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IPEJAEJI CBETUMOCTHU 3J/IMHI' TOHA VIS BESMACCOBBIX KPOTOBbBIX HOP
CO CKAJIAAPHBIM IIOJIEM

© P.M. KOcynoBa, I'.P. MyxTaposa, P.H. U3mausoB

BonbmmHCTBO acTpou3nyeckux 0OBEKTOB PACTYT 3a CUET MACcCOBOM akkpenuu. [loutn moBceMecTHOE MpH-
CYTCTBHE MEXK3BE3JHOI'O BEIECTBA OOBIYHO MPHUBOAUT K 00pa30BaHUIO BOKPYT KOMIAKTHBIX OOBEKTOB aKKpeIU-
OHHBIX JWCKOB. BBIOpPOC M3IMydeHHS U3 AUCKA OMPEeNseTcs] BHEITHUMHA TPaBUTAIMOHHBIME ITOTCHIMAIaMH [IeH-
TPaTbHOTO MAaCCUBHOTO O0BEKTA, KOTOPEIE, B CBOIO OYEPE/b, CYIIECTBEHHO OIMPEACISIFOTCS €ro MPUpPOIoH — Hell-
TPOHHAs 3Be3/la, YepHas AbIpa, KPOTOBas HOpa WIM rojlas CUHTYIApHOCTh. ClefoBaTeNnbHO, acTpo(U3nYecKue
HaAOJIOICHHST YMUCCHOHHBIX CIIEKTPOB OT aKKPEIHNOHHBIX JUCKOB MOXKET IPUBECTH K BO3MOKHOCTH IIPSIMOTO TEC-
TUPOBAHUS (PU3NIECKUX U acTPOPHU3UIECKAX CBOHCTB KOMITAKTHBIX OOIINX PEISTHBUCTCKUX OOBEKTOB, KOTOPEIC
CO3/1aJIM TUCK CBOMM T'PaBHTAIlMOHHBIM moJieM. [Iporecc akkpenuu uiaeT 6iaronaps BSI3KOCTH, 00YCIOBICHHON
TypOyJICHTHBIMHU IBIDKCHHUSME BEIIECTBA B aKKPEIIMOHHBIX AWCKaX. B CBOIO ouepenp, AUCKU 00MIagaloT BayKHBIM
CBOWCTBOM — CBETHMOCTBIO, KOTOpasi B HAIlIM THH MO3BOJISIET KOCBEHHO HAOIIONATH 32 acTPO(PU3NIECKUMH KOM-
MaKTHBIMUA OOBEKTAMHU.

B pabote BBITOIHEHBI PacueTHl 10 ONPECIICHAI0 Tpeieia CBETUMOCTH DIANHTTOHA aKKPEIIMOHHOTO TTUCKA,
00pa30BaHHOTO BOKPYT 0€3MaccoBOil KpOTOBOIT HOpHL. brIa ycTaHOBIIEHA 3aBHCUMOCTD TIPEACTBHON CBETHMOCTH
B 00J1aCTH TOPJIOBHHBI 1 HA OECKOHEUYHOCTH OT AUJIATOHHOTO, 3JIEKTPUYECKOT0 U MATHUTHOTO 3aps0B Ui KPOTO-
Bo#t HOpbl ['ynapra. Taxoke moyueH BepXHHA Mpeien sl TUIaTOHHOTO 3apsiia, PU KOTOPOM JOCTHTAIOTCs MaK-
CHMaJbHOE 3HAUCHUE CBETHMOCTH DAIUHITOHA. B pesymnbrare OBUIO YCTaHOBJICHO, UTO C YBEIUYCHHEM IHIATOH-
HOTO 3apsja, 3Ha4eHue Tpeesa CBeTUMOCTH DAJUHI TOHA BO3pacTaeT.

KitoueBsie ciioBa: npenen DIAUHTTOHA, Oe3MaccoBasi KpOTOBas HOpa, AUJIATOHHBIN 3apsil.

[Ipenen ceetumocTy DAAUMHTTOHA Lg44 — 3TO
MaKCHUMaJIbHasi CBETUMOCTb KOMITAKTHBIX acTpodu-
3MYECKHX OOBEKTOB (YEPHBIX HABIP, HEHUTPOHHBIX
3Be3/, KPOTOBBIX HOP U T.[.), U3TYYaIOIIKX 32 CYET
mpouecca akkpenuu. [Ipexpen OnauHIrTOHa NOCTH-
raercsi Npu PaBHOBECHU T'PAaBUTALMOHHON CHIIBL,
JEeNCTBYIONIETO0 BHYTPh, U CHUJIBI IaBJICHUS M3ITyde-
HUs, JedcTByroniero Hapyxy. Eciu L < Lgqq, T.€.
IPaBUTALMOHHAS CUJIa NPEBBILIAET CHIY AAaBJICHUS
W3ITy4YeHHs], TO CTAHOBHUTCA BO3MOXKHOM aKKpeuus
BEIIECTBA Ha KOMIIAKTHBIA MCTOYHHUK H3ITyYEHHUS.
[pu L > Lgs, (Cynep3ANHTTOH) BEIIECTBO OTTeE-
KaeT OT aKKPELIMOHHOI'0 JAMCKA M3-3a MPEBBIILICHUS
cwibl naBneHust u3nyueHus [1]. Ilpumepom ans
MOCJIEZIHETO CJIydas MOTYT CIY>KUTh PEHTI€HOB-
cKkas BoiHas cuctema SS 443 u HEWTpPOHHAS 3BE3-
na M82X-2.

B nannoii pabote uccinexyercs mpepen Ia-
MIUHTTOHA i1 0e3MaccoBOi KpOTOBOW HOpHI ['y-
japra.

Pemenne I'ymapta. HegaBro ['ymaptom 6pu10
OIMCAaHO HOBOE pelleHue i 0e3MaccoBOM KpOTO-
BOI HOpHI B Teopun MakcBeuia—JWHIITeHa B KO-
opmuHartax (t,7,0,9). Takoe mone u3 Teopuu co-
NEPKUT B ce0€ METPUKY gy, KATTMOPOBOYHOE MOJIE
Ay W MIAaTOHHOE MOJIE (P, a CaM JWJIATOH JKCIIO-
HEHIMAIBHO CBSI3aH C HaNpsDKEHHOCTBIO JJIEKTPH-
geckoro 1o [2]. JleiicTBre BBIpakaeTcs Kak:

S=[d*x/—g(R—20,90"¢ -

—W((p)Fquuv), (1)
rae W(p) = e™2°,
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TeH30p 3JIEKTPOMAarHUTHOIO TONSA 3a7aeTCst
KakK:
Fw = 0,4y — 0,4, (2)
Pewenue I'ynapra 3amaercs B Buge:
2 1 2
ds® = — —azdt +
1+ =z
a2
+ 1+;i dr? + (r> + a®)x (3)
72

x(d6? + sin?0d@?),

a? = 2PQ k? = ¥? + a?,

rae P — MarHuTHbIA 3apsa, Q — SNeKTpHYecKHi
3apsn, X — nunatoHHseld 3apsaa. [lpu P = 0 metpu-
ka (1) cBogurcs k pemenuro IIBaprimmibaa, 11
KOTOpPOTO HEJb3d OMNpeAeNUTh CBETUMOCTh -
JUHTTOHA, TaK KaK JaHHOE pelleHHE HE COIEPKHUT
CKaJIpHOTO Nojsl. JuiaToHHOE moje BhIpaXkaeTcs
KakK:

290 _ L2, r+dq 4
e“? = e“Po—=

T—do’ ( )
rae di = —dg = =%, ¢, — IWIATOHHOE MOJEe Ha

O0eckoHeuHOCTH, d, dg — MOCTOSTHHBIE UHTETPUPO-
BaHUSL.

Paguyc ropnosunsl KpoTOBOM HOpPHI 'ymapra
ompezenarcs no Gopmyue:

Ttp = a = +/2PQ. (5)

CBeTUMOCTh DIAUHITOHA Ul Pa3IU4HbIX
00BEKTOB (YepHBIX AbIp U O030HHBIX 3Be3[) ObLIa
ompezeneHa B padorax [3, 4]. Hampumep, B padote
[3] ObuIM ompeneneHBl KPUTHYECKHE CBETUMOCTH
TOHKHX aKKpPEI[MOHHBIX JHCKOB, 00pa30BaHHBIX
BOKpYT TOJION CHUHTyJIsipHOCTH byxpans u KpoTo-
BOIl HOpbI Oinca—bpOHHMKOBA, W NPOBEAEH HUX
CpPaBHUTEJIbHBIN aHAIU3.

[penensHyo cBeTUMOCTh BONHM3HM paguyca
TOPJIOBHHBI MOXHO OIPEIEIUTE 110 (popmyIie:

T — 1.3x1038 M/Mg,  (6)

Lgaa =——=
r7ie My, — Macca NpOTOHa, O — TOMCOHOBCKOE Ce-
4yeHue paccesHus, M — QYHKIHUsS pacrpeeieHus
Macchl, Mo — Macca Comana. Ilpenmonaraercsi, 9To
AKKPELMOHHBII MMOTOK CTAlMOHAPHBIN U cdepuye-
CKH-CUMMETPUYHBIA U aKKPEHUPYIOIEe BELIECTBO
COCTOMT W3 BOJOPOJa W HOHM3HPOBAHHOTO TIa3a,
TaK KaK HAJMYHC TSHKEIBIX DJIEMEHTOB MOXET Ha-
PYLIUTh CTaOMIBHOCTh MOTOKA. [10CKONBKY aKKpe-
[[MOHHBINA JUCK MOXHO OITHCATh Yepe3 (YHKIHIO
pacrpeiesieHnsi MacChl, 3aBUCSIIEH OT pagnyca, TO
CBETHMOCTh DJUIMHITOHA TaK K€ 3aBUCUT OT pa-
auyca, T.e. Lggq (r) o< M(r). ®yHKumo pacrpe-
JIEJIEHHST MACCBHl MOXKHO BBIPA3UTh uepe3 hopmyy:
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T
M(r) = 41'[J Ty or2dr =
- Tth
=2nf g7, @

OTKyJ]a MOXXHO TONYYHUTHh (YHKIHIO pacrpeene-
HHUS MacChl JJIs1 KpOTOBOM HOpHI ['ynapTa:

M, =—

B
T2( +
24(V2,/PQ - %)
N B _ ﬁﬁﬁZzArcTan[
24(V2,/PQ+%) A?
(2P2Q2%+3PQx?%)Log|Vv2,/PQ-3]
+ 23 A? +
(-2P2Q?-3PQx?)Log[v2,/PQ+Z]
+ +
2%A2 B

2r—DA 20+ DA

5 T
\/7@\/52 ArcTan [—\/E\/ﬁ\/a .
42

N (2P?Q?% + 3PQz?)Log[r — %] N
2Y A2
(-2P?Q?-3PQz?)Log[r+%]
2342 )’
rne A = (2PQ + 22), B =—-PQ — LS
COOTBETCTBEHHO, MpEAeN CBETUMOCTH JJI-
JUHTTOHA MOJKHO 3aIlMcaTh B BUJIC:

el
VFJE+

(8)

+2mZ2(

GWH _ 32 pfGWH
LGWH = 1032MEWH,

9)
st cpaBHEeHUsI, HaONIOIaeMble CBETHMOCTH
KBa3apoB U SAJIEP aKTHBHBIX TAIAKTHK COCTABIISIOT
10*5 — 10%° spr/c, 4TO0 COOTBETCTBYET HATMHITO-
HOBCKHM CBETHMOCTSIM TIPU aKKpeIUd Ha CBEpPX-
MacCHBHBIE uepHble AbIphI ¢ Maccoit 107 — 108
coJIHEuHbIX. B cnywyae kportoBoi HOphl I'ymapara
CBETUMOCTh DJJIMHITOHA 3HAYUTEIHHO HIDKE.
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Puc. 1. 3aBuCHUMOCTb KPUTHUECKOM CBETMMOCTH OT
paccTosHUA ' IPU Pa3IMYHbIX 3HAUCHUSX MarHUTHO-
ro P, anextprueckoro Q M IMIATOHHOTO X 3apsioB
JUIsL KpOTOBOM HOPHI I'ynapTa
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CornacHo rpaduKy, IpUBEJEHHOMY Ha puc. 1,
3HaYEHHE CBETUMOCTH OJIMHITOHA BO3pAcTaeT C
YBEJIHMYEHHEM JWJIATOHHOTO 3apsiia U MaKCHUMajlb-

Hasg CBETHMOCTh JOCTUTaeTcsi MHpH X = ,/2PQ.
BOnu3u cTabuinpHOM cpenHeKBaApaTHIHON OPOUTHI
HaOIIfOJaeTCs OYeHb OBICTPOE yBENMYCHHUE CBETH-
MOCTH OJIMHTTOHA, 32 KOTOPBIM crieayeT (asa
IJ1aT0, B KOTOPO# Ly 4,4 MOYTH IOCTOSHEH.

HaGnroeHue peHTreHOBCKUX BCITBIIMICK TPH-
BOJIUT K TEOPETHYECKOMY OXKHIAHHUIO TOTO, YTO
BO3HHUKAIOIAsi CBETUMOCTh, HabtogaeMast Ha Oec-
KOHEYHOCTH, JOJKHA OBITh MPUOIM3UTEIHLHO PaBHA
KPUTHYECKOH CBETHMOCTH OiauHrToHa. CBeTH-
MOCTh DJJWHTTOHA Ha OECKOHEYHOCTH OTIpenes-
eTcs 1o opmyIie:

41Tmprt2h
or

d
—%E\/ _gtt)- (10)

B cnmyuae kpoToBoit HOpEI ['ynmapra 6bu10 TI0-
JIy94EHO CIEIYIOLIee BBIPaKCHUE:

2 \3/2 3 2152
385212 T T2(2PQ+71°+Z%)
5.52x10°°P7Q <2PQ+r2) m (11)

r3

R
Edd —

B
Edd —

Log[LEyq]

%6 — =01

P=0.5,Q=0.5 2=0:3

95 — =05

----- 3=V2PQ
94

93

0 1 2 3
r/M

Puc. 2. Kputndeckas cBeTUMOCTh Ha OCCKOHEUHOCTH
JUIsL KpOoTOBOM HOpbI ['ynapTa npyu pa3auuHbIX 3HAYE-
HUSIX MarHutHoro P, snmexTtpudeckoro Q m mumatoH-
HOTO X 3apsJ0B

ITo puc. 2 BUIHO, YTO CBETUMOCTH DJJTUHTTO-
Ha IS KpOTOBOM HOpHI ['ynmapra Bo3zpacrtaer ¢ yBe-
JIMYEHUEM JTUIATOHHOTO 3apsfia U JOCTUTaeT Hau-

OoubLIero 3HaueHus npu X = / 2PQ.

BeiBoa. B panHO# paboTre ObUTH TPOBEICHBI
TEOPETUICCKUE WCCIICOBAHUS 110 OMNPEICICHUIO
CBETUMOCTH DJIIMHITOHA B MPOIIECCe aKKPEIUu Ha
0e3MaccoByr0 KpoToByto Hopy ['ymapra. Bouio yc-
TAHOBJICHO, YTO C YBEJIMUCHUEM AFJIATOHHOTO 3apsi-
Ja TIpellelbHas CBETHMOCTh B OOJIACTH pagmyca
TOPJIOBUHBI M HA OECKOHEYHOCTHU BO3PACTaeT U J0C-
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TATACTCS MaKCcUMyMa TpH X = ./2P(Q. Bimsaawme
MarHUTHOTO U JJICKTPUYECKOTO 3aps/IOB HE3HAYU-
TenbHbl. 1lomydyeHHbIE CBETUMOCTH AJIsi KPOTOBOU
HOpHI ['ynapTa 3HAYUTENBHO HUXKE, YEM CBETUMOCTH
OIIMHTTOHA JUIS M3BECTHBIX OOBEKTOB, HAIPUMED,
Connna (3.8x10% 3pr/c) u aKTHBHBIX siep ramax-
TuK. HecMOTpsi Ha HYJCBYIO aCHMIITOTHYECKYHO
HBIOTOHOBCKYIO Maccy, 0e3MaccoBble KPOTOBBIE HO-
PBI CO3MIAOTCS APYTUMU THITAMHU TTOJICH, TAKUMH KaK
CKaJSIPHOE WJIM JVJIATOHHOE, UMEIOLUMH JHEPTHIO,
ClIeZIOBaTeNIbHO, DKBUBAJICHTHAS HEHYyJEBas Macca
MOJKET OBITh OTHECEHa KO BTOPUYHOMY HMCTOYHHKY,
KOTOPBIA MOXXET UCKPUBIIATH MPOCTPAHCTBO-BPEMS,
BBI3BIBAIOIIEE, HATIPUMEP, OTKJIOHEHHE CBETA U, KaK
CIIeZICTBHE, aKKPEIIHIO.
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EDDINGTON LUMINOSITY LIMIT FOR MASSLESS WORMHOLES WITH SCALAR FIELD
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Most astrophysical objects growth by mass accretion. The almost universal presence of interstellar matter
generally leads to the formation around compact objects of accretion disks. The emission of the radiation from the
disk is determined by the external gravitational potentials of the central massive object, which in turn are essen-
tially determined by its nature — neutron star, black hole, wormhole or naked singularity. Hence the astrophysical
observations of the emission spectra from accretion disks may lead to the possibility of directly testing the physi-
cal and astrophysical properties of the compact general relativistic objects that have generated the disk via their
gravitational field. The accretion process proceeds due to the viscosity caused by the turbulent motions of matter
in the accretion disks. In turn, disks have an important property — luminosity, which today allows indirect observa-
tion of astrophysical compact objects.

In this work, calculations are performed to determine the Eddington luminosity limit of an accretion disk
formed around a massless wormhole. The dependence of the limiting luminosity in the throat region and at infini-
ty on the dilatonic, electric and magnetic charges for the Goulart wormhole was established. An upper limit was
also obtained for the dilatonic charge, at which the maximum value of Eddington's luminosity is reached. As a
result, it was found that with an increase in the dilatonic charge, the value of the Eddington luminosity limit in-
creases.

Key words: Eddington limit, massless wormhole, dilatonic charge.
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