<<, HO H pacnmpHeTCH 1<pyr
B03MO>KHbIX acrpocpH3HlleCl<HX npHJIO>Kemill .l\IO,l{e.rreii OTOHOB 7 >. 

B pa6oTe Bb�e.IIHIOTCH H HCCJie,l{yIOTCH lleTbipe THna aHTHKOJIJiancapOB B 
PIIBM: 1<aaoHHt1eC1<He 6eJib1e H cep1,1e .l{b1p1,1, CBeTJiocep1,1e H TeMHocep1,1e .l{b1p1,1, 
C l<OTOpbIMH CBH3bIB8IOTCH pa3J1Hl1Hbie acrpocpH3HlleCl<He <peHOMeHhl, PaccMaTpH­
BaIOTCH Henocpe.l{CTBeHHbJe npOHBJieHHH 6e.rrbIX H cepLIX J];blp B <}>opMe 1<paT1<0-
BpeMeHHl>IX (t r-J r

g
fc) BCilbIIIIeK H3JIYlleHHH (rpaBHTa�oHHoro, 3Jie1<TpOMarHHT-

Horo). C PeJIHl<TaMH 6e.rrbIX ,l{blp CBH3bIBaI0TCH l<OCMHllecKHe nyCTOTbI, co CBeTJIO-
cepLIMH ,l{blpaMH - l<Ba3apbl. PeJJ.HKTaMH CepbIX H TeMHocepbIX ,1.{blp HBJIHIOTCH 
qepHbie ,1.{bipLI H IlOJIY3aMICH}'Tbie MHPLI COOTBeTCTBeHHo, l<OTOp1>1e e�e 6onee 
paCIIIHpHIOT acrpocpH3HlleCKHe npHJIO>KeHHH qepHLIX J];blp (nepBHtlHLie HeO,l{HO­
pOAl{OCTH, MHJIJIH:CeKyH,1:tHLie nyJILcap1,1, reocpH3HlleCKHe auoMa.JIHH, nJiaHeTHbIH 
BYJJl<aHH3M). 

2. AHmuK011Jlancupy10it1ue o6oeKmbl 6 pacwupeHHOM npocmpancmBe­
BpeMeHU: Bmopou nymb o6pa3oBaHUR 6e11bzx iJ&zp 

TeopeTHl!CCKOH OCHOBOH nocrpoeHHH MO):'(eJICH aHTHl<OJIJianCHpyio� OTO­
HOB - 6eJ1bIX ALip HBIDieTCH MCTpHl<R Keppa-fuIOMeHa. B CWIIOcuyTblX KB83H­
ccpepOH,D;aJII,HLIX KOOp�aTax Bo.Hepa-.Jhm.z:twmcra OHa 3anHCbIB8eTCH B CJieTI:Y­
IO�eH c:popMe2 •8' (3AeCL HCilOJIL3yic>TCH reoMeTpH30B8HHbie eAJUJHilf,I, B l<OTOpLIX 
c = G = 1): 

(1) 
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L'.1 = r2 - 2Mr + Q 2 + a2; 

e2 
= r2 + a2 cos 2 {}, 

(la) 

(lb) 

rAe M - DOJlllruI Macca OTOHa, Q - 3apM, a - yrJIOBOH MO.M.eHT Bpaw;eHHK 
Ha eAHHHizy Maccb1, LI - ropH30HTaJ11>HaK cpyHK[(HH. 

B 06w;eA1 c.rrytiae ,u;JIH n1erpm<H Keppa-HLIOl\teHa Hl\teeTcH HeCKon1>1<0 Hecosna­
,u;amw;mc nces,u;ocHHryJU1pH1,1x nosepXHocrefl. IIosepXHOCTH ropH3oHTa co6hITHii 
AJIH MeTpHI<H (1) onpe,u;eJIHIOTCH Bblpa>1<em1e:u 

(2) 

r,u;e R+ 
- BHewmni ropH3oHT co6hITHH, R_ - BHyrpeHHHH ropH30HT co6hITHH. 

IloBepXHOCTH 6ec1<0HetJHoro CMew;eHIDI onpe,u;eJIHIOTCH cneAYIOI.qlil\t 06pa-
3on1: 

T± = GM/c2 ± [(GM2/c2) 2 - (GQ2/c4 + (a2/c2) cos 2 D]1'2• (3) 

IloBepXHOCTL, onpe,u;eJUieMWI r +> aaa1,maercH n0BepxH0CT1>IO 6eCKoHetIHoro 
I<paCHoro CMem;eHWI, a r _ - noBepXHoCTLIO 6eCI<oHelllloro cpuoneTonoro CMew;e­
HHH.IlceB,u;oamrymipHbie noBepXHoCTH ,u;e.naioT HeTpHBHaJILHoi:t CTPYKTYPY PIIBM. 
B cnyqae KeppOBCKOro OTOHa (M =ft O, a =ft O, Q = O) Kapnma KaqeCTBemtO He 
.l\teHHeTCH. B cnyqae Hespaw;aiow;erocH OTOHa (a= O, Q :/; O, M =ft O) KapTHHa 
1<aqeCTBeHHO MeHHeTCH, T. K. H3 (2) u (3) CJie,tzyer: r + = R +, r _ = R_, T. e. 
noBepXHOCTH ropH30HT0B co6hITHH COBD8,Zl;8IOT C COOTBeTCTBYIOw;HMH IlOBepXHOCT­
Hl\lH 6ecKOHetIHoro CMew;eHHH. TaKHl\l o6pa30M, YCJIOBHe a= o o6e,u;HHeT CTpyK­
TYPY PIIBM. 

HaKoHen;, AJIH IIIBap�,u;OBCI<oro OTOHa mteeTCH OAffa nceB,ll;OCHIITYJIHp­
H3H n0BepXH0CT1> r + = R + = R

g 
(Rg - rpaBHTa[(HOHHbIH pa,u;uyc): 

2GM 
Ro = --2 -·

C 

(4) 

BTOpWI oco6eHHaH noBepXHOCTL (r _ = R_ = O) coBna,u;aer c TOqI{OH HCTHH­
HOH CHHrYJIHPHOCTH. 

Hau6onee peaJIHCTHtIHWI Mo,u;e.,Th OTOHHOH 6eno:u ,u;hlpbl CBH38Ha C KeppoB­
CI<HM PIIBM, T. K. Bce H3BeCTHbie acrpocJ.m3uqeCKHe o6aeKTbI o6na,n;aioT Bpaw;e­
HHeM. PacCMOTpHAt ,u;HarpaMMy IleHpoy3a ,ll;JIH pacnmpeHHoro BAOJIL OCH CHMMeT­
pim KeppoBCKoro PIIBM2•8 > (puc. 1), mo MO>KeT ,u;an KaqecrBemme npe,u;craB­
JieHHe o rno6aJILHOH crpyi<zype PIIBM. 

C yqeTOM pe3yJILTaT0B pacllIHpeHHOM Teopmr OTHOCHTeJibHOCTH 1 O) npOH3-
B0JlbffY10 06naCT.1> KeppoBCKoro PIIBM - M, K0Topru1 OTAeJieHa OT ,u;pyrnx ropu-
30HTaMH co6l>ITHH, MO>I<HO o603HaqaTI, 06w;Hl\t CHMBOJIOM 11)

: 

M(k, P), 
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11(1, ) 

H(O, ) 

B(-1, ) 

PHc. 1. .D;uarpaMilla IleHpoy3a A,JIJI pacllillpeuuoro BAOJib ocu cw.tilleTpmt: 1<eppoacKoro I1BM. 
Ilym<THpHaR JIIIHIU[ o603HaqaeT KOJibU:CBYIO CHHI'yJmpHOCTb. Tpaq>apeTHbtii pHCYHOK M ( )., 

B10II011aio� o6nacm: M ( + )., M (-), M (i)., M (, -), M (-, ), M (-i) noaTopneTc.fl ue-
. orpSHHt1eHHo B o6e CTopom,1. IlpH k -+ oo nonyqaeM noJIHoe KeppoBCKoe MHoroo6pa3He. Kpu­
B&Ie ll0K83bIBaI0T B03l\lO>KHbIC reo,ttC3H11CCKHe (epeMCHHllO,tto6m,1e), COOTBeTCTByro�e: 'tl.I(­
-qepHOH Abipe, B.L( - 6enou: Ab!PC, C.L( - cepoii: A&Ipe, TC.L( - TeAtHocepoii: A&IPe, CC.D;-

ceeTnocepoii Ab!pe. 

r,qe p = (i)N (N - tm'.CJIO ropH30HT0B CO�bITHH, OT.[(eJUIIO[QHX IIp0l{3B0JlbHyro 
o6JiaCT.& M OT HeKoTopoii HCXo,qHoii M+), -oo < k < +oo. 

TaK I<aK k HeorpaHHtieHHo, TO H o6Jiacreii mna M ( +) Mo>«eT 6bIT& ueorpa­
HHtleHHo 1\lHOro. Ka>I<,[(aH TaJCaH o6JiaCT& MomeT, npeACTaBJIHTI, co6oii caMOCTOH- 
TeJILHbIH Mup 7 >, · no,qo6H1>Iii Hameii MeTara.JiaKTHI<e. 

AlrrHI<OJIJlaIICHpyro�e 061>e1<Tbl B no,qo6m,ix PIIBM o6pa3yI0TCH B pe3y JIL­
TaTe pe.mrrHBHCTCKoro npo:qecca 1<0JIJianc-aJ1THI<OJIJianc H3 .MaTepHH qepHI>IX AI>Ip, 
1<0Topa1r >>nepere1<aer<< (cM. pHc. I) qepe3 1<p0T0B1>1e uop1>1 H3 OAffOH M (O, + ), 
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M (O, i) o6nacTH J?IIBM. (oToHHoro J\tHpa) B .n;pyrym M (I, -i), M (I, +). IIpn­
tJHHa nepexo.n;a KOJIJianca B. aHTHKOJIJl8IIC y .KeppOBCKOro OTOHa 38KJIIOqaercH B 
Ha.JllftlHe Bpamemm, KOTopoe Ha onpe.n;eneHHOH CT8�H C>K8THH OTOHa, a )IMeHHo, 
B o6nacrH M.{O, · -) npH R = R0 = a2/c2Rb nepeBOAHT eI'o B pacnIHpeHHe. 
HTm<, B KOH�eIII.\HH 6eJ1bIX Abip ·HY>I<HO nepenTH oT IIJ�ijpl.\µIHJILAOBCKoro PBM 
K Kepp0BCI<Ol\.1y PIIBM, KOTopoe ecTeCTBeHHh1�1 o6pa3ol\t 061,ncHneT npHpOAY 
aHTHJ{oJmanca, HO BeAeT K npeACTaaneHHio o HeTpHBHanLHOCTH CTPYJ<Typ&r PIIBM, 
o ArnomecrBeHHOCTH-AmpoB. Taxo� BTopoii B03.l\10)1{ffbIH aapHaHT npoHCXO>KAeHHK
6eJibIX Abip 7 • 9 >.

Cneicrpam,Hb1e oco6eHHOCTH H3Jlyqemm OT aHTHKonnancapa B HaH6onee 06-
ll\el\.1 cnyqae 1<epp-Hb10J\1CH0BCK0H 6enoii J:(hlpbl paCC.l\taTPHBaJIHCb B pa6oTe ,Ua.n;­
xinm 1 2). ĐblJIH nonyqeHbI cne.n;yroIIU{e COOTHOWeHJffi Me>K.n;y 1' o - qaCTOTOU. 
CBeTOBoro CHrHaJia, HCnyll.\eHHoro pa,n;HaJII,HO OT IlOBepXHOCTH 6eJIOH J:(blpbl H v

- qacTOTOH CBeTOBOro_ CHrHaJia, npHHHTOrO YAaJleHHbIM H30JIIOJ:(aTeJieM.
. 

I) PeikcHep - Hop.n;cTpel\tOBCKHH aHTlll{OJI.Tiancap :

tp = f(r) = goo = 1 - 2GM/c2R + GQ/c4R2, 

(6) 

(6a) 

·"Pb - 3HaqeHHe goo B Rb - To�e MaKCHMa.JII,Horo pacwHpemur (dR/dt = O).
3.n;ecb H .n;anee 3H3K ( +) COOTBeTCTByeT 6erroii J:(bipe, 3HaI< (-) - qepHOU. .D;bipe.

2) Kepp-HbIOM�HOBCI<HH a.HTHKOJIJiancap B 3KBaTOpHaJI&HOH IIJIOCKOCTH:

JierKO BH.n;eTL, qTQ (6) H (7) c0Bna.n;a10T, T. K. 

L1 - a2 

----
,2 

r2
. -' 2Mr - Q2 

,2 

(7) 

3) Kepp-HbIOMeHOBCKHH aHTHKOJIJiancap BAOJI& OCH CH.l\�eTpHH (,O.= O):

...!_ 
= 

(L1b) 1/2 ± (L1b - �) 1/2 • 

1'o e: e: (!2 

3TH TPH cnyqan MO)l{ffO npe,n;CTaBHTb B 0611.\eM BH.n;e 

(8) 

. (9) 

.rAe f = f (r) = goo - MeTpHqecrom 1<oscpcpHI.\HeHr npn BpeMeHHoii 1<oop.n;HHaTe 
B COOTBeTCTB)'IOI.l\eH MeTpHl<e, lb = goo (r = Rb). 
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Bb1pa>1<e1DUI ( 6)-(9) He Il0Ka3b1BaIOT B HBHOM BH,n;e pom, ropH30HT0B B 
H3.nyt1eHHH 6en1:,1X .n;1:,1p: xoTH HX 3Hat1eHHe xopowo H3Becmo .n;nn: qepHhIX ,n;1:,1p, 
Ha ropHaoHTe KOTop1:,ix H3JIYqeime HMeeT 6ec1<0Het1Hoe Kpacuoe 01e�eime, a no.n; 
ropH30HTOM H3JIYtleHHe He Ha6JIIO.I(BeMO. )lJIH Toro, tlTOObl BbIHBHTb pom, I'OpH-
30�0B B uanyqemm airrHKoJJJiancapoB, npe,n;CTaBHM (9) B �e 

....!_ = [(Rb - R+) �Rb - R_)
] 

112 ± [(Rb - R+) 
2

(Rb-R_) _

Po eb (!b 

_ (r -R+) (r -R_)
] 

112 

2 
• 

(! 
(10) 

B 3aBHCHM.OCTH OT 3HaqeJIWI Rb OTHOCHTeJI&HO R+ 
MO>KHO Bbl,Il;eJIHTb t.ICThipe 

THila QHTHI<OJIJIBIICHPYIO�HX OTOHOB, ua.rryqeime OT KOTOpbIX HMeeT CBOH oco6eu­
HOCTH. 

1) 3aMeTHM, t110 H.n;eaJILHBH (1<moimt1eCKan:) 6enan: .n;1,ipa .n;on>KHa 61>ITb
napa6oJIHtleCKOH (Rb 

= 00 ), H60 B IlpOTHBHOM cnyqae ru1eeM OC�JIJIHPYIOI.Qllll 
KOJIJianc (R0 < Rb < oo), T. e. o.n;uy H3 pa3HOBH,z:tHOcTeii cep1>IX .n;1:,1p. ,Umi na­
pa6oJIHtieCJ<oii 6enoii ,n;hipLI H3 (9) H ( 1 O) HMeeM: 

_!_=I ±(l-/)112 = 1 ± [1- (r-R+)t-R-)1
112

. (ll) 
Vo e „ 

2) H,n;eaJibHBJI (KaHOHHtleCKan:) cepan: ,Il;blpa COOTBeTCTBYeT YCJIOBHIO Rb = R +.
Jl:JIH KaHOHHqeCl{OH cepoii ,D;Llpbl H3 (9) H ( l O) Hl\ieeM: 

..!.. = ± (-1)112 = ± [- (r -R+) (r -R_)] 
112

Po e
2 

(12) 

11 .n;eiiCTBHTeJI&Ha ua npoTIDKemm Bcero aHTHKOJIJianca R0 = R _ < r < R+ = Rb. 
Oco6eHlll>IH xapaKTep KaHOHHtleCKHX cepLIX ,n;hlp B TOM, 'tlTO OHH ycrof.iqHBbI 
.r(JIH oc�. CBeTJiocepan: .n;1>1pa CR+ < Rb < oo) ,n;OJI>KHa cpparl\1eHTHpo­
BaTLCH Ha MeCTH!,IX Heo.n;uopO,n;HOCTmc. 

3) YcnoBmo R+ < Rb < oo cooTBeTcTByer Ha,n;ropH3oHTaJII>HaH cBeTJiocepaH
.rµ,1pa: R0 < R_ < R+ < Rb. 

4) Y CJIOBHIO Rb < R + cooTBeTCTBYeT no.n;ropH3oHTam.HaH TeMHoccpaH .n;1>1pa:
R_ < R0 < Rb < R+. TeMHocepan ,n;1>ipa B OTJIHtlHe OT caeTnocepoii, 1<0Topan 
nepeceKaeT ropuaoHThI H npoxo,n;HT paaJIHtlHh1e o6nacTH PIIBM - M (l, + ),
M (I, i), M (I, · -), M (2, -i), M (2, +) ... , oc�yeT B o6nacrH M (k, -i) 
no1<a He crau� KaHOHHtleCKoii cepoii: .n;1:,ipo:ii, ,n;oCTHI'HYB ropH30HTa co61>ITHH. 
TeMHocep1,1e .n;1,1p1,1 IIpe.n;craBJIHioT co6o:u nony3al\U<HY'1'1>Ie MHp1>1. 

lfa CK83aHHoro BbIWe H Bhlpa>KeHHH (10) HCHO, qTo oco6e11HbIH xapaKTep 
ropH30HTOB IlpOHBJIHeTCH ,n;JIH aHTHKOJIJiancapoB He ,n;JIH TOtn<B, H3 KOTOpOH H,D;eT 
nanyqeime, a ,n;JIH Rb, T. e. ,n;IDI napaMerpa, xapaKTepH3yio�ero l\iaKCHMam,Hoe 
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pacnmpeime aHTHI<OJIJiancapa. BpeAUI cyll.leCTBoaamm: 6eJibIX 11 cepbuc �blp Ha� aHTHKom1anca Kpaime AtaJio (t < rofc), a cpopl\ta npommemrn BeCLMaCXO>Ka - l<paTKOBpeMeHHble BCDJiecI<H H3Jiyqemrn. 

3. Bcn.llec1<u 2pasuma1,1uo1111020 u 311emnp0Ma211um11020 us11,ytte11uR 1<aK
BcnbZUll<U 6eAblX u cepbzx obzp 

AliTHKOJIJianCHpy1011.lHe OTOHbI B ua6mo�aTeJILHOM OTHOllleHHH OTJIHlialOTCHOT qepHbIX Ablp, T. K. OHH IlpOJIBJUIIOT ce6H HenocpeACTBeHHO. 
3W\1:eTHAl, llTO' XOTH Bpall.leHHe H 33PHA ocna6mnoT CHHee Cl\-tellleHHe 1 2)' 

OHO MO>KeT 6bITF, H B 3THX cnyqamc .AOCTaTO'llHO 60JI&WHM. IlpHBeAeM HBHbieBbipa>Kemm J:tJIH Vmas: qepe3. rno6aJI&Hb1e napW\1:eTpbI. 
BenaH Abipa:
l) Q =I= O, a= O. 2) Q = O, a =I= O, Q = O.

[ (MG)112] 
V max = V O 1 +

Q 
, 

CepaH �b1pa:
Vmax = Vo [l + (GM/ca)] 1 12

• 

1) Q =I= O, a= O. 2) Q = O, a =I= O, {} = O.
Vmax = 1-'o [(q�/ca) - 1] 1 '2•

(13) 

(14) 

lfa Bbipa»<eHHH (13)-(14) BIIAHO, qTO qeM 60JI&llle Macca li MeHl>llle 38PHA(spall.lemre), Tel\l 6oJIF,me MaKCHAtaJI&Hoe CHHee cMeI.Qe:mre · H�emm, �yll.leroOT aHTHKOJIJiancapa. TaKHM o6pa30M, XOTH 3apHA H BJ:)811.leHHe H OCJia6JIHIOTcm1ee CAlell.leHHe, HO npH M (G)112 � Q H GM � ca Vmax � v0, T. e. OHO MO>KeT6bITb AOCT8TOqffO 60JIF,ll1Hl\l. IIepeXOAH I< UIBap:QmHJIF,AOBCl<OAty cnyqaro (Q = O,a = O), nonyqaeM v max = oo, qTo c0Bn3Aaer c 1cepp0BCKHM aHTHI<OJIJiancapoM B3KB8T0pHaJI&HOH IlJIOCKOCTH. 
KaHOHUqeCKaH 6ena.a ,l(blpa H3JI}'tJ8eT C CHHHM CMell.lellHeM (CM. pHC. 2) HanpoTIDKeHHH Bcero npo:u;ecca pacWHpemm (KpOMe ToqeK R

0 H Rb), rAe v = v0 • IlpH nepexo,1:te K IIIBap�bAOBCKOMY cnyqaro (a2Jc2) -+ 0 HJ1H (Q2jMc2) -+ QBblp8>KeHHe (13) A8eT Vmax = <X>, a rpa<pHK IlpmDIM8eT B� (CM. pHC. 2) Vmax B TOt.U<e Rm = (a2/c2) (KeppOBCKHH OTOH). 
KaHOHHqecKaH cepa.a J:thlpa B OTJIHqffe OT 6enoH npOHBJIHeT ce6H KOHeqffOeBper.rn, a ee H3nyqemre ua npoTH>Kemm aHTHKOJIJianca HMeer ue TOJIF,KO cHHeecMell.leHHe, Ho H KpacHoe. lfanyt1eHHe cepoH AhlphI HMeer cne,zzyroID;Yro cneI<TpaJI&­HyIO oco6eHHOCTF, (cM. puc. 3) - Bhipa>KeHHbIH BCilJleCK qaCTOTbI H3nyqemm cKpyn,11\t noJ:t1,eMol\1 H 6onee IlJlaBHbll\l cnyCI<oM B o6naCTH r < R

u
f2. B o6naCTH

(Ra/2) < r< R
g 

HMeeTCH caoeo6pa3HOe >>nJiaTO<< C OTHOCHTeJII,HO AOJirH.l\l BpeMe­Hel\l H3.rryqeHHH. 
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1. 00 

7 

5 

Pac. 2. MaAteHeHHe "tJaCToT1>1 B aan11cW1t0CTH oT R (npoCTpaHCTBeHHoii Koop.t(HHaT1>1) wrn Ka­
HoHlftlecKoii 6enoii Al,Ipbl npH l = 1 (l = Vmn/1'o l\UlKCIIAt8JII,HOe H3l\leHCHHe 'tJaCTOTbI) I[ (=00 

(waapqunm&�oacKHii cnyqaii). 

9 

7 

. 5 

! ... 

1 

1,0. 

Pnc. 3. H3AlCHeHHe 'tJaCTOTbl B 3aBHCHAlOCTII OT R AJUI l<aHOmt'ICCKOH . cepoii 'AblpbI npu / = 7 
u l = c:o (umap�llllfJIJ,AOBCKHii �ail). 

Mo�1,1e BCIIJieCKH KOCMHqecKoro ral\ma-u3nyqemm m1emT pa3Jil{q1{f,Ie Ha-
6.r110.rtaTem,m,1e .r{aHIU,Ie 1 3)' .rtaro�e OCHOBaHHH .r{JIH ItX OTO>K,D;eCTBJie}JWI co
BCIIblllII{al\1H OTOHOB4 • 7 • 14

>. IlpOCTpaHCTBeHHoe pacnpe,n;eneime raMA1a-BCI1J1eCKOB 
HC0Tp0IIHO, IlOHBJieHHe HX ymfi<a.JiltHO, T. e. COOTBeTCTBYeT O.rtJ{opa30BOMY aKTY 
B3III:,IIIIKH OTOHa. raMMa-BCilJICCKH HBIDIIOTCH KpaTKOBpeAteHHbIMH co6bITHH1\UI 
(0,01-80 c) JIOKaJIH30B3HHbIA1H B AlaJibIX o6nacrmc (108 CM). CneKTp raf\\1\18-
BCilJICCKa HM.eeT TeH,1:{eHIUIIO K ero CMHrqeumo. 

182 FIZIKA 23 (1991) 2, 175-191 



TROFIMENKO: PHYSICAL MODELS OF. ,·, 

Kopomoe, cBepxiKecTKoe Haqano H �JIHTeJI1>m,1ii MHrlCHH >>XBOfil'<< �emur 
- xapaKTepm,re ·oco6eH1IoCTH Bcn&IlllKH aHTHKOJIJiaIIcapa. B c.rryqae BCa&IllllGl·
6eJIOH ,n;&Ip&I Bcne,n; 38 raA1MQ-BCIU1eCKOM cne,n;oBaJIO 6&1 OifCH'AQTh B ,n;am,HeimJeAl
ee aKTHBH&IX Ha6mo,n;aTeJII,H&IX npmIBnemm B ro,yrmc ,n;Hana3oHax .�meKTpo1t1ar.:.i 
HHTH&IX BOJIH (Cl\i. pHC. 2), qTo IlOKa He Ha6mo,n;anocr,. TaK qTO, no-BH,IO{M01\1Y,·
rBAma-BCIIJieCKH CBH3aH&lC l<aHOHHqecKHMH cep&IMH ,n;&IpaMH 7>, y l<OTOpLIX BCIIJieCI<

>>o6pe3aeTCH« (Cl\1. pHC. 3). HpHBe,n;eM COOTHOIIIeHHe MC>K,n;y qacT�TOit H3.JIYqeHHn
H BpeMeHCl\l BcnneCKa' H l)WJQTO<<.
IlpH Rm < Rg 

speMH no,n;1>eMa nopHJn{a tn � (Rm/c) [(R
9
/2R;,.) - 11- 1'�, 

Bpel\lH cnyCKa te � (Rg
fc) [(Rg/2Rm) - 11- 112, BpeMH HaxO>K,n;CHHH Ha >>nJiaTO(<

tnnnTo � Ra/c. 
QqesH,n;Ho, Hl\1eeT 1\leCTO COOTH9We.HHe tn < to < t, a' npH Rm < Rg tn < t o < 

tnnaTO) T. e. BpeMH BCWiecKa tscnnCCJ(a < R
g
/c. Mem,n;y MaJ<CHMaJIJ,H&ll\lH qaCTOTal\lH

BO BCIUieq:<e (V,,,) H I-Ia >>IJJiaTO (( ( V o) m1ee! .l\lCCT? co·oTHOIIIeHHe

(15) 

TaK, lITO COOTHOWeHHe ,n;JIH Mfil'KOro raMl\la-�3nyqeHHH H BH,n;HMOro CBeTa 

A8eT !I!! = 106 = (
t
ncnnecRa)- l. Tru<HM' o6pa30M, npH BCil&Illll<e· cepoii .r,;I,Ipbt 

1'o tnnaro · 

BCJie,n; 3a l\1011\Hbll\1 l<paTl{OBper.1.emn,11\1 Bc;:ruieCKOM cne,n;yer OifCH'AaTL cpaBHHTeJILHO 
,AJIHHHhIH >)XBOCT(< 6onee MHrl<OrO H3JiyqeHHH. 

06HapyiKeHHe c&Juoii BCn&IIIIl<H 6enoit (u,"!H cepoii) ,n;&1p&1 npe,n;craBJIHeT co-
6oii ,ll;OBOJII,HO cno>KHy10 3KcnepHMCHTaJI&ffYIO npo6neMy B CHJIY KpaTI<OcpOlIHOCTH 
BCIJhIWKH, HepeKyppeHTHOCTH, npOHBJiemm B 06J1aCTH CBepXBLICOKHX 3HeprHii. 
ECJIH raMMa-Bcnnecror CBH38Hbl co BCilhIOJKaMH cep&IX ,q&Ip, TO .MO>IatO npe,n;­
CKa3aT.b, tITO CHHXpOHHO C raMAta-acnnecKaMH ,D;OJiiKHbii Ha6mo,n;aTLCH BCilJieCI<H 
rpaBHTaql{OHHoro H3.rryqeHHH. 

Bcnnecrm rpaBHTa�oHHoro H3J!YtICHHH pemcrpnpoBanecr, Be6epoM 1 5 >, Ho
na-Ja :mepreTHqec.KHX coo6paiKeHHfr 3TH pesyn&TaT&I 61,IJIH OTBeprilyTLI B Ka­
qecree cpaKTa o6HapYifCemm rpaBHTaI(Homu,xx BOJIH 1 • 3 • 1 �>. rpaa�omu,1e Bon­
m,1 B 3I<cnepHMeHTe Be6epa CBH3&maJIHc& c npo�eccaAm B H,n;pe I'anaJ<THKH H ro­
,n;oeoii BhIX0,11; 3HeprHH, COOTBeTCTBYl0�'3THM co6&ITWIM, ,n;OJDKeH 61,nr, nopHA}<a 
102 

- 103 M0c 2
• OiKH,n;anocL, q·ro no,n;o6m,IM rpau;rtH03HLll\l 3HeproBbI,n;e�eHIDl1\t 

,Il;OJliKHbI COOTBCTCTBOBaTL .rpaH,n;H03H&Ie KOCMHtleCI<He npo�eCCbI, HO OHH He ua-
6mo,n;aJIHCI,. I1paBHJII,Heii:- ifCe OiKH,n;aT& CTOJII, iKe 1<paTK0BpeM�mn,1e co61,rrmr B 
:meKTpOMarHHTHOl\1 ,n;nana3oHe BOJIH, KOTOPLIM MOryT COOTBCTCTBOBaT& raMMa­
BCnJieCKH. 

EeJibie H cep1,1e ,q&IpbI H3 ,n;pyrmc OTOHHLIX 1\lHpOB, Bbl3bIBIUI ,3KCTpCMan&­
Hbie B03MYI..QemtH IlBM H rpaBHTaI(HOHHOro IlOJIH, �OJDKHl,I BeCTH· K MOIQHI,I.l\l 
.KpaTKOBpeMeHHbI.l\l BCilJICCK81\t rpaBHTaql{OHHoro H3�emm. I1pHtleM B. cnyqae 
BCIII,Illll<H cepoii �hipLI rpaBHTaJOiOHHblH BCWieCK ,Il;OIDKeH" KOppe.rmpOBaT&CH co 
CTOJlb ifCe . l<paTI<OBpeMCHlll,IM BCIUICC.KQM 3JieKTpOMarHHTH&IX BOJIH. B cnyqae 
TCl\tHOCepoii ,Il;blpl,I (nony3aMI<H)'TOrO M.Hpa) B 3Heprmo rpaBHTaJOiOHHoro BCIUICCKa 
.l\10).KCT nepeiiTH 3H8lIHTeJII,HaH qacrI> MaCChl OTOHa. I103TO.l\ty HHKa.KHX rpBH,n;H03-
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HbIX npo�eCCOB B 3TOH TOq}(e He6ecaoii ccpepbI IlOCJie BCilJleCKa H3nyqemm He 
CJle,tzy'eT o�aT1,, T. K. pe.mncroM cepoit ,q&lpbI MO>ICeT OK838Tl,CH O.rtHHOtlHaH 
qepmur ,q&Ipa. 06Hapy>1Cemte cmIXpOHHOCTII rpaBHTa�OHHbIX u raMMa-BCIDiecKOB 
6blJIO 61,1 pemaro� apryMeHTOM B IIOJ11,3Y 06HapY>1CeHWI BCIIbIUieK 6eJlbIX H 
cepbIX ,1:µ>Ip. 

Ben1>1e Ahip1>1, B OTJIH'IHe oT cepLIX, noCJie I<pam0Bpe1\1eHH0ro MOil.(Horo 
BCIDieCKa H3JlytleHIUI MOryT npoHBHTI, ce6H B cpopMe rp8.HAH03HbIX KOCMH'tleCKHX 
B3pbIBOB. B 3TOAt oTHomemm rrpeACTaBIDieT HHTepec CsepXHoBaH - 1987A, y 
I<OTOpOH perHcrpHp0B8J1CH aHOMaJILHO 60Jll,WOii BCIIJleCK rpaB1rra�OHHOro H3-
.nyqe:mm 1 1>.

Pe.mu<TLI 6en1>IX H caeTJ1ocep1>1x Ahip rrpu Rb � R+ rrpeACTaBJIHIOT co6oH 
ocTaTKH B3p1>moa pa3J1Hl1Hoii l\'lO�OCTH. Ilpu Rb � R+ qacr.& MaTepHH caeT­
nocepoH A1>Ipb1 MO>ICeT CKoJ1J1anCHp01mT.&, o6paaoaaa tiepH}'IO W>1PY, a Apyraa 
qacr.L, crpel\urrem,uo pacllIHpHamucr,, o6pa3yeT ropHtIHe pacllIHpHro�ecn 06na-
1<a, pa3Jill'l1Hbie BbIDpOCLI H Apyrue B3pL1BHI,Ie KoCMHqeCKHe cpeHOA1eHLI. 

K pemncraM 6eJILIX )l;Llp MO>ICHO OTHeCTH KBa3apbI H aKTHBHbie HApa raJlaI<­
TUI<, A)KeTbI, Me>KraJlaKTHtieCKHH peHTreHOBCKHii raa, rrycroThI, TH>ICe.Jlhie XHMH­
'lleCKHe 3J1er.1eHTbl 7). K rrpommeHIDll\1 6eJibIX H cepLIX ):µ>Ip MO>ICHO OTHeCTH H Te
l<OCMH'tleCJ<He cpeHOMeHbI, l<OTOpbie CBH3bIBaI0TCH C .IJ;-TenaMH AM6apeyr.urHa 1 8)
H rHIIOTeTHtieCKHMH AOranaKffllleCKHMH 3Be3,Ita.i\tH fil THIIa. PeJIHKTaMH cepLIX li 
TeMHOCephIX Ablp )l;Oil>KHbI 6bITL qepm,1e ,I(l:,IpLI, BepORTHOCTL 06Hapy>1Cemur KO­
TOpblX B IIJIOTHblX cpe,11;ax: (T. e. B I(OCl\tH'lecKHX TeJiax) 3HatIHTeJll,HO BhIIDe, qel\1 
B .l\'le>K3BC3J:(H0H cpe,11;e C HH3KOH IIJIOTHOCTLIO Bem;eCTBa. 

4. t/ ep1tbze OblPbz s KOCMU't/,eCKUX meAax

tJepHLie ,T.U,IpLI IIpOHBIDIIOT ce6H qepe3 OKpy>1CaI0w;ee HX Bew;ecrao, 'tlTO 
aa,11;aeT HX Ha6J1IOAaTe.m,uyio oco6elDlocr&: 'tlel\t 60J1Lme IIJIOTHOCTL 0Kpy>1Carow;ero 
Bem;ecraa, Tel\t 6onee auatIHTem,HLIAUI AOJl)l(HbI 6hIT& npoHBJleHHH qepHLIX ALip. 
Ilo3T01\1Y B acneKTe �eHTHCpHK� qepm,1e ,ItLipbI B J(OC.i\UflleCI<HX o6'LeKTax 
rrpe,11;craaJIHI0T co6oii 60J1Lmoii mrrepec. 

38J'\1eTHM, 'llTO B l{eHTpax KOCMHtieCKHX CHCTeM (CKOIIJleHIDIX raJiaKTHI<, KBa-
3apax, HApax: ramucrmc), KaK ctIHTaeTCH, MOryT Hax:OAUTF>CH rrepBHtIHhie t1epHh1e 
Ahlphl 1 3). MeHee H3Becrua H,a;eH O qepHhIX )l;hipax KaK aapOAhIIJJax: 3Be3A 1 9 l.
3TH ffACH B CBH3H C H3BCCTHbIMH TpyA!{OCTHMH B rrpo6J1e.l\1e o6pa30BaHJ(H l<OC.l\1H­
qeCKHX o6'LeKT0B 6LIJ1a o6o6w;eua B KOH:Qe� OTOHHLIX MHpOB: qepHhie Ablphl 
CtIHTaIOTCH ymmepcaJILHLIMH l{eHTpaMH KOffAeHCal{rol Bell.leCTBa npH o6paaomunm 
Bcex KOCMH'lecKIL"'I{ TeJI H CHCTeM 7).

IlpoHBJieHHH MaJihIX llepHhIX )l;blp B 3Be3,l{ax A8IOT cpaBHHTeJILHO He3H8tIH­
TeJll,lll,IC 3c.pcpeKThI, HO Ha IlOCJle)l;HHX CTQAWIX 3BOJIIOl.{HH 3Be3,1l;HbIX o6'heKT0B, 
KOr)l;a IIJIOTHOCTL Bem;eCTBa BeCL.i\'la 3Ha'tlHTeJILHa, MOryT OKa3aT&CH H 3HalUITeJIL­
HhIMH 3c.pcpeKTLI, CBH3aHHhie C qepHbll\UI )l;LlpaMH. B 3TO.M OTHOIJJeHHH oco61,1i'1 
HHTepec rrpeACTaBJIHIOT MHJIJIHCeI<yH'AHhie rryJ1Lcap1,1 20> . 

Ha OCHOBe MO,l{eJIH HeiiTpoHHOH 3Be3AL1, CO.t(ep>1Cam;eii B l{eHTpe AlaJIYIO qep­
HyIO Ah1PY 7)' 61,ma rrpeWJO>ICeHa TeopIDI o6pa30B8Hl1H .I\U1JIJ1HCCKyH](HhIX rryn1,­
capOB. Cornacuo 3TOH MOAeJIH, ycKopeHHe Bpaw;emur rrpoHCXO�HT 38 C'leT CTeKa-
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Hlm (aKKpeQHii) BemecTBa HeHTpOHHOH 3Be3,l(bI B qep1ty10 ,l(bipy. liCXOAH H3 3TOH 
MOAeJIH, 61>rna npe,l(CK838H8 B03MO>KHOCTL cymeCTBOB8HWI Knacca cy6Amnnuce­
�blX {1t1mq,oceKyH,l(HLIX) nynLcapoB 7) C p mln < 0,5 .l\1C. Cy6A1WIJIHCeKyH,l(HhlH 
olJTHtleCKHii nynLcap (P � 0,5 A1c)20 B o6nacm CBepXHoBoii SN-1987A, on<p1>1-
T1>tii Bene]( 38 c.n;enaHHbIM npe):(CKa3aHHe.l\1, HBnHeTCH nO,l(TBep>K,D;eHHeM BepHOCTH 
AamlOH .1\10,l(enH. ,IlpyrHM cne,l(CTBHeM 3TOH MO,l(eJIH HBnHeTCH B03MO>KHOCTI, yc1<0-
pemm Bpamemm y ol(Hl{oqu1,ix ny.111,capoB. Ilo,l(Tsep>K,D;eHHeM 3Toro BbIBo.n;a 
HBJIHeTCH ue.n;aBHee oTKp.brrHe oTpHQaTenLHoil: npoH3BOAHOil: nepHop;a (P = -2 ·
· 10- 17) y OJ:(HHO"tJHoro nynLcapa PSR 2127 - 11 (P = 110 Me) B maposoM
cKonnemm MIS22>. Ha oCHoBe npeA,Jio>KeHHoil: Mo.n;enu oQeHHM napa.l\1erp1:,1 qep­
Hoii ,l(blpbl )];IDI 110-Mc nym,capa B map0B01't1 CKOnneHHH M 15. 

Y CTOHtnlBbIH npoQecc nym,caQHii B03l\10>KeH npH M su � M.1 3To ycnoaue 
03Haqaer Ha..mNHe ToqetfHOH .l\taCCbl B �eHTpe HeHTpOHHOH 3Be3,l(bl, Ky,l(a npoucxo­
W{T croK (aKKpe�) caepxnpoBoA�eH HeHTpoHHoii >KH,l(KOCTH. Macca, oKa-
3asmrutcH B .l\tanoil: llepHOH ,l(bipe (»To�e<<), He BHOCHT y>Ke BKna,l(a B MOMCHT 
HHepi.um. YMem,meHHe MOMeHTa HHeplV{H B cuny 3aKOHa coxpauemm MO.l\1eHTa 
HMIIynLCa ,l(On>KHO KOMneHCHpOB8T&CH yCKopeHHeM BpameHHH. 3To ycnoBHe 3Ha­
qJffenLHO ynpoI.QaeT 38,l(aqy H n03BOnHeT no npOH3BO,l(HOH nepHO,l(a onpe,l(emiTI,. 
TeJ\m aKKpeqHH Ha qepH}'IO . )];bipy H3 ycnOBHSI coxpaHeHHH MOMeHTa HMnym,ca :. 
Iw = L = const. 

Mo1t1eHT HHep� ,l(IlH Heil:TpOHHOH 3Be3,l(LI2 3) onpe,l(enHeTCH BbipameHHeJ\1:.

I= 0.1 MR2, (16), 

�o ,l(SeT cne,l(yIOmyIO o�eHKy MOMeHTa HHep�H HeHTpOHHOll 3Be3,l(bI: Jo =

= I 0 44 r · cM 2• Ma ( 16) MO>KHO nonytn1T1>:

(17) 

IlonaraH R - const. u npop;HcpcpepeH[tHposaB (17) no BpertteHH, nmiyqm1 

(18) 

Ilo,l(CTaHOBKa napaMeTpOB HeHTpOHHOH 3Be3p; H napaMeTpOB 110 ... l\1C nym,capa ,a;aeT 
CJie,l(yIOmyIO oneHKY Te.l'tma aKKpe�HH Ha �eHrpanLHYIO qepHyIO Abipy: .M = 2 • 
• I O 1 7 r • C - 1•• � O�eHKF( MaCCbI qepHOH ,l(bipbI B0Cn0n&3yel\1CH cpopMy JIOii
.a;.tm rHAPOAifilaMFlqecKoii ccpepuqeCKoH aKKpeqm1, T .K. BHY'f PH HeHTpOHHOH 3Be3,a;bI 
H8."<0p;HTCH caepXTeicyqaH >KH,l(KOCTb 3) : 

lfa ( 19) npH IlO,l(CTaHOBKe napaMeTpOB HeiiTpoHHOH 3Be3,l(bl nonyqael\l napaMeTpbI 

qepHOH ,l(blp.bl Mss � 1,58 . 1019 r, RBH � 2. 10-9 CM, ess � 1044 r . CM-3• 

OrToK Bemecraa B qep:ayIO ,l(blpy Be,l(eT K yMeHLWeHHlO nnOTHOCTH aemecTBa 
H ,l(aBileHHH, �o ,l(OIDKHO BeCTH K yMeHLIIleHHIO p83MepoB Heil:TpOHHOH 3Be3,l(bl, 
r. e. B 061.QeM cnyqae B (16)-(18) R #- const. YMem,meHHe pa3l\tepoa ,n;omKHO
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BeCTH I{ HailpIDKeHIDIM B Kope Heihpomr:oii 3Be3.W,I, npHBO,D;mQHAl K .>)3Be3,D;O­
Tp.HceHHHM(< H COOHM nepHo,n;a Bpa�emm. 

TaK KaK .M"" M:m TO 3HatIHT co BpeMeH;er.t ,n;oJDKHo pacTH ycKopeHHe Bpa�e­
mrn nym,capa. C o,n;Hoii cTopoa1>1„ Bp'ameHHe nym,capoB 3a CtieT noTepH 3HeprHH 
331\te,n;IDieTCH, a C ,n;pyroii CTOpOHbl - YCKOpHeTCH 38 CtieT yMemuiemm l\lOMeHTa 
1mep�. 3TH npo�ecc1>1 u,n;yr o,n;HoBpeMeimo; Ho BHatiane npeo6n�aer aaMe,n;­
_TieHHe BpameHHH 38 CtieT IlOTepH 3HeprHH, a co BpeMeHeM IlOCTOHHHO HapaCTaI0-
11.llIH npo�ecc aKKpe� Ha qepicym ,n;1>1py Be,n;er K yCKopeHHIO BpallleHHH. IlpHlleM, 
·CO Bpe1tteHeM )J,OJI>I<Ha B03paCTaTI, H BTOpaH npOH3BO,D;HaH rtepuo,n;a.

Tel\m aKKpeium Ha qepffYIO ,D;bipy (18) COOTBeTCTByeT 3H8tIHTeJII,HOH BeJIH­
tIHHe 3HeprOBbI,D;eJiemrli, 'tITO ,l{OJDKHO DporpeB·aTL HeH:TpOmryIO 3Be3,n;y, a T8l(
Kal< Te.l\tn aKKpel.UIH paCTeT co BpeMeHeM, TO 3H8tIHT, npo�ecc OCTblBaHIDI HeiiTpoH­
HOH 3Be3,D;bl ,l{OJI>KeH Cl'tiemttLCH ee HarpeBoM: TaI<Hl\l o6pa30M, crapbie nym,capbI
.l(O.TI)l<Hbl 6bITI> He TOJil>KO 6hICTpOBpamaromHMHCH, HO H rop.HtIHMH. Ha6mo,n;eHke
,KeCTI<Oro H3JIYtieHHH OT O,n;HHOtIHblX 1\lHJIJIHCeKYIWU>IX nynr,capOB' o6n�aroI.QHX
OTp�aTeJILHoii npoH3Bo�on nepuo,n;a, HanpHMep, y nynr,capa PSR 2127 + 11
·6bIJIO 61>1 eme O,n;HHJ\l no,n;TBepm,n;eHHeM HaJIHtIHH qepHbIX .r(bip B HeHTpOHHblX
3Be3,n;ax. Bo3MO)I<H0, HeKOTOpbie H3 ,n;aBHo Ha6ruo,n;ael\tbIX 3Be3.r( HBJIHIOTCH MHJIJIH­
,ce1<yH,n;HbIMH (HJIH MHKpOCeK�HbIMH) nyfilcapaAlH.

IlnoTHOCTI> BemecrBa IlJiaHeT H31\Uioro nopH,n;I<OB l\lCHl>llle IlJIOTHOCTH HeH­
TpOHIIbIX 3Be3,D;' HO 38TO IlJiaHeTbI H8XO,D;HTCH aecpaBHHl\10 6JIH:>Ke H ,D;OcryIIHbI mm:

·CllCTeAtaTHtteCI<HX Ha6mo,n;emu1, Il03TOMY' OHH TaK:>Ke npe,n;CTaBJIHIOT HHTepec B
nJiaHe o6aapymeHIDI MaJibIX qepHbIX ,n;1>1p 1>. KpoMe �eHTpaJILHoii (3apo,l(bI11IeBoii)
ttepHOH ,D;blpbl, BO Bcex o6JiaCTHX 3eMJIH (H,n;pO, MaHTHH, Kopa) MoryT 6:&ITL qep­
Hble ,D;blpbl, IlOilaBllIHe Ha npOT03el\lJII0 B COCTaBe IlJiaHeT03HMaJieii 7 >. Han6011ee
xapaI<TepHblM o6pa30M MOryT npOHBJIHTI, ce6H qepHLie ,l{blpbl B 3e.l\me, 1<81{ TO­
ttetIHbie rpaBHTa�oHH1>1e .Macc1>1 H ropxtIHe >>TOtIKH<<, KaK pa3JIHtIHoro po,n;a aHo­
.inaJI1-m: ,n;mmMHt1eCKHe, rpaBHT�OHHbie, reoTepMHtiec1<He, reoXHMHtiec1<He, ntar-
HHTHhie. '· . 

CneI<Tp H3JIYtieHHH qepuoii ,n;b1poii ttaCT� pa3JIHtIHbIX THIIOB 61:,m BnepBbie
paCCt.JHT8H ,I(. Ileii,n;:>KOM, I<OTOpbIH B .r(aJII,HeiimeM 61,m }'TOtIHeH C ytJeTO.l\l OTKpbI­
THH T-HeiiTpm1024> •

.UnH qepHhIX ,D,bip B Hl!TepsaJie Mace I O 1 7 r > M 8n > S · I O 1 4 r cpopn1y na
..rvrn HHTerpa.m,Horo H3JIYtieHHH HMeeT BlfA:

Psn = 6.3 · 109 (10 15 r/M88) 2 J · c- 1• (20) 

B cneKTpe n3JlytteHHH qepHblX ,il.blp 3THX Mace HMeIOTCH peJIHTHBHCTCKHe �JieI(­
TpOHhl H Il03HTp0HbI, H8 KOTOpbie IlpHXO,n;HTCH 36,6% H3nytteHHOH 3Hepnm: • 
. Jlm1 ApyrHX qacr� YHOCHMaH l\olOmffOCTL H3nytieHHH pacnpe,n;eJIHeTCH cne,n;ym­
ll\Hl\1 o6pa30J\1: 7 ,6% H3JIYtleHHOH 3Hepnm YJ-IOCHTCH c}loTOH31\lH; 0,9°/ o - rpaBH­
TOHal\tH; 54,9% - IllCCTLIO THilal\lH HeiiTpHHo. 

IIpe,n;cranJrneT HHTepec H B03MO:>KHOCTlt BhI,n;eJiemm 3HeprHH npH crommo­
nemm MaJiblX H l\UIKpo-qepHbIX ,l{blp. <l>H3HtieCKHe CBOHCTBa MHI<pO-'tiepHbIX ,l{blp 
(Ma11 < 1020 r) BO MHOrOM npoTHBOilOJIO)l{Hbl CBOHCTBaM MaI<po-qepm,IM .D:bipaM 
(Ms11 � 1020 r). B tI8CTHOCTH, IlJI01Il8,t:l;I, noaepXHOCTH (>>3HTpOilHH<<) MHKpo-qep­
HbIX ;lb!p y6LIB8eT' tITO npH.l\10 npOTHBOilOJIO:>KHO Teopel\'le X01omra .L(JIH KJiaccn-
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qecI<HX MaKpo-qepHblX ,ll;bip. Cne,u;oBaTem»HO, CJie'AYC'f o>KH,u;a·u,, t.JTO npH CTOJI­
I<HOBeHHH MHKpo-qepHhIX ,ll;blp cyMMa ax IlOBepXHOCTefi 6yAC'f YAOBJiel'BOpHTb 
COOTHOllieHHro: S1 + S2 > S1 2, T. e. IlJIOIIta,u;I, nonepXHOCTH qepHOH J:(blpbI, o6pa-
30Bamrofi npH CJIHHHHH Mm<po-qepHbIX'. ,ll;blp, ]];0.JI>KI{8 6bITL 1\leHollie cyMMbl IlJIO­
Illa.z:tefi IlOBepXHOCTeii: HCXO,ll;HbIX qepHbIX ,ll;blp. CJieAOB8TeJILHO, HeT orpaHHqemtii 
Ha r.1accy, nepexo,u;Huzyro B :meprmo npH cro.rmHoBeHHH MHKpo-t1epHbIX AhIP, 
T. e. 3HaqHTeJILH3H qacTL M3CCbI MO:>KeT nepeii:TH B 3HeprHio. y BHOBL me o6pa-
30BaHHOH AmKpO-t.IepHOfi AbipbI MOl.UHOCTL H3.rryqemm l\lO>i(C'f 6bITL 3HatlHTeill>HO 
BbIWe (P ,...._, M;i), qel\t y HCXO,t:(HbIX, T. e. 3TO cnoco6 ynpaa.11eHHH 3Heprernqe­
CI<HMH IlOI<a3aTeJUIMH qepHbIX ,t:(bip. 

3HeprHH AUIKpo-qepHbIX ,t:(blp l\10:>KeT npHBOJ:(HTL B J:(Bn>KeHHe IlJIHTbl B 
1\olaHTHH, Becm K 3el\lJIHTpeceHIDIM, HO rJiaBHOe AlO>KeT CJI}'>KHTL TOtletIHLl.l\l HCTOt.J­
HHKOl\l (>>ropHt1eii TQql(OH<<) 25) 3HeprHH BYJll<aHOB. TpyJ:(HOCTH B Q6'.MICHeHHI1 
3HepreTHI<H IlJiaHC'f-rHraHTOB, a B oco6eHHOCTH, rp3HAH03H8H BY.i'11<8HHt.JCCI{3H 
aI{THBHOCTb na Mo' Tpe6yeT IlOHCI<a HOBblX HCTOtJHHKOB 3HeprIDI 2 6)' l(OTOpbI�m 
H tt1oryT HBHT.LCH MHI<po-qepHbie ,t:(blpbl 7 >. 

CBH33B HCTOtJHHI< 3HeprHH Marl\iaTHqeCKHX I<aAlep BY JIKaIIOB C l\UII<po-qep­
Hbll\iH ,t:(blp8AIH MO>KHO 01.leHHTL IlOTOK neii:TpHHo Ha 3eMHOH IlOBepXHOCTH, I<OTOpbill 
OK33b1BaeTCH ,t:(OBOJILHO 3H8t.JHTeJILHbIM H BeCLMa YHHI<8JILHhll\l: OH COCTOJ.IT H3 
IlOTOKOB weCTH THilOB HeHTpHHO, HMeIOI.QHX 0,t:(HHaKt>Byro l\lOII.tHOCTb. 01.leHlll\t ero. 

MOil.lHOCTI, HCTOtIHHKa 3HeprHH BYJIKaHa .l\lO>I<HO onpe,t:(CJUITI, H3 IiMeIOII.�UXCH 
OI.leHOI< 3HeprHH, H3pacxo,t:tOBaHHofi ua coopymeane BYJIK8Ha, H B03pacra nyJIKaHa. 
TaK, .rtJIH BYJIKaHa KJIIOqeBCI<Oro 3TH BeJIHl.llIHbl paBHbI COOTBeTCTBeHHO 2 5): 
Evol = 12 . 1020 J H 5 . 103 JleT < t11ol < 8 . 10 3 ;ieT • .I{JIH HH>I<Hero npeJ:(eJIU 
Ha B03pacT HMeel\1 nepXHYIO 01.leHKY ,t:(JIH .l\10Il.lHOCTH HCTOt.JHHI<a 3HeprHH P,•ol =
= 8 . I 09 J · c- 1 • MHTerpaJI.LHaH AtOII.lHOCT.F.t H3JJyqeHHH qepHoii A1:,1p1>1 c1<.:ia­
�h1Bae-rc.a H3 cyMl\1.bI l\'IOillHOCTefi: H3JIYqeHHH p33.'IHt.JHblX qaCTRI.l: 

rAe k9 
= 0,009; k,, = 0,549, ki, = 0,076, ke = 0,366.

·tfacTL 3HeprHH OT qepHOH ,t:(blpbl YffOCHTCH rpaBHTOHaMH li HeiiTpmm. T OjlbKO 
3HeprHH r8l\ll\18-H3JIYt.IeHIUI, pen:HTHBHCTCKHX 3JieKTp0H0B H Il03HTp0H0B A10>i(eT 
6&ITL HCTOtJHHKOAI 3HeprHH ByJIKaHoB, qTo Aaer HH>KHIOIO OI.leHKY MOU(HOCTH 
-qepHofi J:tblpbl, KOTOpOH H BOCilOJIL3YeMCH: 

(22) 

C yqeTO.l\l (21) H (22) l\1.0lqHOCTI> H3JIYt.Iemrn Ka>KAOro THna HefiTpHHO onpe,rteJIIITCH 
Bb1pameHHel\1 
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EcnH aaecrH HeKoTopyro 3Tanomtyio t1epay10 J(bipy c MO = 1 O 1 s r, TO CKO­
pocTL H3JIYtieHHH HeHTpHHO (N,,) c 3Hepmeu (E,,) 6yJ(e T CBH3aHa c .z:q,yrHMH napa-
MeTpal\m qepHOH J(blpbl COOTHOIIJeHWIMH: 

(M8u/M0)-1 = (Ps11/Po) 1 12 = (TsH/To) = (E.,/Eo) = (N,,/No), (24} 

r,l(e M0 = 10 15 r, T0 = 2 · 10 11 K, P0 = 6,3 · 109 J · c-1, E0 = 2,1 · 10-1 2 

J ( 13 M3B ), NO = 2, 7 · 1O 20 c- 1• CneKTp aeiiTpHHO OT t1epaoii· J(1>Ipb1 .smJIHeTCH 
HenpepblBHbll\l H n HeM MaHCHMaJII,HOe I<OJilftleCTBO HeiiTpHHO o6Jia):(aeT :mep­
rHeii E

0
• 

01.leHHAl napar.1eTp1>1 t1epaoii ,l(1>1p1,1, Tpe6yel\ll>Ie 3Heprerm<oii Kmot1eBCKoro 
nym<aHa. lfa (22) onpe,l(e.iIHM l\lOUVIOCTI, H3JIYtieHHH qepHOH ,l(blpbl: 

Ha (24) H (25) onpe,l(eJIHM .l\laccy t1epHoii J(blpbI 

Msu = (Psn/Po)- 1 M0 � 0,59 · 1015 r. 

MaJ<CHJ\taJILHaH Tel\mepaTypa B .l\tarMamt1eCKOl\t ot1are 

0T TaJ<OH qepHOH ,l(blpbl HeiiTpHHO C 3HeprHeii 

E = (P88/P0) 1 12 E0 � 3,6 · 10- 1 2 J (22,5 M3B)

6YAYT H3JJYtI8TbCH co CI<OpOCTblO 

(25) 

(26) 

(27) 

(28) 

3Hepnm HeHTpHHO OT ,l(aHHOH qepHOH Ablpbl 6JIH3K8 K 3Hepnm 6opHbIX HeiiTpHHO
(J(JIH 6opa -8 E = 14,06 M::}B), ):(JIH I<OTOpbIX B XJIOp-aproHHOJ\l 3KCnepH1\leHTe
P. ,UeBHca no perncrpaQHH coJIHetIHoro HeiirpHHo ce'tieHHe 3axBaTa c xnopol\t ( C 3 7}
H8H60Jiee 3HatIHTeJibH02 7>: <1cl = 1,35 . 10- 12 C.1\12 • HIDKe IIpHBOAHTCH O!leHKa
IlOTOKa HeihpHHO OT qepHblX J];blp Ha 3el'ltHOit IlOBepXHOCTH (R) H BeJIB'tIHHY 3KTOB
norJIOilleHlm (n., = <1cr<p). IloTOK HeihpHHo OT 3TaJIOHHOH qepHOH ,l(blpbl Ha pacCTOH­
HHH Ro = 1 o 5 C.l'tl paBeH <p o = 2,2 . 10 9 CM - 2c -1, 'tITO Ha TpH nopH,ttKa npeno­
CXO,l(llT IlOTOI< 6opHbIX HeHTplffiO OT COJIHI(a. C paCCTOHHHeM 3TOT IlOTOI( y61>1BaeT
Kru<:

{29) 

H npH R > 1 o 7 CM IlOTOK HenTpHHO OT l\UIKpo-tiepHOH ,l(blpbI CTaHOBHTCH MeH&We 
IlOTOJ<a 6opHbIX HeihpHHO OT CoJIHI(a' T. e. IlOTOK HeihpHHO 3H8tlHTeJieH TOJJI,J<O 
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E6JIH3H BYJIKSHOB. O�em<H r.rry6HHbI 3aneraHHH M8I'l\taTHtleCl<HX KaMep ByJIKa­
HOB 2 S) ne>KaT OT HeCKOJILl{HX KHHO.l\leTpOB ;:to CTa KHJIOMeTpOB, 

KaK BHAHO H3 (29) IlOTOK HefrrpHHO 6onee qyBCTBHTeneH K paccromouo OT 
'tlepHOH ;:t1>1p1:,1 (R), tJeM K ee rr10I.QHOCTM (P88). Ilo::>Tol\ty 6onee BepomHo 3ape­
rHcrpup0BaTL HeiiTpHHO He OT Bym<aHOB, y KOTOpblX ua6JIIOJ(aJIHCL KaTacrpoct>H­
"'tleCKHe H3Bep)KeJDm C rpOM8J:tHl,Ilrl :meprOBbI;:teneHHel\t 2 S> (KpoKaTay Evol � 
= 1019 J, CaHTopHH H T8At6opa E„0, � 1020 J), a OT BynKaHOB c Herny601<1m 
3aneramreM (4--5 I<HnOMeTpOB) MarMamt1ec1<HX Kal\1ep25 > (MyaHa-Kea ua nm8ii­
CKHX ocrpoBax:, BeaynHii H .z:w.), Ha IlOBepXHOCTH KOTOpbIX IlOTOK HeiiTpHHO l\10-
>KeT OK838TLCH Ha ;:tBa-TpH nopH,i:tKa 60JILllle, tJeM aHaJIOI'HtJHbIX COnHetIHbIX 
HeiiTpHHO. Y KmoqeBCKOro BYJIKaHa MaI'M8THtJeCKaff mtAlepa 3aJieraeT J(OBOJILHO 
r.rry60KO. 

5. Bb1Boob1

C HCilOJIL30BaHHeM pacllIHpCHHbIX I1BM TeopHH OTHOCHTeJILHOCTH paccMO­
'TpeHl>I 8crpo4>HaHqecrote npHno>Kemm 6enLIX H cepLIX ALIP. I10.rryqeHb1 cneror­

roIQHe OCHOBHl>Ie BbIBOJ(bl: 
I) Ben1:,1e H cep1:,1e J(blpbI MoryT npOHBIDITLCH B ct>opMe KpaTKOBpeMeHHblX

BcnneCKOB rp8BHT8�0HHOI'0 H 3neI<Tp0l\larHHTHOI'0 H3.rryqeHHff. I1o.rryqeHbi co­
OTHOWeHWI .Ate>K,rzy MaKClfMaJII,HOH tJ8CTOTOH H3nyqemm aHTHKOnnancapa H ero 
rno6am,m,um napaAteTp81\1H H ropH30HTaMH co61>1THii. 

2) PenHKT8MH cepblX H Te.l\tHocepbIX J(blp MOryT 61>ITL qepHbie J(blpbl B pa3-
JIHtJHbIX KOCMHtJeCKHX Tenax: (l\tHnJIHCeKyHAHI,Ie nyJILcap1,1, rpaBHT�OHHl>Ie aH0-
1\tanHH, nJiaHeTHbm Bym<aHH3M H Jtp.). BLAHCJieHa npoH3BOAffWI nepHOAa nym,­
<:8p8 B 38BHCHMOCTH OT TeAm8 aI<Kpe� MaTepHH HeiiTpOHHOH 3�e3.r(bl H8 r.1anyro 
-qepuyro J(Lipy B �eHTPe, O�eHHBaeTCH IlOTOK HeiiTpHHO Ha 3eMHOH noBepXHOCTH
oT MHI<po-1:.1epHoii ,i:th1p1>1, Hax:o;:t.mn;eiicH B Marl\taTHtJecKoii: K81\1epe BYm<aHa.

B 3aKnIOtJeHHe aaTOp B1>1pa>1<aet 6naro,[(apHOCTL npocp. I1eHpoyay P. (Penrose 
R.) 3a noHcuemm no Bonpocy 6en1>IX ,i:t1>1p, npocp. I1aaIIJHt1y M. (P8všić M.) 
npocp. Be6epy ,Um. (Weber J.) 3a BblCbIJIKY OTTHCKOB CBOHX pa6oT H 38 o;:to6pe­

Jrne ,z:taHHOH HanpaBJieHHocm Hccne,z:toBaHHii; npocp. EcppeMoBy IO. H. 38 noJ(,z:tep­
mKY pa6oT asropa; rypimy B. C. 38 KOHCTpYJ<THBHOe o6cy>K,z:teHHe AaHHOH pa­
-60TLI. 
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FIZIKALNI MODELI BIJELIH I SIVIH RUPA I NJIHOVA PRIMJENA 
U ASTROFIZICI 

ALEKSANDER P. TROFIMENKO 

Astronomical Section oj J\,f insk Department oj Astronomical-Geodesical Society oj the U S SR, 
Minsk-12, Abonent Box No. 7, 220012, USSR 

UDK 530.12 

Originalni znanstveni rad 

Na osnovu proširenih mnogostrukosti opće teorije relativnosti razmotrene su pri­
mjene bijelih i sivih rupa. Razlikuju se četiri tipa antikolapsa: kanonske bijele i 
sive rupe, lake- i tamno-sive rupe. Antikolapsi tih tipova su slični, ali su ostaci 
bitno različiti. B!jele i sive rupe mogu se manifestirati u obliku provale gravitacio­
nog i elektromagnetskog zračenja. Kvazari i kozmičke šupljine :mogu se povezati 
s ostacima bijelih i svjetlo-sivih rupa, a crne rupe s ostacima sivih i tamno-sivih rupa. 
Razmatrane su ;moguće manifestacije malih crnih rupa u svemirskim tijelima 
(milisekundni pulsari, planeti, i t. d.). Procijenjen je tok neutrina iz mikro-crne 
rupe. 
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