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1 Bseaenne

1.1 MoruBamnus

Hecmorpst Ha BBICOKYIO 3 heKTUBHYIO Temieparypy noepxHoctu Heifirpounbsix 3esn (H3), ux
TPYAHO WM HEBO3MOXKHO HabJIIOJATh B PEHTICHOBCKOM JIHMAlla30He CIIEKTPa HEIIOCPEICTBEHHO W3-
3a MaJoro pasmepa. OCHOBHbIE KaHa/Ibl MH(MOPMAIMH, 110 KOTOPBIM MBI MOYKEM OTOXKICCTBIATH U
usyqarh H3 B penTrene, 310 Kpusble 6/1eCKa pEHTTeHOBCKUX Bembiek (s H3 B BoiiHbix cucremax
C aKKPEIMOHHBIM JIUCKOM ), XPOHOMeTpUpoBaHue (TaitMuHr) mysiabcapos (st H3, Kak ofuHOYHBIX,
TaK ¥ B KPATHBIX CUCTEMAaX), & TAKyKe CIIEKTPbI U3JIyUYeHUs OT CUCTeM, cojepzxKarunx H3.

B xopomo u3y4enHoM mporecce AUCKOBOH aKKPeIUH Ha YepHYIO JLIPY OCHOBHOE SHEPIOBBLIIEIe-
HHE B JHCKE IIPOUCXOIUT BO BHYTPEHHUX YaCTAX JUCKa. [Ipu IMCKOBON aKKPEIUU Ha 3aMarHiIeHHbIe
00BbEKTHI — HEHTPOHHBIE 3BE3/IbI, Oestbie Kapauku, 38e3/6l Tua T Tauri, Ap 3Be3nsl — BKJa B U3-
JIydeHHEe OT JUCKA TaKyKe BHOCAT, B OCHOBHOM, BHYTPEHHHUE YACTH JUCKA, IJI€ BJUSHAEM MATHUTHOI'O
[OJIsl Ha BEIeCTBO HEJIb3s MpeHeOpedb (3a0y/eM Ha MUHYTY HPO MPOIECC CaMOOOJIYUeHHUs JIUCKA).
[TosTOMYy BasKHO M3y4aTh CTPYKTYPY AKKPEHMOHHBIX AMCKOB U BJIMSHAE MAIHUTHOIO IIOJIA Ha pPac-
upeJie/IeHne IapaMeTpOB B HEM.

B nannoii paGore Momesmpyercss BepTHKAIbHASA U PaJuaibHas CTPYKTYPAa, CIEKTPLI N3JIyIeHIA
AKKPEIMOHHBIX JIMCKOB BOKPYI' 3aMarHUYCHHBIX 3BE3, U 0CO00€ BHUMAHME YICISICTCS 3aBUCUMOCTH
HOJIyYE€HHBIX PE3YJILTATOB OT yTJia HAKJIOHA MAIHUTHON OCH IIEHTPAILHOIO OOBEKTa K ero OCH Bpallle-
Hust (Jasee Mbl Oy 1eM FOBOPHUTD JIJIst OTIPEJIEIEHHOCTH PO AKKPEIHIO Ha 3aMArHUIeHHY 0 HeHTPOHHY IO

3BE3LY ).

1.2 CymiecTByomnime MoAean

CytecTByeT MHOTO paboT, B KOTOPBIX aBTOPBI MOJIEJIUPYIOT MPOIECC JUCKOBOM aKKpelun Ha 3a-
Marandenuyo 3se3ay. Hanpumep, Gosh & Lamb 1979a [1| mocTpomiu camocoriacoBaHHYO MOJIEb
“IepexojIHOTO ¢jiogd” — 00JIACTH JINCKA, B KOTOPOI MarHUTHOE T10JIe 3BE3/Ibl IPOHUKAET B BEIECTBO U
BJINACT Ha €ro JIBUZKCHUC.

B crareax Ghosh et al. 1977 [2|, Gosh & Lamb 1979a, b [1], [3] aBrops! mocTponim mozens
B3aUMOJIEHCTBUSI MATHUTHOIO T10JIs1 HEHTPOHHOMN 3Be3/Ibl C BEIECTBOM B JICKE U MOKA3aJIU, 9TO OHA
YJIOBJIETBOPUTEIHHO COJIACYETCS ¢ UMEBIIUMUCST TOT I HaOJII0IeHrsIMU 3aMe ieHnst Bpaienust H3 B
peHTreHOBCKUX JBoitHbIX. Wang 1987 |4], ommako, mokasas, 9To MojeIh MArHUTHOTO 10Jist [omma u
JIsmba He camocoriacoBaHHa, U JIaBJIEHHE TAKOTO MArHUTHOT'O TIOJIs PA3PYIINJIO ObI JUCK Ha GOJIBITNX
PACCTOSHUSAX OT TeHTpa. Kpome Toro, 1mo cOBpeMeHHBIM PEJICTABIEHUIM JIMHIUE MArHUTHOTO ITOJIs,
KOTOpbIe MTPOHUKAIOT B JIUCK B 0DJIACTSIX, TJI€ JMCK BPAIaeTcsl 3aMEeTHO MeJJIeHHee MarHUTOC(hephI
H3, Moryr nepesaMbIKaThCs U, KaK CJIEJCTBUE, Pa3MbIKAThCs, yXoisd Ha beckonedanoctsb (Lovelace et
al. 1995 [5]). Dror acbdekr Takke He ObLT yuTeH B mukie pabor Gosh & Lamb.

B pa6ore Campbell 1992 [6] aBrop mpoBes HOAPOOHBIH aHATN3 CJIANAEMbBIX, MOSBJISIONINXCS B
yPaBHEHUSIX JIBUKEHNUsI IPH yIeTe MAarHUTHOTO OIS, PACCMOTPEJT CIydail BA3KOCTH, 3aBUCATIEH TOTb-
KO OT paccrosiaus jio H3, u a-Bsi3kocTu (Bpovem, He HasbiBas eé Tak). V3 ero anasimsa, Halpumep,
CJIeJIyeT, YTO MOXKHO IpeHebpedb HaBEeJIeHHBIMUA MATHUTHBIM IIOJIEM 10 T — ¥ Z—KOOpJHHATaM (CM,
onnako, Naso & Miller 2010, 2011 |7, [8]), wem Mmbr Gymem mosb30BaThCA B 9TOI pabore, a TakkKe
9TO CKOPOCTH B JINCKE BE37le MOKHO CUNTATH PABHOMN KEIJIEPOBCKOiL (CM. pasfied || 1ist 06Cy K IeHust ).

Campbell & Heptinstall 1998a,b [9], [10] ucciemoBann BepTukagibHyIO CTPYKTYPY AKKPEIIHOHHBIX
JINCKOB BOKPYT 3aMarHUYIeHHbIX 3Be3/1, IPHHUMAas BO BHUMaHUE PA3HbIe MEXaHU3MbI JTUCCUITAIINN Mar-
HUTHOI'O TOJIsI B JINCKE — TYPOYJIEHTHON MarHuTHO# 1 Dy3un Wi BCILIBIBAHKSA MarHUTHOTO OIS
[Tokazamno, 9T0 pe3yabTaThl pacueTa BEPTUKAJBHONW CTPYKTYPhI HE CUILHO 3aBUCAT OT BLIOPAHHOTO
Mmexanusma. B pabore Campbell 2009 |11] mocTpoena Mojesb pa3pyIiennst aKKPEInOHHOTO JIHCKa Ha
HEKOTOPOM PACCTOSIHUE OT 3BE3JIbl OBICTPO BO3PACTAIOIIMM JABJIEHHEM MATHUTHOTO IOJIs, KOTOPOE



6oJ1ee HeJIb3sT YPABHOBECUTH KOMIIOHEHTOW CHJIBI IIPUTSYKEHUSI 110 OCH 2.

B BbImenasBaHHbIX paboTax “Bs3KOCTH IUCKA CIATAJIACH He 3aBHUCAIIEH OT MAIHUTHOT'O II0JIsI, ITO
HE COIJIACYeTCsl ¢ COBPEMEHHBIMU MPEJICTABICHUAMN O TYPOYJIEHTHOM MEXaHU3Me [ePEHOCa YTJIOBOIO
momenTa (Balbus & Hawley 1991 [12], cum. takxxe 0630p Balbus & Hawley 1998 |[13]).

Tessema & Torkelsson 2010 [14] mocTpomin Mozesib TOHKOTO (-/TCKA BOKPYT 3aMarHUYIEHHOI
3B€3/IbI, TOMBITABIIICH YIECTh KPYITHOMACIITAOHYIO CTPYKTYPY MArHUTHOTO IOJIs, KOTOPasi IIPE/IIo-
JIOKUTEJILHO MOXKET BO3HHKATH n3-3a TypOysentaoro auuamo (Hawley et al. 1996 [15]). Oun BBean
dbyukmmio A(r), onmucHBAIOILYIO OTINYNE CTPYKYPBI JUCKA OT CTAHIAPTHOIO, U MMOKA3AJHU, UTO 33/~
Ya MOXKET OBITh CBeJieHa K OOBIKHOBEHHOMY T hepeHnnaj bHOMy yPaBHEHUIO OTHOCUTEIBHO ITO
dyHKIIH.

Bo Bcex BbImenepevunceHnbx paboTax MPUHUMAIACH MOJEJb JINMOJLHOIO MArHUTHOTO TIOJIS
HEHTPOHHON 3BE3/bI ¢ MATHUTHBLIM MOMEHTOM, COHAIIPABJIEHHBIM C OCHIO BPAICHHUS 3BE3bI: yTOJI
X = Z(flm,wWs) = 0. IlockoabKy MBI perucrpupyeM Hepuoandeckue UMIyabebl o1 H3 B cucremax ¢
AKKPEIMOHHBIM JIICKOM, 9TO IIPEJIIIOJIOKEHNe He onpasjbiBaercda. B pabore Wang 1997 [16] uccie-
JIOBAHO BJIMSIHUE X HA CKOPOCTDb m3MeHeHus rnepuoja Bpamenns H3. B pabore Bozzo et al. 2018 [17]
OBLIIO N3YYEHO MOBEICHNE BHYTPEHHErO PAJINyCa JIMCKa B 3aBUCUMOCH OT X, ITOJIb3YCh BbIBEJCHHBIMU
B Wang 1997 ypaBHEeHHAMN.

Hesns nHacroseit paboTbl — PACCIUTATH PAIUAIBHYIO U BEPTUKAIBHYIO CTPYKTYPY CTAI[HOHAPHO-
ro aKKPEIUOHHOTO JINCKa B OOIEM CJIyvdae HECOOCHOTO POTaTOpA.

Pa6Gora opranmsosana ciemyrommm obpasom. B pasnenax [2| u [4] Mmbr npusoaum Kparkumii 0630p
CYIIECTBYIONNX MOJIeJIell B3aMMOIENCTBUAS aKKPEIMOHHOTO JINCKA, M MArHUTHOTO IOJIsT M OIHACHIBA-
eM MOJIeJIi, KOTOPBIMU I0JIb3yeMcst B 910l pabore. OCHOBHbBIE ypaBHEHUs! BBIIUCAHBI B pasjese [3|
MbI KPATKO MCCIIEI0BAIN BO3MOYKHOCTH OTKJIOHEHUS YTJIOBOH CKOPOCTH BENIECTBA OT KEILIEPOBCKOI
B pasjeie ] YpaBHeHue 10 ¢-KOOpAMHATE, YIPABJISIONIEe [IEPEHOCOM YIJIOBOI'O MOMEHTA B JIUCKE,
pemieno B pasziede [0 a B paszese [7| npoanaan3npoBaH CleKTp OT AKKPEIMOHHOIO JUCKA. Y DABHEHUS
BEPTUKAJIBHON CTPYKTYDBI BBIIUCAHBI U PelieHbl B paszese 8 B ciemyromenm pasene [9 npoananusn-
posan npoduis aucka. Hakownery, B pazzese [10] moasoasarest urorn paboThl 1 CyMMUDYIOTCSI OCHOBHBIE
pe3yJIbTaThI.



2 Mopaenp aucka

Berogty jasiee B pabore UCIOJIb3YeTCsl UJINHJIPUIECKast CHCTeMa KOOPIUHAT (T, ¢, 2).

Cy1iecTByeT HECKOJIBKO TIOXO0/I0B K OIMCAHUIO TYPOYJIEHTHOIO MEXaHW3Ma MePEHOCa YIJIOBOTO
MOMEHTa B aKKPEIMOHHBIX JTUcKax. MOoKHO BBeCTH HEKOTOPBIH 3 deKTuBHbII KO3 duimentT — “Ko-
s durnmerT TypOyICHTHON BA3ZKOCTH Uy, & YPABHEHUS JIBUZKEHU JIJIS BEIECTBa, 3aIlIUChIBATD C 3TUM
KO3 PHUITUEHTOM BA3KOCTH OOBITHBIM 00Pa30oM, OYIATO JjId JaMUHAPHOIO IMOTOKa. B TakoM mojxojie,
OJIHAKO, HEIOHATHO, IIOYEMY ITOTOK C Pa3BUTO TYpOYIEHTHOCTHIO MOMKHO 3aMEHUTH JIAMUHAPHBIM,
[IPOCTO BBEJId €IMHCTBEHHbIN P derTuBnblii Ko3bduiment. C Apyroit CTOPOHBI, €C/IU AKKYPATHO
BBECTH NOHATHE TEH30Pa BA3KUX HaupsKeHuil W.,, MOXKHO HOIyIUTh YPAaBHEHUS /71 TYPOYI€THOTO
[IEPEHOCa YIJIOBOIO MOMEHTa, COBIIAIAIOININE 110 BULY C yPABHEHUAME JJIs JTJAMUHAPHOTO JBUKEHUST
(em. 0630p Balbus & Hawley 1998 [13| miast meranbroro obcyzKaenus). st craHIapTHOTO JIUCKA,
HaIIpUMep, IOJIydaeTcs obbraHoe ypasuenue (3mak W, usmenen no cpasnenuto ¢ Balbus & Hawley
1998, uTobbI ypaBHEHHE COBIAANO0 ¢ ypaBHeHueMm u3 crarbu Shakura & Sunyaev 1973 [18]):

%7‘29(7’) + W,yr® = const. (2.1)
27

B »10i1 pabore MBI cTapaJch He HCIOJIb30BATh IMOHATHE “KOIMMUIINEHT BI3KOCTH U OIEepPH-
poBaTh TOJILKO TOHATHEM ‘TEH30p BA3KHUX HAIPSXKEHU’, TOCKOJIBKY TaKO# IMOJIX0J KaykeTcst DoJiee
dusmIecKn 060CHOBAHHDBIM.

B macrosimieit pabore B KauecTBe MOJIE/M aKKPEITMOHHOTO JINCKA U €r0 B3aUMOJIEHCTBUS ¢ MATHUT-
HBIM TI0JIeM [IPUHUMAETCs MOJIeJib, IpeioxkenHas B crarbe KluZniak & Rappaport 2007 [19] (masee
— KRO7) u momudunuposannasi HamMu JIJIst CIydasi HAKJIOHEHHONO MArHUTHOIO POTaTOpa. AKKpeIy-
OHHBIN JINCK — CTaIlMOHAPHBIN U IeOMETPUICCKU TOHKHUI, ONTHYECKU TOJICTBHIN ajibda-auck. Beren
3a KRO7 MBI Ipeao oK/, 9To CyIecTBYeT HeKOTOPbI BHYTPEHHUI paJinyc BSI3KOI0 aKKPEINOH-
HOI'O JIUCKa T(, H& KOTOPOM OOHYyJIAeTcd TeH30p BA3KUX Hanpszxkenuit W, . IIpu sTom B nepexo/iHoi
30HE Ry < 1 < 1o BA3KHE HAIPAKEHUs OTCYTCTBYIOT, U JIBUKEHUE BENIECTBA YIIPABIAETCA TOJIHKO
9JIEKTPOMArHUTHBIME CUJIAMU. 371eCh 38 R, 0003Ha1UeH MakcuMyMm u3 pajuyca H3 Ry m paamyca
rocjeHell yeroianBoit opouTsl Risco:

Rmax - max(Rsv RISCO)7 (22)

a paJInyc MocJIeHell yCTORIuBO OpOUThI Rigco HAXOMICA U3 Ipe/iiosioxkenns o reomerpun [IBapir-
MUIbIA:

6G M,
RISCO = T (23)
Od4eBuiHO, YTO BHYTPEHHHUI PaJINyC AUCKa HE MOKeT OBITH MeHbIe Hu paguyca H3 Rys, HE pa-
JIyca TOCJIeIHe yeToianBoil opouTsl Risco. Ecmu npeamnonokuTh, 9T0 yIyioBas CKOPOCTh BeIecTBa
B IIEPEXOHON 30HE IVIAIKO CIIUBACTCHA C YIJIOBOU CKOPOCTBIO BEIECTBA BA3KOI'O JIUCKA POBHO B TOYKE
r = 7, MOKHO HaTH KaK Mpoduib yriIoBOi CKOPOCTHU B IIEPEXOJIHO 30He Qtrans(r), TaK U IIOJIOYKEHUE
pajimyca obpe3aHus BA3KOI'O JINCKA rg. BHYTpeHHUi pajuyc JTUCKa 1y, CIUTAJICT PABHBIM

Tin = Max(Rmax, T0)- (2.4)

EC.HI/I MaIrHUTHOE€ I10JI€ BHYTPH U BHE JIUCKa 3a/aHO, TO, aHaJIOTUYIHO YPaBHECHUIO , MOXKHO Haii-
TH pacipejiesieHne BA3KNX HAIPAKEHUN B JUCKe, He Tpuderas O0JIbIle HU K KAaKUM TTPEIITOI0KEHUSIM
(em. pasnen [6)).

Crenyst KRO7, MBI camTaeM, 9TO BCsl 9HEPIHUsl, BBIIESIONASCA B JUCKE KaK TEIUIO, BBIIEJISAETCS
3a cuyer BA3KUX CHJI. JIPKOYJIeBO TeIio He BKJIIOYEHO B MOJIEJNb, [TOCKOJIBKY HET TOYHBIX MOJIeJIeil
[POBOJIMMOCTH TIA3Mbl B aKKDPEIHOHHBIX JMCcKax. [JoMUMO 9TOro HesICHO, KakKas J0Jisl JKOYJIeBa
Teruta JIeficTBUTE/ILHO BBICBOOOXKIAETCS B JIUCKE, a KaKasi — II0CPEJICTBOM HETEILJIOBBIX [IPOIECCOB Ha/l



nuckoM. Tak Kak B IPpUHATOH Moiesn nepexonnoit 3one W, = 0, 6b1710 perreno He HAXOAUTD TPOPUITH
YIJIOBOH CKOPOCTHU BEIeCTBa B MEPEXOMHOM 30He (ians(7), MOCKOIBKY HEsICHO, KaKhe MPHJIOXKEHMs
OyIyT y TaKoro pe3y/jbraTa — KPacHBOI'O U, YTO 3aMedaTe/IbHO, aHATUTUIECKOrO.

st paccueTa BEPTUKAJIBHON CTPTYKTYPBI IPUHUMAETCS Q-TIapaMeTpH3alius TeH30Pa BI3KUX Ha-
npskennit (Shakura 1972 20|, Shakura & Sunyaev 1973 [18]), nupudem a-napamerp dburypupyer B
YPaBHEHHAX KaK CBOOOTHBIHN ITapaMeTp 3a/1a9i, TO €CTh CTPYKTYPa MAarHUTHOTO TIOJIS He yINTHIBAETCS
CaMOCOTJIACOBAHHO C MOJIETBIO TYPOYJIEHTHOCTH B JINCKE.

Bwmecto camocoriacoBannoro MI'I-miogxo/ia /11t HaXoK/1eHUsT MATHUTHOTO MTOJIS B aKKPEITMOHHOM
JcKe (Takoii 1ojIXo/] IpUMeHsieTcs, HanpuMep, B ke crareii Naso & Miller 2010, 2011 7], [8],
Naso et al. 2013 [21]|) mbI BbIOpasu jBe GU3NIECKH OMpPABIAHHBIE MOJEJN MATHUTHOTO TIOJIsI, U
ypaBHEHUs JIBUZKEHUSI BEIeCTBa MCCJIe0BAINCH “Ha (oHe” 3aaHHBIX MAarHUTHBIX IIOJIEH.



3 OcHoBHBIE ypaBHEHUS

Sanumem YpaBHEHUA JABU2KEHUA [Jigd BeEIleCTBa B JIUCKE. ypaBHeHI/IG Hasre-Crokca ¢ ydqeTrom
MAarHUTHOI'O IIOJIA:

— V= —— P+ — —(BV)B — -V®, + N )

T + (VV)v pv( + SW) + 47Tp( V) pv s+ N, (3.5)
rie 5 5
B 1_ 1 Wiy  Weg Ow,,
PN ror (rwe) + r 0¢ r + 0z’ (3:6)
. 10 2 1 8w¢¢ 8w¢z

PNy i (rwee) 96 5, (3.7)
pN, = ;E(rwzr) 9 Ep (3.8)

31ech w — yAeIbHBII TEH30D BA3KUX HalpsaxKeHnit, $, — rpaBUTaIMOHHBIN IIOTEHIHAI IICHTPAIBHOM
3Be3/Ibl (MBI IpEeHEOperaeM caMorpaBUTAIed THCKA):

o, = _%_ (3.9)
V24 22
Jlnst ToHKOTO McKa NI T ¢-KOMITOHeHTa TeH3opa BaxkHa (Kato et al. 2008 [22]), u B ypaBHeHmsIX
JIBUZKEHUA MBI COXPaHUM TOJILKO €e.
YpaBHeHue HEPa3PHIBHOCTH:

6 . —
S div(p?)) = 0. (3.10)
ot

Paccmorpum cityuait crarmonapHoit akkperun. Tora g—? = 0 u npoeknuu ypaBHeHuss Hasbe-

Crokca Ha ocu (1, ¢, 2) MUIHHIPUIECKON CHCTEMe KOOD/INHAT:

( v3 10 B2 1 L. GM
¢ - s
Vo, — 2 =22 (P42} 4 (BV)B - 2,
(V) r por ( * 87r) * 47rp6 (BV) r2
v 10 B? 10 R
(UV)U¢+ 7“¢ ——ra—¢ <P+8_7T> +;E(T2U}r¢)+ﬂ6¢'(BV)B, (311)
10 B2 1 GM, 1 . - =

| (FV)e —;&( @)—; 2T g, (BY)

Jlajiee MBI 110 OYepe I PACCMOTPUM KazKJ10€ U3 3TUX ypaBHeHUil. [[0CKOIbKY MBI IpUHSIIN TTPEIIo-
JIOZKEHME O aKCUAJbHON CUMMETPHUHU CUCTEMbI, KarK/I0€ U3 ITUX yPaBHEHUI HAJI0 Oy/IeT YCPEJIHUTD 110
A3UMYTAJIHLHOMY YTUIy ¢. lJisd MpOU3BOJILHOM BEJIMYMHBI X, 3aBUCAIICH OT KOOP/IMHAT, MBI OIIPEJIEIIsieM
YCP€e/IHEHNE TI0 a3MyTaJbHOMY YTJIy CJIETYIOIIM 00pa3oM:

1 2m

2 Jo

Takast mporieypa ompasiaHa, IMOCKOJIbKY mepuot Bpaienus H3 MHOTO MeHbIlle BpeMeH yCTaHOB-
JIEHUsI PABHOBECUsI B JIUCKE U 110 BEPTUKAJM, U IO PAJUycy. ¥ paBHEHHE 10 (P-KOOpJIMHATE MBI eIlle

IIPOUHTETrPUPYEM 110 ocH z. Jj1s1 3TOro HaM HaJIO ¢/ie/1IaTh KOHKPETHBIE TIPEJIITOI0KEHN O CTPYKTYPe
MarHUTHOTO TI0JIs, YeEMY M TIOCBSIIIEH CJIEIYIONNII pa3jien.

x(r, ¢, z)de. (3.12)

(T)2r



4 MaramurTHoe I110Jie

4.1 (O0Oo3HaYeHUd

Mpbr mpunnMaeM Mojiestb cucteMbl H3 ¢ aKKpernmoHHbIM JIMCKOM, B KOTOPO# och BparieHus H3
COHAIIPABJIEHA C OChI0 AKKPEINUOHHOro Jucka. OnpaBjanue 3TOMY — YIPOIIEHUE PacdeToB, HO 3a-
METHM, UTO B PEaJbHOCTU 9TO MOXKeT ObITh He Tak. BBejem obo3HadeHume: mycTb [ — yroJ MEeXKIy
ocsimu Bparieans H3 n nucka. MarauTHble HaIpsKEHUsT B JIUCKE CTPEMSITCS M30THYTh BHYTPEHHEE
YacTH JIUCKa U ycTpeMuTh 3 — /2 B ciaydae cos? 8 > 1/3 (mam ciayuait f = 0 Kak pa3 Takoii) uiu
yerpemuth 3 — 0 B ciyqae cos? 8 < 1/3. (em. Lipunov & Shakura 1980 [23] u Lai 1999 [24] mra
0630pa 00IIero ciryvast ¢ MPOU3BOJIbHBIM HABEJCHHBIM MAIHUTHBIM T10JIeM U cChLIKE TaM). C npyroii
CTOPOHBI, MArHUTHBIN 3 derT bapauna-Ilerepcona Beerga cTpeMuUTCs BHIDOBHATEH BEKTOPHI YTJIOBBIX
ckopocreit H3 n akkperonnoro aucka (Lai 1999 [24]).

B paBore Romanova et al. 2021 [25] aBTopbI YnCI€HHO TPOMOJIETUPOBAJIH IBOJIONUIO JINCKA BO-
KpyT 3aMarHUYIeHHO 3Be3/Ibl C HECOHAIIPABJIEHHBIMIA BEKTOPAMHU MAIHUTHOTO MOMEHTA, [i,,, YTJIOBOI
CKOPOCTH BpAIIEHHUS Wy ¥ MOMEHTA UMIIYJIbCa JUCKA, I,. VI3 ux pacdeToB CJIEyeT, ITO €CJIU MATrHHUT-
HOe TI0Jie ¢J1ab0 MPOHUKAET B JUCK, TO Ws U I, JeHCTBUTEIBHO CTPEMSITCS BBIPOBHATBLCS, HO, €CJIU
MarHUTHOE T0JI€ CHJIBHO B3aUMOJIEHCTBYET C JIMCKOM, TO YTOJ MEXKIY Wy W I; MoeT GbITb paBeH
30° — 40° nmaxke 4depes3 OOJIBIIOE BpeMs II0C/Ie HadaJla CUMYJIAu. B Hameit paboTe mpe/irnosioxKenne
o 8 = 0 Tpebyercs /i YIIPOIIEHNUsT BbITUCICHUI.

B nacrosimeit pabore HCIOJIB3YIOTCS Ceayione 0bo3Hadenns. Pagmyc KopoTaiun — 3TO PacCcTo-
siHUE, Ha, KOTOPOM KeILIEPOBCKAas YIJIOBas CKOPOCTb PaBHA yIJIOBO# ckopocTu BpareHus H3:

GMN\
- (%) (4.13)

rie () — yroBas cKOpocTh BpameHnus: H3.
XapaKTepHbI paJinyc MaruuTocgepbl, KOTOPBI MBI B JIaJIbHEIIIEM Oy/IeM Ha3bIBaTh aJIb(BEHOB-

CKHUM PaJuyCoOM: /
2 2/7
ro = (“—m> , (4.14)
M /G,
rne M — remu akkperun, M, — macca H3, by, — MaTHUTHBIN JUIIOJIBHBIN MoMenT H3, cMm. magee.
[TapameTp OBICTPOTHI W OIpejie/ieH Kak OTHOIIEHHe yriaoBoii ckopoctu H3 ) K KerepoBcKoii

YIJIOBOI CKOPOCTHU Ha PACCTOSAHUU Tq:
Q ro \ >/
w=—2 = (—0) : (4.15)
Q0 Te

Canenysa KRO7, onpesiesium mapamerp & Kak

TG/
E=—. (4.16)
TC
DTOT MmapaMerp 3aBUCUT TOJHKO OT TeMIIa aKKPEIUu, KOTOPhIil B Haleil padbore (burypupyer Kak
BHEITHMIT TTapameTp, u xapakrepuctuk H3. Jlsg Hero crpase/ijinBa oreHka:

4/7 30 r—2/7 3 r—10/21 £2/3
£ = 0-39N2é M17/ My, / 2({0> (4.17)

rJle TIApaMeTphl HOPMUPOBAHBI Ha CBOU XapPAKTEPHBIC SHAYCHWUS: [log = flm/ (10%° T'c - em?), My, =
M/(10'7 v/c), M4 = M/1.4Mg, f — gacrora pamenus H3: fogo = f/(200 T'ni). Besne nanee B
9TO# paboTe, ecin He yKa3aHO WHOe, cantaercs, 910 My, = 1, fogg = 1.



4.2 Moaenan MarHUTHOTO IIOJISI

B macrosieit pabore MarauuTHOE 10JI€ BHYTPU U OKOJIO JUCKA — 3TO JACTHIHO SKPAHUPOBAHHOE
JIUTIOJIbHOE MArHUTHOE I0Jie OT HEHTPOHHOMN 3BE3/Ibl ¢ MArHUTHBIM MOMEHTOM [i,,, HAKJOHEHHBIM K
ocu Bpamenuss H3 mox yriiom Y. Ha moepxnocTn mucka muHamo-adhekraMu 3a cdeT yBI€UEeHUs
MarHUTHBIX CUJIOBBIX JIMHUI BEIECTBOM HAaBOJIUTCS TOPOUIAIbHOE II0JIE:

é = UGLENS + 625 . b¢, (4.18)

3([ln) — [
rd ’

Bys = (4.19)

371ech Ngr, — 9T0 KO3 DUIMEHT SKPAHUPOBKU. Takoil MO/X0/1 OIpaBIaH pacdeTaMéd B CTAThe
Ghosh & Lamb 1979a [1|. ABTOpBI yUUTHIBAIOT, MATHITHOE IOJI€ MOKET YACTUIHO SKPAHUPOBATCS
3a CYEeT TOKOB, KOTOPBIE TEKYT B IEPEXOJ/IHON 30HE, M HAXOJAT OINEHKY: IOJE OKOJO JUCKA DABHO
JIUTIOJIBHOMY TIOJTI0, KOTOpoe ObLIO ObI B 9TO#l TOUKe, ocjabjennoe npumepHo B 5 pas. Cienya GL,
Nqr, TpuHUMaeTcs paBabiM 0.2 BO Beeil pabore.

Pasznble Mozenn 114 HaBeJeHHOTO HOMA by 00CYKIatoTCA JaJlee.

B mmnunapuaeckux KoopanHaTaxX KOMIIOHEHTHI 9KPAHUPOBAHHOIO JTUIIOJIBHOIO MATHUTHOTO TIOJIsT
H3 okoso mmockoctn z = () paBHBI:

B, = 2naLb% sin x cos ¢,
B¢o = UGL’;—? sin y sin @, (4.20)
B, = —naL% cos x.

Hizxe mam HOH&,H,O6I/ITCH enie KBaJapaT MOAYJIsA MalrHUTHOI'O I10JI4, KOTOprfI JICTKO BBIYUCJ/IUTH KaK

B? = (B B):
2
B2 = B (35in? y cos? ¢ + 1) + 2Byoby + B2, (4.21)
T

Bsejiem jiBe mapaMeTpusaiun MarHuTHOTO 10Jsd. J[jis HarIsTHOCTH BBIBOJIA BOCIIOJIb3YeMCsl ITPUH-
[IATIOM YaCTUIHON “BMOPOXKEHHOCTH JIMHUM MarHUTHOIO II0JIs B BellecTBO B aucke. Jluck Bparaer-
ca auddepenmaabio, 60j1ee Toro, B pasjese [b| Oyaer 1mokasaHo, 9TO YIVIOBYIO CKOPOCTb BEIeCTBa
MOXKHO CUHTATh PaBHOI KeriepoBckoii. IIpencraBum m3HavaIbHO BEPTUKAIBHYIO CHJIOBYIO JTHHUIO
MarHUTHOTO TI0JII, BMOPOXKEHHYIO B JINCK. B Hava/JbHBIE MOMEHT BpEMEHH ‘pa3peniumM’ JHCKY Bpa-
maTbesd. JIMHUS 10U, cIe/lys 3a BEIIECTBOM, M30THETCsI, U TOSIBUTCS TOPOUIAIbHAS COCTABJISIONIA
MarHUTHOTO 10Jid. JIOMUYIHO TPEeIIoOKUTh, 9TO BEJMIUHA ITOTO I0JIsd, KaK M ero HallpaBJIeHue,
JIOJIZKHO OIPEIeIsIThCA YIJIOBOI CKOPOCTBIO TOYKH JIMCKa, B KOTOPYIO BMOPOXKEHa, JIMHUs, OTHOCH-
TeJTbHO HeHTPOHHO# 3Be3/bl. PucyHox (1| mosgcuser cienannbie paccyxKiaeHusd. Tak, MOTyduM, 4TO

by ~ B, (% — ), (4.22)

rae B, — mononnanbhoe (B IVIOCKOCTH 7' — Z) MAUHUTHOE IOJIE.

Ocobblit naTEpEC (CM. paszzen @ JIJIS HAC TPEJICTAaBIAET BUJL HABEJICHHOIO I10JIsI HA TTOBEPXHOCTH
JCKa (upper), Ha BHyTpeHHeM Kparo Jucka (inner) u BuyTpu jqucka (inside). Lai 1999 [24] nokazaur,
9TO JIO TeX TOp, MOKa IIPUCYTCTBYET HEHYJIEBOE 1MoJie B,, MOXKHO HE YIUTBHIBATH BKJIAJ] B HABEJICHHOE
1oJjie OT B;., MOCKOJIbKY 110 CPABHEHUIO C BKJIAJIOM OT BB, OH Oy/IeT MPONOPIINOHAJIEH MaJIOi BeJTMINHE —
OTHOCUTEJILHO} ToIIHHe JucKa z /1. Takum o6pa3oM, UMeeT CMBIC/I Ha TIOBEPXHOCTH JIUCKA 3aIHCAT:

BIPPT  B, - (Q — Q). (4.23)

Ha BHyTpeHHEM Ke Kparo JMCKa, eCJIU IPEJICTABATL ero KaK Pe3KUil BepTUKAJIbHBI Kpaii (4To,
pasymeercs, Henpas/al), BK/Ia/ B HABeJIEHHOE T10Jie aeT b B,. [lose BHyTpH JcKa MBI canTaeMm
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Puc. 1: JIunum MarHuTHOIO 10Jisl, BMOPOXKEHHBIE B BEIeCTBO aKKPEIMOHHOIO JKNCcKa. B HavaabHbINT
MOMEHT BPEMEHU JINHUK BePTUKAJIbHBI. BelecTBo B JIMCKe BpallaeTcs ¢ KEIJIEPOBOil yIJIOBOI CKOPO-
CTHIO, & B KOPOHE HaJl JIUCKOM — C YIJIOBOIl CKOPOCTBHIO 3Be3/1bl (). M3-3a pa3zHOCTH TUX CKOpPOCTEi
JINHUS BBITSTUBAETCSI, TEHEPUPYETCs TOPOUIajibHOe MarHuTHoe 1oJie. Ha pamuyce koporarmuu r, 3Tu
ckopoctu paBHbl: (2, = Qi (7.), M09TOMY HaBeJIEHHOE I0JIe PABHO HYJIIO HA PAJINyce KOPOTAIUU.

pasubM nyid| CyMMEpys Bee BBIIECKA3AMHOE, 3alliIIeM [Ba HEMHOTO PAa3/IMIaIoNIXCs BapHaHTa
TOro, KaK MOXKHO OIIPEJIe/INTh HaBeJeHHoe ToJie (M. Takxke Wang 1997 [16]):

bé, =9q-T <1 — %) B, inner, r= 1y, (4.24)
0, inside.

—I (1 — 37) B. upper, z = 2,
béf =94 <1 — Q—) B, inner, r = 1y, (4.25)
0, inside.

Baeck [' 910 KO3 PuUIMEHT TUHAMO TOPAIKA e IUHAIBL. [logdepKHeM, IT0 IpHUBeIeHHbIE BhIIIE BhIPa-
JKEHUsI — 9TO eIe He MOJIEIN T0JIdA, a JIUIIh apaMeTPU3aIii, U3 KOTOPBIX MOYKHO KOHCTPYHPOBATD
du3nIeCcKn orpaBIaHHbIe MOJIEJIH.

Wang 1995 pejjiaraeT TPU MOJIEJIN HaBEeJIEeHHOTO II0JIs, Pa3/IMIalonuecs MEeXaHu3MOM JIHC-
CUIIAIIIU MarHUTHOrO 1oJjsi. [Ipumem e Takume Moje/n U3 ero padoThl: MOJEIb, B KOTOPOH poOCT
B, KOMIIEHCHDYETCA JUCCHIAIMER M0/ U3-3a TyPOYJIETHOro IepeMelnnBanus B aAucke (Mbl Oymem

'Boob1e roBops, /I TOro, 4TOOBI IIOJAYYATH YPABHCHHHA JBMKEHHS TaK, KaK 3TO OYJIEeT CIEJaHO B pasjiesie @
HeobsA3aTeIbHO CUNTaTh by PABHBIM HYJIIO BHYTPHU JHUCKa. B 10BOIBHO 0OOIIEM Cilydyae HABEJIEHHOIO HO0JId €CTECTBEHHO
[PEJIIOIOKUTD, YTO by 3PKAILHO OTHOCHTEIBHO SKBATOPUAJBHOMN IIOCKOCTH, TO €CTb by(z) = —by(—2). Do mpen-
[TOJIOZKEHUE CJIe/IyeT U3 MHTEPIIPETAINH HHIYIIMPOBAHHOTO HOJIsI KaK M3ruba JIMHUNH MarHuTHOTO TIOJIs M3-3a UX BMOPO-
JKEHHOCTH B BelIeCTBO. B ypasHeHnsix paszeda 0] Mpr OyeM HHTErpupoBaTh ypaBHEHNE JBUKEHHS 110 2-KOOPAMHATE, I
TOTZR, MOIB3YSICh HETIETHOCTDIO by (2), MOKHO MOKa3aTh, UTO yPABHEHHs JBUKEHNS OCTAHYTCS TAKUMIU YK€, KK eCJIH
ObI HaBeJIEeHHOE ITOJIe BHYTPHU JIUCKA OBLIO ObI paBHO HYJIIO.
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HA3BIBATH 9Ty MOJIENb IPOCTO MOJIENbIO Muddy3un), n MoJesb, B KOTOPOil pocT By orpaHnten mnepe-
COeJIMHEHNEeM MATHUTHBIX JIMHUN CHADYIKH JINCKa (Takasi MOJEJb OyJIeT jiajiee HAa3bIBATHCS MOJIEIIBIO
[IePECOEIMHEHNS ) .

Mogens “nuddysun”’ npennosnaraer, 910 by = béf BO BCEM JiMalia3one paccroguuit. B crarbe
Bozzo et al. 2018 ( [17]) mosyueno anaauTHYecKoe BhIpazKeHHe JJisi 3aBIUCHMOCTH BHYTPEHHETO Kpast
BSI3KOTO JINCKA T'g OT Y B TAKOW MOJIEJIN, TaK 9TO Oy/leT MHTEPECHO CPABHUTDH WX PE3YJIbTATHI ¢ HAIIU-
MHI. DTa MOJIEJb XOPOIIa MO JIByM NpUYuHaM. Bo-TIepBBIX, OHA MIPOCTasi, MMOITOMY B JIAJILHEHIIIEM B
pabore /Il TIOJTyIeHns OOIBITMHCTBA AHAJTUTUICCKUX PE3YJIBTATOB MBI OyJIEM MOJIb30BATHCST NMEHHO
eif. Bo-BTOpBIX, HaBeJIEHHOE T0JIe B 9TO# MOJIe M OcTaeTcs KoHedHbIM 1pu r — 0. OjiHako, Takast
MO/JIe/Ib 00JIa/1aeT HEIPUATHBIM CBOHCTBOM: IIPH 1 — 00, |by| > | B,|. Ho b, He MoxKeT IpeBOCXOIUTDH
B,, tak Kak korga by cpaBHUBaeTcs ¢ B,, JIMHUM MArHUTHOIO II0JISI 1I€PE3AMBIKAIOTCS U YXOJAT Ha
6eckoneanocts (KRO7). To ecrs naBenentoe mose |by| He MOKET CHILHO IPEBOCXOIUTD 110 MOJLYJIIO
BEPTUKAJILHYIO KOMIIOHEHTY T10Jist | B, |.

B mogenu nepecoeunenus: (Wang 1995 [26]) yuurbiBarores npuBeieHHbIE BbIIIE COOOParKEHHUs.
Hageiennoe 1osie B 9Toi MOJIe/I TAKOBO:

béf r< T,

4.26
by, > (4.26)

by =

B Takoit Mojiesn uHIyIupoBaHHoe 1mojie Konedno u npu v — 0, u upu r — co. Ormernum, 9TO I
caydas Y = 0 KRO7 paccemorpesnu jiBe mojienu: Mojiesib ¢ I mapamerpusanueil BO BCeM IIPOCTPAHCTBE
U MOJIEJIb, COBIIAIAIONIYIO C MOJIEJIBIO IT€PECOe TMHEHNSI.
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5 BuaugHue MarHuTHOIO II0JiS HA YIJIOBYIO CKOPOCTD

Bee nepeunciennsie B pasgede [1.2] paGoTbl NIPUHUMAIN TUIOTE3Y O TOM, YTO MATHUTHOE II0JI€
cab0 BJIMsIET Ha JBUKEHUE BEIIECTBA, MO3TOMY YIVIOBYIO CKOPOCTH B JIMCKE MOYKHO BCIOJIY CUUTATDH
paBHOIT KeIriepoBCKOil ckopocTu. OIeHnM, HACKOJIBKO CIIPABETMBO TAKOE TIPEJIIIOJIOKEeHIEe. Y TJIOBO
CKOPOCTBIO “yrpasiisier” niepBoe ypasuenue B ([3.11)), ucciemayem ero.

Hnst sroro npenebpexkem wienamu (UV)v, U BCeMH BS3KUMU YJI€HAMHU, MOCKOJBKY OHU MAJIbl
10 CPABHEHMIO C OCTABIIUMUCSA B CTAHIAPTHONW MOJIEIN JUCKOBOI akKpemun. /leficTBUTENILHO: U, ~
avg(z/r)* < vg (cm., manpumep, Shakura et al., 1 rmasa, [27]), B To Bpems kax GM/r ~ v3 /T, a
MarHUTHBIMU YJjI€HaMHK Mbl Ha 9TOM 3Talle He IpeHedOperaeM B JitoOoOM ciaydae. [IpenedpeskeMm Takxke
LJTEHOM %—f B 9TOM ypaBHeHuu. [Ipeamoaraercs, 9To 3/1€Ch U JaJee ToJIe JaBJIeHNs U T0JIe CKOPOCTeil
0CECUMMETPUIHBI.

Hemuoro npeobpazosanuii:

L L OB, B, 0B,
= —|——

BQ
é.- (BV)B = (BV)B, — B- (BV)é, = B, L 9B D

or r 0 © 0z r

(5.27)

B sTux u nocjeayomux ypaBHEHUAX Mbl UCIIOJIb3YEM ITOJ00HBIE COOTHOIICHUS JIjI YIIPOIIEHUs BbI-
YUCJICHU:

0B, 3B,

5~ (5.28)
0B,

5 —2By, (5.29)
0B, 2 B,

Teneps yepemnnm ansar (5.27) mo asumyrtanabaoMmy yriay ¢ € [0, 27]. Hakowerr ¢ npe/iosiozxenuem,
910 (Byoby)2r = 0 (HaBemeHHOE TOPOUIATBHOE HOJIE HE KOPPEINPOBAHO C [IUIIOJIBHBIM TOPOUIATBHBIM
“oroM”) moJTyIaeM:

1 d
=0 2 Mot oy L4y (531)

DTO JIOBOJBLHO MHTEPECHBbIH pe3ysnbrar. Keim He yunThIBaTH HaBEJEHHOE ITIOJIe BHYTPHU JINCKA, TO
yIJIOBasi CKOPOCTD BCerjla MEeHbIIEe KeIlJIepOBCKOil. JleficTBUTEIbHO, IPaMeHT MArHUTHOTO JIABICHUS
V(B?/87) Beerja nanpasiieH K HeHTpY, K Touke r = (. Takas cuia Beerja JeficTByeT MpOTHBOIOION-
HO I'PABUTAIMOHHOMY TPUTS?KEHUIO U CTPEMUTCS YMEHBINTh YIJIOBYIO CKOPOCTh. B 0benx mMojiensx,
KOTOpBbIE MBI HCCJIEJlyeM B 3TOW paboTe, HaBEIEHHOE T0JI€ BHYTPHU JIMCKa PABHO HYJO, U Jid {2 u3
(5.31) cpasy ciemyer siBHOe BBIpazkenme. Eciu mosie BHyTpH IHCKa HEHYJIEBOE M MMEET, HAIPUMED,
pyHKIIMOHAIBHYIO 3aBUCHUMOCTH TaKylO, KaK HHIYIIMPOBAHHOE TI0JIe Ha MOBepXHOCTH, TO u3 (9.31))
csieioBasio 6bl Juddepenimantbaoe ypapaenne Ha ). 3aBUCUMOCTD by OT 1 BOJIU3U paJimyca KOpoTa-
[N HETPUBUAJBHA, W YIJIOBasi CKOPOCTb MOYKET CJIOXKHO 3aBHCETh OT PACCTOSHUS, OCOOEHHO KOTJIa
BHYTPEHHUI paJinyc IUCcKa OJM30K K pajuycy Koporaruu. VcceoBanne BIUSHUS TOPOUIATHLHOTO
UH/IYIIMPOBAHHOIO TI0JIS HA YIJIOBYIO CKOPOCTH JIMCKA, MPEJICTAB/IIeT UHTEpPEeC u OyJeT MPOBEJIEHO B
Oy/IyIIeM, HO BBIXOJIUT 38 PAMKHU STOH PabOTHI.
Onenum BTOpOIT wien B ypasuenunu (9.31)). PaccMoTpum cresyroriee BbpazkeHue:

o 2 pin Ve

== . 5.32
Arpr™  rdwpzV,r (5:32)
B paMKax cTaHJapTHOIO JMCKa CHPaBeInBa OlCHKA:
2\ 2
V, ~ aV, (-) . (5.33)
r
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C yuerom M = 47r?pzV, nonyaaem:

2

P 2 (r—“>7/2a (5>3. (5.34)

Ampr? r r

[Moxcrasiss B onenky z/r = 0.05, ngr, = 0.2, @ = 0.1, nomyanm:
2

Fim 2\? (e - 1,53 7/3 (Te\ /2
A prT ~ Qi X 57/2@ (;) (7) ~ Qi x 10 6#%6M171M1.4/ 20/0 <?> . (5.35)

OxonvaresibHo u3 ypapuernit ((5.31), [IOJIy YaeM:

A _ 1253 27/3 (Te\/?
(Q—k) ~ 1= 5107 N M A () (5.36)

Tlnst Temia akkpenun Mi; = 1, HampuMep, MOXKHO CUUTATH CKOPOCTb PABHOI KEIUIEPOBCKOMH BCIOLY
B JICKe IPUOIUZUTENLHO IS fog < 3 - 103, Ijist moast jigg = 1 CKOPOCTH KeILepoBa JIIs TeMIIOB
akkperma M > 10M 1/c.

B pabore Campbell 1992 [6] aBrop obocroBas npubinKkenue §) /2 () TeM, YTO OTHOCHTEIbHOE
OTJINYKE STUX YIJIOBBIX CKOPOCTEH OyJeT IpornopuuoHagbto cremnenn (z/r)" n > 1. OqHako Mbl BU-
JIIM, 9TO JJI OU€Hb OOJILITMX MAarHUTHBIX moJieil () ormyaerca ot €2y, HeemoTpst na 310, HacTosImasn
paboTa He CTaBUT I UCCJIeI0BaTh M MEKThI BIUSHUS MArHUTHOIO II0JIsSI HA CKOPOCTDH BEIECTBA,
U MBI OyJIeM IIPEJIII0JIAaraTh, 9TO PA3HOCTh MaJsa BCIOIY Ha 1 € [rg, +00] u Be3ze masee ) = ().
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6 Ilepenoc yrjioBoro MoMeHTa

6.1 VYder HaBeIeHHOTO TOPOMAAJILHOTO MATrHUTHOTO ITIOJIS

B stom paszese Mbl 110JipoObHO 06Cy UM BTOpoe ypaBHenue B (13.11) u To, Kak MarHuTHOE I0JIe
BJIUSAET HA XapaKTep MepeHoca yrJIOBOTO MOMEHTA.
Packpoem 1mponsBojiHyIO 110 HAIIPABJIEHHIO:

L s 3 = s OB, BB, OB, ByB,
- (BV)B=(BV)B,—B-(B =B —+— B, =
6¢ ( V) ( V) 1) ( V)€¢ 87“ + , 8§Z5 + 82 + ,

— %4_ % B¢B,~+1£B_3)
" or © 0z r rop 2

(6.37)

TeHepb C TeMH 2Ke IIPEeJITIOJIOKEeHUAMM J1JIA ¢-KOMHOH€HTBI YpaBHEHUA (aKCHaHBHaH CUMMETpud

IOJIsT CKOPOCTER U MAJIOCTh U, /Vy) ¢ yaeroM ((6.37]) momyaaem u3 (3.11):

d 1 B B
prV,—— = e (r*wye) + = (B¢Br7“ + TQBTQ + 7‘2BZQ> —

or 0z
0 B - B2

13 ypaBHeHnsT HePA3PLIBHOCTH C IPEIIOTIOKEHIAMHE |U,,| < |y (KBa3U-CTAHIAPTHBIN F€OMETPHIECKH
TouKnil 1uck) and v, < v, (6€3 3aMETHBIX BEPTHKAIBHBIX TE€UEHHI):

: M
/ pru,.dz = const = —5 (6.39)

Teneps npounrerpupyem yp. (6.38) mo z-koopaunare. Bmecre ¢ yp. (6.39) u yrBep:kieHuem, 94to
BCE KOMIIOHEHTHI MArHUTHOIO MOJIsI HE 3aBUCAT OT 2 BOIU3M ILIOCKOCTH 2 = (), 9TO 1aer:

M d d ) B* - B3
2 %0 = Lewy) —2a0 L (P =22
o ar V) = g (W) Zra¢( L

1 0B
o {22 (T2Br—ar¢ + TBTB¢> + r’B.By|” } . (6.40)
OTmernM, 9TO, HauMHAsg ¢ 3TOro ypasHenusd, P, B,, B, — 9T0 He JIOKaJIbHbIE JaBI€HIE U KOMIIOHEHTHI
MarHUTHOI'O II0JId, a HEKHE BEJIMYUHbI, YCPEAHCHHDbIC II0 TOJIIIUHE JHUCKA.

Bamernm, at0 Byo|” . = 0 m by|” = 20by|,. Teneps ycpemmnm yp. (6.40) mo ¢ € [0,27]. C

oueBUAHBIM cooTHOIIEHNnEM (ByB,)or = 0 mosyanm:

dr dr or

B BazkHom gacTHOM CJIyda€ OTCYTCTBHA BCAKOI'O HAaBEJICHHOI'O MarHUTHOI'O IIOJIA 9TO ypaBHEHUE

. dQr? d
~ME —or LW + 57“2(3,, (rﬁ + 1) bg)om + 12 (B0 )ar. (6.41)

cranoBuTcs o0braHbIM ypaBHeHueMm lllakypo-CronsieBa 171 miepeHoca yrjioBOro MOMEHTa. 3aMETUM,
9TO 9TO ypaBHEHHe CJerKa OTIndaeTcst or ypasHeHusi 6 B pabore Wang 1997 [16|, mockoibky B
YIOMSHYTOI paboTe IMPHU BBIBOJE YPABHEHUS MPEJIINO/Iaraaach COJIEHONIATLHOCTD MAIHUTHOTO TIOJIS.
MarauTHOe 10J1€, pasymMmeercs, 00g3aHO OBITH COJIEHOUIAJILHBIM, HO B pabore Wang 1997, kak u B
Harreit pabore, divB # 0 Ha BHyTpeHHeM pajimyce. Mbl pEeImin He UCIOJIb30BaTh YCJIOBUE COJIe-
HOUJAJIbHOCTU MAaIl'HUTHOI'O IIOJIA W IIOJIYYIWJIM YPpaBHEHUE, OTJIMYalolleecd JIMIIb 9JICHOM IIpU MaJiOM
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napametrpe z/r. Takum 06pasomM, pasandme B IMOXOIAX, UCIOIb3YIONIX UIN He UCIOJIb3YIONIIX YCII0-
BHU€e COJIEHOMJIAJLHOCTH, HECYIECTBEHHO JIJIsl Y4JIEHOB HYJIEBOTO HOpsKa 1o (z/r). Anagorndnas cu-
Tyalus OyJIeT U IIPU TIOJIyYeHUH YPABHEHUs JJIsl [OJIOKEHUsT BHY TPEHHEro pajmyca (CM. CJIe Ly Onui

naparpad).
Hanbueitmmit anaams 6e3 KOHKPeTU3allul HaBeJeHHOro 110JId by 3aTpy/IHeH.

6.2 BayTpeHHnii paamyc BI3KOI'o JNCKa

Tenepn, pabortas B pamkax Mmojeseil uddy3un u nepecoeMHEHNsI, BbIBEJIEM BbIPAYKEHUS JIJIsi
3aBUCUMOCTH BHYTPEHHErO paJinyca T OT IapaMeTpPOB CUCTeMbl — OT napamerpa & = 1,/7.. s
sToro 3anuiiem ypasaerue ((6.41]) Ha BHyTpeHHEM pajinyce Bs3KOTO JUCKA.

[Ipusenem mpumMep MOIPOOHOrO pacueTa Jist HaBeeHHOro moJs B ciaydae 11 (caywait I pacemar-
puBaeTcst aHaIOru4IHO). MHTepecHo uccnenosarh ciaydaii I1, mockoabKy UMEHHO OH OBLIT HCCJIEI0BAH
Bozzo et al. 2018 [17]). Ncnonb3yeM HEKOTOpBIE BCIOMOIaTe/IbHbIE BBIK/IAIKHI:

0 Q. B, Q,
T2V =32 (1- 42
87“( Qk) " 3r< QQk)’ (6.42)

o) 19,
<Br (TE + 1) b¢>2ﬂ— = (éQ—k — 2) <B7%>2ﬂ-

[Tocneanee ciaraemoe B ypasuenun ((6.41) — sro

1 Q o0 12
- ( - 2) 206 m 2y (6.43)

§Qk(r0) rS

To

Q 2 2
(B.BPPT )y = —T (1 - Q—) TeLlm ooq2 . (6.44)
k

Hakomer, ypaBHeHue mepeHoca yrjioBOrO0 MOMEHTa, NPUMEHEHHOE Ha BHYTPEHHEM Kpalo JIICKa
(catyuait IT), BeiaguT coepyromumm o0pasoM (31ech u jajee zg = z(rg) — HOJIYTOJIIMHA JIUCKA HA
BHYTPEHHEM KPalo):

- dQr?
- M
dr

d
= 277%(7“2WT¢)

2
o QS > 2 . ( QS )}

+ e— —1)cos"xy+ — —411, 6.45

T KQk(TO) 0 \ (o) (6:45)

T0

1 TO Ke ypaBHeHue B ciydae I

- dr?

d
- M
dr

dr

= 21— (r*W,)

2
[ Q,(ro) 2. 20 Q(ro)
— 1-— — (4 - . 4
+67"3 K 0. )cos X+r0 7 0. (6.46)

T0 T0

Bnech BBesieno obosnadenue € = I'nd; . Tenepn, cremys KRO7, onpeennm nosiozkenue BHy TpeHHe-
ro Kpag BA3KOIo JIUCKa g, rje W, = 0. Hanomunaem, npejiosaraercd, 4To CyIIeCTBYeT HEKOTOPasd
HepexoJiHas 30Ha MEXKIY [imax U 19 B KoTopoit W, = 0, npudeM yriosas CKOPOCTb B 9TOM PeruoHe
[VIAJIKO CINIBAETCS C KEIIEPOBCKON CKOPOCTHIO Ha 1 = 7. Torja, ncnoyib3ys

d Qk(ro)To
dr ( ET ) e 9 ) ( )
nojry4yaeM, Kak mpejes ypasaenuii (6.45) u (6.46|) opu r — ro — 0:
- Q) 2 1 1
M (;TO = ei—g‘ {(1 — ;) cos® x + i—2(4 — 7;) sin? x| , corywait (6.48)
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M -
2 Té

Bespazmepnas 3ammch 3TUX ypaBHEHUN TaKOBa:

. Q 2
070 _ Hm {(1 —w)cos?® x + @(4 — w) sin? X} , carydait 11 (6.49)
To

1
5= €€7/2y10/3 {(1 —w)cos? x + i—2(7 — 4w) sin® X] , caydait (6.50)
1
3= 7?3 {(1 —w)cos® x + i—z(él — w) sin? X} , carydait 11 (6.51)

Taxum obpasoM, B qudOy3nOHHON MOJEIN U MOJIE/H IIePecOeIMHEeHN BHYTPEHHUI Painyc Bs3-
KOT'O JINCKA OMPEIE/ISeTCs CIeIyIomuM 00pa3oM (cM. puc. [2)):

perenne s ciaydas [1 — B Mojiesn udy3un,

ro = pemenue s caydas 11, ecou ry < r, (6.52)
— B MOJICJIU [IEPECOCTMHEHNS.
perienne s caydas I, ecom 19 > 1,

OTrmeTnM, 9TO KaxKJi0e U3 3TUX YPaBHEHUN MMepexoIaT B cooTBeTcTBYOMuMe ypasuenus KRO7 mis
‘'model I” u 'model IT" npu xy — 0. Ilpu 3TOoM Her coryiacust ¢ BbIpaKeHUSIMU, BbIBeJICHHBIMU Bozzo
et al. 2018 |17], mocKOIBKY ABTOPHI MOJH30BAJIUCH BBIPAZKEHIEM divB = 0, 9TO XOTb U fABJIACTCA
3aKOHOM IIPUPOJIbI, HO HEBEePHO Ha BHYTPEHHEM Kpalo © = ry B mapamerpusarun Bozzo et al. Mbr xke
He MpHUOeTaIn K YCIOBUIO COTEHONIATHBHOCTH MAarHITHOTO TIOJISA, TIO9TOMY ITOJTY IHJIH JIPYTHe YNCTIOBbIE
KO(DDUIMEHTHI B CJIAraeMOM, [IPOMOPIMOHAIBHOM 2o /7. CpaBHUM ypaBHeHUe n ypasuenue 2()
B Bozzo et al. 2018. Koadbdurmentsr B KBaIpaTHBIX CKOOKAX, ITOJIYUYeHHbIE B 9TOI padoTe, 1 B pabore
Bozzo et al. TakoBbr:

(1 —w)cos® x + (4 —w)sin®x  —B 9r0ii pabore, (6.53)
(1 —w)cos? x + (8 — 5w)sin® x  —B Bozzo et al.
B cuity Toro, 4o oTHOIIEHUE 2o /19 MO (IIPUHATA MOJIEIH TOHKOTO JINCKA, JaJIbHEHIIIe PacieThl
OIIPABJIBIBAIOT ITO TIPEJINOJIOKEHUE ), BTOPOE CJIaraeMoe BaXKHO TOJIBKO IIpHU yriiax, osm3kux K 90°.
Ha npumepe mojenu quddysnn KpaTkKo U3Yy9IUM CBOHCTBaA 7y KakK (pyHKIUH & C mapaMeTpaMu
a =sinx? u § = 29/ro < 1. lepenmumenm ypasuenue (6.51)) B cieayiomem Bue:

1

Waﬂ/?) =1—a(l—46) —w(l —a(l —d)) (6.54)

[TockoIbKY cJieBa — OBICTPO pacTyIas cTeneHHas QyHKIMsI, & CipaBa — JUHeNHO yOobiBaiomas (s
a(l — dy) < 1) u3 monoxkuresnproro 3uadenns (s a(l — 46y) < 1) dynkmus, nx rpadukn Beerma
[EPECEKAIOTCS TJe-TO MEXKIY W = 0 U Wepit:

1 —(1(1 —50)

1—a(l—d)’ (0:59)

Werit =
TO €CTb YpaBHEHUE BcCerJga uMeeT permeHue, IpuToM €JIMHCTBECHHOE.

OrMernM, 9YTO MHOIHE JPYrue XapaKTePUCTUKK STON0 YPaBHEHHUST MOI'YT ObITh MTOJIyYEHbI aHAJIU-
THUYECKU. HaHpI/IMep, IIOMHUMO ACHUMIITOTHYECKOI'O 3HaAYCHUA Wep;r MOXKHO BBIBECTU BbIpazKeHue JIJId
HOJIOKEHUST TOUKK OudypKaluu, B KOTOPOH KpuBble w({) NP PA3JIMIHBIX YIJIAX CXOAATCA B OJHY
TOUKY. ABTOP KaeTcs: eMy He yJIaJa0Ch IPUAYMaTh, KaKoil (DU3NIeCKUl CMBICI MOXKHO HPHUIUCATD
Takoii Touke. [1o 910l mpuInHe COOTBETCTBYIOINEE BhIPAYKEHNE HE PUBOJIATCS.
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for diffusion model for reconnection model

\ o
\ — 0
\\ e 30°
\\ — 60°
\ 75°

90°

1071 100 1071 100

1/& 1/€

Puc. 2: 3aBucumocTh paccTosinust 0 Kpas BSI3KOTO JMCKA 7'g B eIMHUIAX PAINyca KOPOTAIUU OT
napamerpa 1/¢ oc M?/ 7u;14/ " s Mozesn iucbdysun mosst (pHCYHOK CJieBa) U mepecoenHernst (pu-
CYHOK CIIPaBa) Jijisl Pa3HbIX yIyioB X. LopusoHTa/IbHas JimHusT cooTBercTBYeT 1 = maz(Rys, Risco)-
I rpuxoBoii jmHuell moKazaHa 3aBuUcUMOCTh 19 = 0.57,. OTHOMmIEHNE 20 /19 TpUHATO paBHbIM (.05

Koneuno, ecyim Temi akKperun BO3pacTeT CHJIbHEEe HEKOTOPOI'o 3HAYEHUdA, BHYTPEHHUI pajinyc
JIICKa 79 (DOPMAJIbHO CTAHET MeHbIe Ry, = max(Risco, Rns) — Makcumyma u3 pajuyca H3 u
pajuyca MocaeaHeil yCTOWIUBON OPpOUTHI, TOIA MbI JIOJZKHBI HMOJIOKUATD 79 = Riay, W, BO3MOXKHO,
U3MEHHUTh IpaHUYHBIE YCIOBUS JJIsi YpaBHEHHUIl Ha Kparo JucKa. BOpoc 0 rpaHUYHBIX YCJIOBHAX B
caydae, Korma ro = Ryg, He uccieyercs B 9toit pabore. [Ipu Berbope mapamerpos H3 Ryg = 10 kM,
Mys = 1.4Mg okasbiBaeTcs, uto Risco > Ryg, n mpobiemMa I'PaHUYHBIX YCJIOBHIA, KOTOPBIE HAJI0
[IOCTABUTH Ha ITOBEPXHOCTHU 3BE3/Ibl, HE BOZHUKAET.

6.3 3aBuCUMOCTHL BHYTPEHHEro paJuyca JUCKa OT TeMIa aKKpelun U Mar-
HUTHOrO mmoJid H3

Uccnenyem Ternepsb moBejieHNE BHYTPEHHEIO PaJinyca BsA3KOIO JIMCKA KaK peIeHre ypaBHEHUsI
. Maisbie £ = 1,/T. COOTBETCTBYIOT JINOO €JIaOOMY MATHUTHOMY IIOJIEO, JINOO CHJIBHOMY TEMITY
akkpennu. Bombmume £, HA000OPOT, OTHOCATCA K CHJIIBHOMY MArHATHOMY TIOJIIO WU CJIabOMy TEeMILY
akkpenuu. ['oBopst Kopoue, ueM Gosiblne &, TeM cuibHee BiusHue maruntrocdepsr H3 na akkpernuio.

Bo Bpemsi peHTI€HOBCKOI BCIIBIINIKKA Ha HECKOJBKO IOPSJIKOB BO3PACTAET TEMII aKKPEIUU [pU
[IOCTOSTHHOM MAarHUTHOM I10JI€, TIO3TOMY CHUCTEMa MOXKET MepeifiTi U3 aCUMITOTUKU CUILHOTO IMOJIS B
ACUMITOTHKY cjiaboro nosd: & popmaabao ctpemuTced K 0.

B pabore Revnivtsev et al. 2009 [28| 6buia sKCIIEpUMEHTATIBHO U3MEDPEHA 3aBUCUMOCTD YaCTOThI
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obpe3aHus B CIIEKTPE MOIIHOCTUA MCTOYHUKA, KOTOPas acCOIMUPYETCHA C KEIIEPOBCKON 4acToTOil Ha
BHyTpeHHeM pajyce (7o), OT IIOTOKa B PEHTIEHOBCKOM JIana3one L,, cM. pUCYHOK . Pesynbrarsr
IPUBE/EHDI JJIs CBeTUMOCTe] npubmsuTenbno L = 3-10%3—3-10%¢ spr/c uin, skeuBajienTHO, TeMIIOB
AKKPCIHN M =4-10" —4.10 r/c npu KIIJI akkpenuu 0.1. Beuto mokasano, 94To 3aBUCHMOCTH
ro o< M~ T KoTopas CieyeT U3 BLIPArKeHHs JJIs alb(pBEHOBCKOTO PaJIyca, YIOBICTBOPUTEILHO
corjlacyeTcs ¢ HaOJ/TIOACHUAMU B 9TOM JIMAIla30He CBETUMOCTEIA.

T T TTTTT T T TTTTT T T T TTTTT T T T TTTTT T

™

T

=

8 0.1 O

© L

3 |-

o

E |-

= L

O L

&

~ L

>

O

C

w [

n]

o

= ~

e E.

§ 0.01 [ O ———————

@ L ]

L / i
- |
III\II\l Il II\III\l 1 1 \\Illll 1 1 \IIIII‘ 1
10-10 10-° 10-8 10-7

Flux 3—20 keV, erg/sec

Puc. 3: MajenbKuMu Kpy>KKaMi — 3aBHCHMOCTb 9aCTOTHI OOpe3aHus B CIIEKTPE MOITHOCTU UCTOYHM-
ka A0535+426 B quamnazone 3 — 20 k3B. TodueuanbivMu OOJBIIMMEI KPY2KKAMI — JaCTOTA KBA3UIIEPUO U~
geckux ocrisaiuii (KI1O), koropere Habmonamics B pabore Finger et al. 1996 [29]. Crutontabivu
bonpmmMu Kpyxkkamn — dacrora KITO, ymuoxennas wa 2.5. [IITpuxoBas quHNS — 3aBUCHMOCTD
Qbrear o< L7, IlyuxTupHas nunus — gacrtora Bpamenns H3. 13 paborsr Revnivtsev et al. 2009
[28].

Ha puc. HOKa3aHa 3aBUCUMOCTD Qk(M ), CJIeYIOIIAst U3 HAIUX MOJIEJIEi.

B ciyuae cuibHOM akkpenun Jyist citydast Mogenn guddysun (ypasrenne (6.51))) mis w(€) cyme-
creyer acumnroruxa (cm. pucysku 2] [4)). Haiigem ee u3 ycosus, aro nesas qactb ypasaenust ([6.54)
pomKHa ocTaBarhes Konednoit upn & — 0. Torma w™3/¢7? — const, 10 ectb w o 32, Orcona
caenyer, ato w o< M7 u rg o< M~2/7 10 ecrb Takas ke aCHMITOTUKA, KAK JJIs alb(BEHOBCKOIO
pajyca.

Takast aCHMITOTHKA CIIpABEJIMBA TPUOIU3UTEIHHO /It 3HadeHuit £ < 3, 910 JVIST flog = 1, fooo =
1 coorsercTByer M > 10" r/c. s log pim = 30, f = 1 Hz, 510 coorsercreyer M > 10" r/c.

Js cucrembr A0535+4-26, n3ydeHHOli B cTaThe Revmvtsev et al. 2009 [28], f =9.7-1073 Hz, B =
5.1 - 10 T'c (Caballero et al. 2011 [30]), aro coorBercTBYeET f1yy A2 5 - 10% T - em®. TMomywaem s
logM = 13 —16: £ = 0.5 — 3.5 ;g Touek Ha puc. 3 B pabore Revnivtsev et al. /lefictBuresbho:
HIZKHEE TOYKM, JUI KOTOPLIX & > 3, II0 MHEHHIO aBTOpa HACTOsIell paboThbl HEe COOTBETCTBYIOT
3aBUCUMOCTH, MOKa3aHHO B pabore Revnivtsev et al. B To ke Bpems BepxHHMe TOYKH, B KOTOPBIX
€ < 3, mpeKpacHo JoKaTcs Ha Kpusyio ((rqg) oc M3/7.
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for diffusion model for reconnection model

104 -
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yi 75°
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Puc. 4: 3aBUCHMOCTD KEIIEPOBCKON YaCcTOThI HA BHYTpDEeHHeM pajuyce aucka 2 (rg) or Temia ax-
kpern M st Mozenn auchdysun mosst (PHCYHOK ClleBa) 1 [epecoeMHeH s (PUCYHOK CIIpaBa) JUIs
pasHbIX yriioB X. ['opusonranbhas jguaust coorBercTByet 1 = maz(Rys, Risco). LlTpuxosast jinanst
coorBercTByer Mojesu ro = 0.57,. OrHorenue zy/ry npunsTo pasabiM 0.05. Hacrora sparenus H3
HPUHSATA PABHOW fopp = 1, MATHUTHBIN MOMEHT g = 1.

st mapamerpusanuu [ marauraOro nosist (ypaBHeHUe ), IIPOBOJIA T€ K€ BBIKJIAJIKU, TIOJIY-
qaeM w o< E21/20 o M3/10 10 ectn 19 ox M~Y/5. Hamomuum, aro KR0O7 apryMeHTUDYIOT, 9TO TAKOe
HaBeJIEHHOE TI0JIe He nMeeT (PU3UYECKOTO OCHOBAHUS HA PACCTOAHUAX MEHBIIUX PAJIMyCca KOPOTAIlUN
Te.

Ecmu & — oo, perenne ypasuenus ((6.51]) crpemMurest K wei¢. g mynesoro yrma X = 0 wepe = 1,
TO eCcThb rg — 1. ipu & — 00. s nenyseBoro yria x > 0, 4 Wepe > 1, TO €CTH g MOYXKET ObITH OOJIbIIE
7. IIPU HEHYJIEBOM yTrJjie. B 3TOM COCTOUT CYIIECTBEHHOE OTJIMYNE BBIPAXKEHUs JIJI BHYTPEHHETO pa-
JILyCa 7(, TPUBOJUMOTO B HACTOSIIIEN CTAThe, OT YacTO UCIOJIB3YEeMOTO MPUOJIMZKEHHsI T /T, A const.
Ham BuyTpennuit pajmyc “ocraHapimBaeTcs’ HTPUMEPHO HAa KOPOTAIMOHHOM pajilyce I & 1. JaxKe
pu cjaaboit aKKpeIun, B TO BpeMs Kak alb(MeHOBCKUN PaJINyC MOXKET CTaTh Ha MOPSJIKN OOJIBIIE pa-
auyca Koporaruu. Jleso B ToM, 9TO B HAIIEM IMIOIX0/e BHYTPEHHUI PAJINyC HAXOAUTCS HE U3 YCJIOBHS
paBeHCTBa ra30BOr0 U MarHUTHOTO JIABJICHUN, & U3 PABEHCTBA ITOTOKOB MOMEHOB MMITYJIHCA, ITEPEHO-
CUMBIX BA3KUMW U 3JIEKTPOMATHUTHBIMU CUJIAM.

6.4 Penienue AJIAd YPpaBHEHUM:A II€epeHOoCa yIJIOBOIO MOMEHTA

Tenepb BbIBeJieM BbIpazKeHUd JJIg TeH30Pa BA3KUX Halnpszkenuit W.4.
Bryrpnu mucka by = 0, u ypasrerue ((6.41) npuaIMaeT BUI;
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. dQ’I“2 d 2 Z 9 0 2 upper
— M dar = 271'%( qug) + ;T’ <BTE(7’Z)¢)>2W +r <sz¢ >2ﬂ—. (656)

[Iycts 29 = 2(7r¢) — MOJIYTOJIIMHA JIUCKA HA BHYTPEHHEM KpalO BS3KOTO JINCKA U, KAK ¥ PaHbIIIE,
do = zp/ro — OTHOCHTEbHAS MOJIyTOJIIMHA JINCKA HA BHYTPEHHEM pajmyce. B paccMarpuBaeMbix
MOJIEJISIX BBIpaXKeHue JIJIsd BI3KOr0 TeH30Pa BCET/ia MOXKHO 3aIicaTh B BHUJIE:

My, :
Wop = B (955(7’) + go(r) cos® x + g1(r)d sin? X) , (6.57)
IpUYeM gg ¥ ¢ €CTh (PYHKIMH TOJIHLKO PACCTOSHUA 7' U HE 3aBUCAT HU OT IOJYTOJIIMHLI Z, HA OT

yrita x. PyHKIMS ggg — CTaHapTHOE Bhipakenue, nosydentoe [[lakypoit u CronseBbim:

gss(r)=1— \/? = fi(r), (6.58)

To

fa(r) =1- (—)n/Q. (6.59)

r

re BBejieHa (DYHKIUSA f:

Unrerpupyst ypastenue (6.56) or 79 /10 7 mosydaem jijist Mojean audysun (b;pper = béf Be3JIe
u bg‘Side = 0 BCIOly, KpDOM€ BHYTPEHHETO Kpasi):

. € /2 To —7/3
go(r)4T = %\/;(%Jfg(r) — fo(r))w 3 (6.60)

)7 = 2667 [ = T (6.61)

YrobbI IIOJIYYUTDb aHaAJIOTUIHOE BbIpazKE€HUE JJid MOAEJIN IIepeCoe/[MHeHN A, HY2KHO PaCCMOTPETb TpUu
CJIydad B3aMMHOI'O PACIIOJIOZKEHUA T, T'c, Tt

o 1o <r.ur <r TOrJa by = bl
® 7o < T W T > T, Torga by(r) = b (r),ro < v <o mby(r) = bi(r),r >,
® g > T, UT > T, TOTIA by = bé.

JlelicTBYsI aHAJIOTUYIHO BBIBOJ/LY BbIPAKeHU u (6.61)), mosryunm moxozxkue, HO Topaso boee
TPOMO3JIKNE BhIPaXKeHUs JIjIsI MOJIEIN TTepecoe/IMHEHNS:

(2wf3(7“)—f6(7“) o <r.ur <7,

e g\/?wm . —(21 — w)? +1<w2 )9/%70) ) - (6.62)

—§w2<1—ﬁ"7° To <Te WT > T,

kf6(T)_%f9(T) o >Tc BT > T,
gl(T)diH o < T,
r) e = ) 6.63

Yten, BXOAMIMIT B BbIpaxKeHus ¢ KodpdummenTom oy < 1, BaykeH TOJIBKO IPHU yIyIax, OJU3KAX
K 90°, HOCKOJILKY OCHOBHOII MAarHUTHBIH BKJIaJI IIPOIOPIMOHAIEH COs’ Y, a IIOIpaBKa IIPOIOPIHO-
nasbHa sin? . [TosToMy ocHOBHOII BKJIaJ ucuesaer npu x = 90°, a IOIpaBKa, HAIIPOTHB, JOCTHIACT
MaKCHMyMa.
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Breiparkenns J1j1s1 BI3KOrO TeH30pa /I TaKUX MOJe/Iell HaBeJeHHOrO MOoJId, Kak Mojean auddy-
30U U TIEPECcOeIMHEHNS, BbIBEJICHBI BIIEPBBIC B HacTosAIel pabore. I B mojiesn jiudbdysun, u B Mojie1n
[IEPECOeIMHEHNS BBIPAXKEHUsT CBOAATCA K OOBIYHOMY TEH30PY HAIIPSI?KEHU JIJIsT CTAHIAPTHOIO JIHCKa
B CIydasX [, = 0, 910 HeyauBuTeHbHO. B ciiydae x = 90° MarHuUTHBIE CjaraeMble BXOJAT € KOIp-
durmenTom §y = 2(rg)/ro. ObbsicHeHUE STOMY Crepytoriee. [IpecraBuM HEKOTOPYIO TOUKY B JIUCKE,
Ha30BeM ee Toukoil A, u mycth Touka A' — TouKa, cuMmMerpudHas A oTHOcHTENbHO TeHTpa. Korma
0Ch MArHUTHOT'O JIUIOJIS JIEPKUT B IIJIOCKOCTH JIMCKA, IMOJie B ToUKe A HalpaBjeHO IPOTUBOIOJIOKHO
noutio B A’. TIockoIbKy ypaBHEHUsT yCPEIHSIOTCA 110 eproy Bpamienns H3, BK1a MarHuTHOIO 10JIst
[IOYTHU 3aMbIBAETCs, U MAarHUTHbBIE HAIIPSI?KEHMS BO3SHUKAIOT TOJIBKO M3-38 KOHEYHOMN TOJIIIMHBI JUCKA.

B cienyromux pasjenax Oyjer yuoOHO T0JIb30BaThCst Ge3pasMepHoii (yHKiumei ¢(r), KoTopyo
OIpeIeNTNM KaK:

9(r) = gss(r) + go(r) cos® x + g1 (r)dysin® x. (6.64)

Ha pucynke [b| mokazaubl dbyukiun g(r) misg moiesei auddysnu (IITHXOBOI JuHEel) 1 1Iepecoe/u-
HeHus (IMyHKTHPOM) Jijisi HAOOPOB mapaMeTpos log fi,, = 26, log M = 15 (mapamerp £ = 0.1 < 1) u
log p,, = 26, log M =13 (mapamerp £ = 0.4). BiieiabIM J1j1s1 cpaBHEHUS TOKA3aHA KBa3U-CTaAHIapTHASI
3aBUCHMOCTH (ss(r) = 1 — \/7o/r. Bo-nepBbix, Momenu auddys3un n mnepecoeMHeHNsT HEOTIMIHBI
JpyT oT Apyra (MakcuMmasbHoe pasanane — 2 %). B quanasone r € [rg, r.] Mogenn nuddysun u me-
pPecoeIMHEHNs COBIAIAIOT, & TP T > T, OTJIHINE MEXKJLy MOJIEIIMU OKasbiBaeTcs Maad. Bo-BTophIx,
camu 110 cebe byHKIwn ¢(1) 0UeHb OJIN3KH K ggs(r) Ha MaHegn YTO CBA3AHO C MAJIOCTHIO MATHUT-
HO¥t “100aBKKM” B BA3KUI TEH30D JjIs BHIOPAHHDLIX 1apaMeTrpoB. To ecThb JIUCK — KBa3U-CTAHIAPTHBIM
C BHYTDPEHHUM PaJINyCOM 7. KC/im yMEHbIIUTD TEMIT aKKPEIUH eIlie B ¢To pas, To napamerp & = 0.4,
U JIUCK OTJIMYAETCS OT KBA3U-CTAHI@PTHOIO, IIOTOMY YTO MArHUTHbIE 4jieHbl B W, cTaHOBSATCA 3HA-
YUMBIMU.

NurepecHo ciiefyroliee CBOMCTBO 0Ty YeHHBIX T€H30POB BA3KUX Hanpsikenuit W, (paccyxaenns
POBEJIEM JIJIs yTJIa Y, He CJUIIKOM 6,in3Koro K 90°, 4Tobbl 1jieHoM ¢ ¢; () MOKHO mpeHebpeds ). [pn
HE CJIUIITKOM OOJIBIITUX MarHUTHBIX TOJISX HapaMerp ObICTPOTHI w, (PUTYPUPYIOIIH B BbIPAXKEHUSIX,
MAaJI TI0 CPaBHEHUIO ¢ €JIUHUIIEH, TO €CTh BHYTPEHHU PaIyC g MHOI'O MEHbIIIE PAIUyCa KOPOTAIIUH T
MaruauTHbIH 9JI€H BBIYUTACTCS U3 CTAHIAPTHOTO. JHEPTOBDIJIC/IEHUE B JINCKE MTaIaeT, HO 9eM OOJIbIe
YIOJI, TeM MeHbIe BBIYUTACMOE, Bejlb MalrHUTHOE CJlaraeMoe HPOIOPIMOHAILHO cOS? X, yObIBalomeil
dbyskmyum yria. MHBIME cjl0BaMU, TPHU MaJIbIX TOJISIX BA3KOE SHEPIrOBBIJIEIEHNE B JIUCKE PACTET C
yriom. [Ipu GoJIbIIX Ke MOJIAX HapaMerp OBICTPOTHI W BBIXOIUT Ha 3HAYEHME MOpsIKa 1, mpudem
BbIpaskeHue 2w f3 — fg MOJIOXKUTEIBHO, TO €CTh MAHUTHBINM YIeH 100aB/IsieTcst K CTaHIapTHOMY CJla-
raeMoMy, TO €CTh SHEPTUU B TAKOM JIMCKE BBLIEISETCS OOJIBINE YeM B cTangapTHOM. 1o ecTh Teneph
[IPU yBEJMYEHUN yTJIa SHEPrOBbIIeIeHne OYIeT YMEHbINAThCA. TaKoe TOBe/IeHre JIydIle BCero MILIo-
CTPHPYIOT PACCUHTAaHHBIE CIeKTpBbl Aucka (cM. pucynku [0 [7]): ma Beex namessx [6] sneproesiienenne
yOBIBAET 1IpU pocTe yria (Mbl CHENUATHLHO MOJOUPAJIN TaKUe CIIEKTPhI, B KOTOPBIX MAarHUTHOE I10JIe
CUJIBHO BJINSIET HA SHEPrOBBIJICJICHUE), & HA — pacrer Ipu pocTe yrJa.

ITpu yrue x ~ 90° Bcg 3aBUCHMOCTH OT MArHUTHOIO IOJIA B BA3KOM Tenzope W,y 3akiodeHa
B dyukuuu g(r). ABTop moHaYaJy MOJArad, YTO ITUM WIEHOM MOXKHO IpeHeOpedb B CUITy MAaJio-
cru KoapdurmenTa zo/ro, OJHAKO OKA3aJ0Ch, YTO TaKOe IpeHeOperKeHNe CYIIECTBEHHO HMCKaXKaer
pe3yJIbTaThI JJIst CJIy4asi, KOIjia 0Cb MArHUTHOTO JIUITIOJIA JIESKUT IMOYTH B IJIOCKOCTH JIicKa. KpaTkoe
CpaBHEHHE pPEe3yJIbTaTOB MOJEJNPOBAHUSI CTPYKTYPhI CO BKJIFOUEHHBIM YJIEHOM ¢ U 6€3 Hero Jaercs
B npuiozkenuu [A]

6.5 AcuMmnrorndyeckoe ImoBeJeHnne BA3KOI'O TeH30pPa

Uccrenyem acumnroruky jyist g(r) Jist cIydasi CHIBHONO MATHUTHOTO TI0JIst (M/IM HU3KUX TEMIIOB
akkpern) B Mogenn quddysun. Ecin § — 00, T0, Kak ObLJIO OTMEYEHO DAHee, W — Wepip. LOTIA
HOJIyYaeM, 9TO JIJIsi CHJILHOTO MArHUTHOTO TOJist (ecyiu, KoHedHO, X # 90°, 1 MOKHO npeHebpedb erre
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log um = 26, log M =15

100 i
’C 10—1 4
(@)
— X:O"
1072 - — x=60°
—_ x=90"
100 101 102 103
r/reor
(a)
log um =26, log M=13
100 i
.
S 107+ 4
| — x=0°
10724 | — x=60
| — x=90°
100 101 102 103

Ireor

(b)

Puc. 5: Bespasmepnas dbyuknus ¢(r) 11 HEKOTOPBIX YIVIOB X Jist Mojiesin uddy3un (mrpuxoBast
JIMHUS ), IepecoeIMHeHnsl (I HKTUPHASI JIMHIS, HEPA3JINIUMO 38 IITPUXOBOI JINHIE Ha aHe
U CTAHJAPTHON MOJICJIN aKKPEIUn (CHHOLHHOI71 JH/IHI/Ieﬁ), KOIJIa BHYTPECHHUI paJiiyc 7y COBIIAJIACT
C paJIycoM TOCaeIHeil ycToianBoit opouthl Risco. CBepXy PHCYHOK JIJIsi mapaMerpoB log i, =
26,logM = 15, mapamerp & = 0.1, cauzy — mapameTpsl Te ke, HO TeMmil akkperuu B 100 pas
MenblIre n £ = 0.4. ByieiHBIM 1IBETOM J1jIsI COOTBETCTBYIOIIUX MO/JIEJIel U yIJIOB IIOKa3aHa 3aBUCUMOCTH

gss(r) =1—/ro/r.

U WIeHoM ¢ (7)):

010) = 5 L Qe slr) ~ Fo(r) cos (6.65)

2/3

i VIMed B BUILY, 4TO

r 7/2 ,U/2 1 7/2
7% = (-“) = rm (—) , (6.66)
Te M~NGM \re

IIoJIy49aeM BbIpazKeHUe JId TeH30pa BAZKHNX H&Hpﬂ)KGHHfIZ

e 79 = Te - W
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Wiy = — £ VIS 0300 filr) — fo(r) cos? x. (6.67)

5 2 Werit
6r r2 T

MozkHO nIepenucaTh 9TO BbIpazkeHue B 060j1ee MPUATHON T1y1a3y (opme:

Wy = Wy (:—0)2 , (6.68)
rie

Wo = — &“@%mm>—ﬁmmw%. (6.69)

D10 BhIpasKEeHUE IPUMEHUMO [PU He CJUIIKOM OoJbinux yriax. Ecim #e npenebperats ¢ (r), TO
MO>KHO TIOJIyIUTh 'POMO3/IKOE BbIpaskeHue, IPUMEHUMOE IPU JII0OBIX YIJIax, HO OT 9TOI0 HE U3MEHSITCS
CJICIYIONINE PACCYZKJICHUS.

DTOT aH3aIl MOXKHO IOIPOOOBATH MHTEPIPETUPOBATH KAK BHIPAYKEHNE JIJIT MEPTBBIX JMCKOB
(JIMCKOB-pe3ePBYapoOB), TO €CTh Jjisl TAKUX, B KOTOPBIX aKKPeIs Ha [EeHTPaJbHBI 00beKT OCTAHOB-
JIEHA YeM-TO, HAIPUMEp, CHJIbHBIM MarHuTHbIM mosieM (Sunyaev & Shakura 1977 [31]). IIpu sTom
JIUCK, Pa3yMeeTcsi, MOXKeT CyIIeCTBOBaTh, U3JIydaTb U BOODIIEe BecTu ceds KaK HOPMaJIbHbI aKKpe-
IIMOHHBIN JINCK, IIPOCTO BHE PaMOK CTaHIAPTHONW MOJIEIN JUCKOBON akKKpenuu. B mporuTupoBaHHOM
paboTe aBTOPbHI MOCTPOUIN MOJIE/Ib MEPTBOI'O JIUCKA, TOJIYIHB IIOXOXKee Ha, yP. BbIpazKeHUeE.
CymecrBennoe oTim4ne B ToM, 9To B pabore Cronsesa u [llakypsr Wy numeer cMbIc/ HalpszKeHUIT,
JIEMCTBYIOIINX Ha BHYTPEHHUI Kpail JMCKa U YJIEePKUBAIOIINX €ro 0T, COOCTBEHHO, akKpennn. B Ha-
meii ke pabore Wy caMm 1o cebe 3aBUCUT OT PacCTOsSHUs, U, Oosiee Toro, paBeH 0 Ha r = 1(, IIOITOMY
aHAJIOTUS C MEPTBBIMU JUCKAMU He BIIOJIHE TOYHA. HecMOTpst Ha 3TO, B aCUMIITOTHKE 1" — OO 3aBU-
cumocTb Wy or paccrosinust ObicTpo mponagaer, u Wy aeiicTBUTeIbHO CTAHOBUTCSI KOHCTAHTOM.

OcraBJisist TOJBKO IVIaBHBIE UIEHBI IPHU 7" — 00, MOJIydaeM acHMITOTHKY:

sy s 59 Qi = DR cos?, oy~ 1,

6.70
2¢ %057/2 (wcrit - 1)50 Sinz X5 COS2 X < L. ( )

Pasymeercst, IOCKOJIBKY 3Ta aCHMIITOTUKA UMEET 3aBUCUMOCTD 1/4/7, pAHO MM TIO3HO MATrHUTHBIH
YJIEH CTAHOBHUTCH MEHbINEe OOBIYHOIO CJIAraeMOro M3 CTAHJAPHON MOJIeJN IPHU BCe OOJIbIIEM yBeJIHU-
venun pacroguus. OJHAKO, TOCKOJILKY OCHOBHOE SHEPIOBbBIJIE/IEHNE B JIUCKE MTPOUCXOUT BOJIM3U T,
JEWCTBUTEIBHO UMEET CMBICII PACCMATPUBATHL ACUMIITOTAKA JJIsl CUJABHOIO 1014 u .
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7 CuekTp amcka

Paccunraem crekTp TemioBoro usiydenusd aucka. C oaHol CTOPOHBI, Mbl, KOHEUHO, €Ile He IIPo-
BEJIN CAMOCOIVIACOBAHHBIN PACUeT PaIHaJbHOMl CTPYKTYPBI JUCKa U He 3HaeM 0y = zo/To. C apyroit
CTOPOHBI, MOCJIE/IYIOINIIE Pa3Iesibl TOKaxKyT, 910 0 = 0.02 (cranmaprablii quck) u dp = 0.06 (3amar-
HUYEeHHBI JUCK) — 9TO XOPOIITe TPUOIHKEHNsT, 1 MU MbI OyJIeM MOJIb30BATHCS B 9TOM pasJielie.

MOXKHO BBIMHC/IMTH IIOTOK SHEPIHA 3a CUYET BI3KOI'O SHEPrOBBIICJICHUS C IOBEPXHOCTH JIUCKA!

1 Q% 3 GMM

Qo= Wrorm = &

g(r), (7.71)

u 9(b(beKTI/IBHYIO TeMIICPpaTypPy IMOBEPXHOCTHU, UCIIOJIb3Yyd 3aKOH CTe(baHa—BOIIbHMaHa C KOHCTaHTOM
Op:

r3

Tepr = (Qo/op)'/*". (7.72)

Jlnst pacdeTa CIeKTpa BOCIIOJIb3YEMCs CTaHJIAPTHBIM METOJIOM: Pa300beM JHMCK Ha KOJIbIA IIH-
puHOit dr u JauHON OKpyzkKHOCTH 277. [Ipeanono:kum, 9To ¢ eIMHUIBI ILIOMAIN U3y IaeTCs CIIeK-
TpajbHas IJIOTHOCTH dHEpPrun [, a 3aTeM NPOMHTErpUpyeM 110 BceMy JucKy. [Iyctb d — paccrosinue
JI0 JINCKa, COS? — KOCUHYC yIJia HaKJIOHA OCU JIUCKA K JIYIy 3PEHU.

F d2 Tout
L), = 27?/ Lrdr. (7.73)
cos1 o
B uszorepmuunoit armMocdepe, eciii He yIUThIBAThH paccestHre, (GOPpMUPYeTCs IJIAHKOBCKUI CIIEKTP:
2hv3 1
I, = B = : 7.74
v c? exp(hv/kT) -1 (7.74)
[Ipeobpaszyem cierka BbipazkeHue jjst (Qo:
3 GMM 3 GMDM [r¢\3
_ 2 -2 - ) 7.75
o 8t 13 9(r) 8t 13 ( r ) 9(r) (7.75)
Beenem obosnauvenust: apdekTuBHas TeMIeparypa IMOBEPXHOCTH JUCKa Ha Kpalo I = 7¢:
s auar)
To= | — , 7.76
0 (87T reoy ) (7.76)
Oe3pasMepHas 9acToTa;:
hv
= —. 7.7
Yo KTy ( )
C 6e3pa3mepHOil IepeMenHoit
3/4
r =y <1) (7.78)
To
MOXKHO Tiepernucars ypasuenne ([7.73)):
F(u)d® 167 (kyTp)*rd 13 / B 2 dx (7.79)
et % .
cos i 3 h2e %), exp (xg=4(ro(x/1p)¥3)) — 1’

TJIe Tout — BHEIIHUIA pajuyc aucka. B ciydae ciaaboro marnurHoro mosis ¢yakunus ¢(r) ~ 1 upu
x> 1. B citydae cuiibHOTO MarHuTHOrO 11001 Witk ¢1aboit akkpenuu (€ > 1) g(r) o< 1/4/r. Bamernw,
aro Torma W, o< 1/ r7/2 BMeCTO OBBITHOrO BBIPAZKEHIS Wy x 1/ r3.
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NuTepecno ucciegoBaThb MPOMEXKYTOUYHbIE aCUMIITOTUKH CIIEKTpa JUCKa, Korja vy <K 1 wm
VO(T’out / T0)3/ 4> 1. Torma HIZKHHN 1 BepXHUI Tpeiesbl nHTerpasa B ypasuennn ([7.79)) MoxHO 3ame-
HUTH Ha O 00 U

o0 53 dx

F(v) o v'/3 / . 7.80

W) o ) o g o o)) — 1 (780)

Eciin mosie cabo, ¢g(r) He 3aBUCHT OT T, U MbI II0JIy9aeM HM3BECTHBIA PE3YJIbTAT Jjisi CIHEKTPa
CraHIapTHOTO IUCKA:

F(v) o '3,

7/6,,—1/6

_ ~1/6 "
B ciryuae custbroro noms g~ Y4(r) o r/8 oc 21/6uy /8. C noncranosxoit t = 27/6y; /¢ unrerpan s

(7.80) maet:

F(v) ~ 177, (7.81)

Taxoe ke BbIpazkKeHUE MOXKET ObITh IMOJIYUEHO sl “‘MepTBBIX JauckoB’, cM. Sunyaev & Shakura
1977 [31]. Ectp majgexma, 9ro B KAKOM-TO CMBICIE 9TO O3HAYAET, UTO HAIA MOJIEJb B3AUMOJIEii-
CTBHUS MOJIS C JIMCKOM MOXKeT ObITh NMPHMEHEHa U, HAIpUMep, K crajuu “npornesuiepa’ (B cMbIcie K
CTaJMU, KOIJla aKKPelus Ha MEeHTPAJIbHbBI 00HEeKT MOYTH OCTAHOBUJIACH). Takasi acUMIITOTUKA Ha-
6romastachk st KBasapos (Weaver&Horne 2022 [32]), koropble, KOHEUHO, HE UMEIOT OTHOIIEHUS K
3aMarHUYIeHHBIM 3Be3/1aM. 3a/iada TPOBEPKU TAKUX aCUMIITOTHK OCJIOXKHSIETCST T€M, ITO CHEKTD, KO-
TOPBI MBI MOJICTTUPYEM B 9TOI paboTe, M3/IUITHE UIMATU3UPOBaH, U He HabJIoaeTcd cam 1o cebe.
Jlo/KHBI OBITH yaTEHbI 3 (PEKThl KOMITOHUBAIUN U3JIyUeHUA, paccesuus B ¢dporocdepe aucka, ca-
MOOOJIyU€eHUs JTUCKA CBOUMU BHYTPEHHUMHU YaCTIMU U HEHTPOHHON 3BE370W. DTO OYEHBb CJIOYKHA
3aJlava, KOTOpasl BBIXOJUT 3a PaMKu 3Toil paborbl. Kpome Toro, skcriepuMeHTaaIbHO ONPEIeIseTcs,
pasyMeeTcst, CcyMMapHbIil criekTp jncka, H3 u 3Be3pI-KOMIIaHBOHA, 8 HE MPOCTO CIIEKTP JIMCKA.

Ha pucynke [0 moka3ano, Kak CIIEKTp JUCKa B PA3HBIX MOJE/IAX 3aBUCHT OT BEJIMINHBI MATHUTHOTO
1oJid Tpu (PUKCHUPOBAHHOM TeMIle aKKperuu. g TpocTOThl BBIMUCIEHUIT OTHOCUTEIbHAS MOy TOJI-
muHa 0y moJarangack pasaoit 0.02 mrsa crangapraoro aucka u 0.06 11 Mojeseil ¢ MAarHUTHBIM IT0JIEM
(pesysbraThl c1ab0 3aBUCAT OT BBIOPAHHOTO dg). [Ipu cpaBHUTEIbHO MaJIEHBKUX IMOJISAX CBETUMOCTH
YMeHBIIIaeTcst (CM. pasJies @, KPUBBIE JIJIsI MOJIeJIell ¢ MAarHUTHBIM TIOJIEM JIEZKAT HUYKEe KPUBBIX CTaH-
JapTHoro jucka. [Ipu yBenndeHun 1mojiss MArHUTHBIA YI€H HAYUHAET JOMUHUPOBATH HaJ| AKKPEIlu-
OHHBIM, U TIOYTU BCE SHEPrOBbLIJIEJIEHNE ITPOUCXOIUT 3a CUET pa30rpeBa JIMCKa MArHUTHBIM ITOJIEM.
BakHOo, 9TO MBI HE YYUTBIBAEM JIZKOYJIEBO TEILIO, & CYUTAEM, UTO MO/ BJIAULAIOT Ha JINCK TOJILKO TEM,
YTO B3aMMOJIEHCTBUAE ¢ MArHUTOC(HEPOI MPUBOIUT K U3MEHEHHUIO BA3KOTO Harpesa. [Ipum Gosbimmx
MOJIAX, KaK y2Ke ObLIO YKa3aHO, JUCK B KaKOM-TO CMBICJIE IpeBpalaercss B MepTBblil. Hampumep,
IIPOMEKYTOUHAsT aCUMIITOTHKA Ipespaiaercs u3 v/% B 17, Kak GbIIO yKa3aHO BBIITIE.

PaccmoTpuM, Kak CHEKTp JUCKa MEHAETCd BO BPeMs PEHTIEHOBCKOM BCIIBIIIKH aKKPEIUPYIOIe-
o MIJTUCEKYH/THOTO ITyJIbcapa. B3sgB xapakTepHoe 3Ha4YeHre MarHuTHOTO TOJId, ITPOBAPbUPYEM TEMIT
akkpernu. BosbMeM moste i, = 10%0 T'c - em®, xapakrepHoe 118 aKKPeIUpPYOMIX MUIITHCEKYHTHBIX
myJibcapoB, U dacToTy Bpamenus f = 600 'epr ogHoro m3 cambrx OBICTPBIX aKKPEIUPYIONUX MTYJIhb-
capo IGR J00291+5934 (Galloway et al. 2005 [33], Di Salvo & Sanna 2020 [34]).

Ha pucynke |7| IOKa3aH CIEKTp AMCKA IIPH PA3HbIX TEMIAX akkperun. Ecam M BeIHKO, akKpe-
[IMOHHBIN JUCK “mpojasauBaer” maruutrcdepy H3: BHYTpeHHUI pajuyc BI3KOTO JUCKA 3HATUTETHHO
MeHbIre pajmyca kKoporanun. CrekTp ¢j1abo OTInvIaercs: oT cTaHaapTHoro. [Ipn Masbeix ke TeMirax
aKKpeIlnu OTHOCUTE/IbHOe BinsgHue MaruuTocdeps! Ha W,y BospacraeT. Mbl pe/iosnaraeM, 4To Jj1s
TaKNX aKKPEIMOHHDBIX JUCKOB Ha O3/ IHUX STANaX PEHTIeHOBCKON BCIIBIIITKI, BOSMOYXKHO, MOXKET OBbIThH
9KCIIEPUMEHTAJIbHO OOHAPYZKEHO OTJIMYHE CIEKTPa OT CTaHIAPTHOIO.
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log um =27, log M=17 log um =28, log M=17

1073 1073
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(a) (b)

log um =30, log M=17

—-== ro/r;=0.01
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log um =29, log M=17

1072 { === rolra=0.05
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10-6 2 A 10-6 o
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v, Hz v, Hz

(c) (d)

Puc. 6: N3menenune B crieKTpe 3aMarHMYeHHOTO JINCKA, BhIYUCAeHHOE U3 ypaBHenud (|7.79)). Paccros-
HUEe JI0 UCTOYHUKA NPpUHATO paBHbIM d = 10 kuk. CruionrHas JUHAA — Pe3y/IbTaT JIjisd CTaHIapTHON
MOJIEJIN, TyHKTUPHAS JIMHUS — JJIsd Mojenn audys3un, mpepbiBUCTas — JJIsI MOJEIN IePecoe -
HeHus. JIjisi TIPOCTOTHI BBIYMCIIEHUN 0y = Zo/To TPE0JIArajoch MOCTOSTHHBIM B JIUCKE U PaBHBIM
0.02(0.06) B cryaae CranmaptHoro aucka (Mofeneit quddysun u nepecoennennst.) B ierene Tax-
JKe YKa3aHO OTHOIIEHNE BHYTPEHHErO pajinyca K ab(PBEHOBCKOMY PAJIMYCy JJIs MOJIE/IA ITePecoe -
Henud. TeMn akKpenuu mMpuHAT M = 10" r/c, a =0.1, faeo = 1.

OTBeTuM Ha BOIIPOC, MOYKET JI OBITH TAKOE, ITO CIIEKTP BO BpeMs BCeil PEHTI€HOBCKO BCIIBITITKHI
JIOMHHUPOBAH MAarHUTHBIM TOJIeM. J[jist 9TOro BO3bMeM TeMIl aKKpEeIUH, XapaKTEePHBIA s IHKa
BCIIBIIIKH, U IIPOMO/JIEJIUPYEM CIIEKTPBI /Il HECKOILKUX Pa3HbIX MAHUTHBIX II0JIEH, CM. PHCYHOK [0]
OxkazbIBaeTcs, 4TOObI CIIEKTP ObLIT “MArHUTHBIM  OKOJIO ITMKA BCIIBIIIKU, HAM HY2KHO 110J1e log ft,, = 29
1 GOJIbIIE, YTO HEPEAINCTUIHO JUIs TAKUX 00beKTOoB (cM. obcyzx/enne B pasese [J)).
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log um = 26, log M=13
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Puc. 7: Bapuanuu criekrpa JIMCKa ¢ H3MEHEHHEeM TeMIla aKKpeIuu. Paccrosiaue 10 HCTOYHIKA [TPU-
usaTo paBabiM d = 10 kuk. CrJioniHas JIMHUS — PE3YJILTAT JJIsd CTAHIAPTHON MOJIEIHN, IIyHKTUPHAS
JIMHUS — JIg Mojiesin iupdy3un 1oJisd, MpephIBUCTasd — JJIs MOJIE/IN TIePECOeIMHEHN JTUHUN B KO-
pose. J1jist IpoCTOTHI BBIMUCIEHWI 0y = 2o /7o IPEIOIAragoCch MOCTOSTHHBIM B JiicKe 1 paBHBIM 0.02.
Ha puc. temn axkpern M = 10' v/ ¢, ma puc. [7(b)} [7(c)} [7(d)| renm axkperpm Gombire B 10,

100, 1000 pa3 coorBeTcTBeHHO. B Jjlerenjie Tak»kKe yKazaHO OTHOIIIEHHE BHYTPEHHETO PaJInyca K aJibod-
3

BEHOBCKOMY PaJIMyCy IIIsl MOJEIN Iepecoe utenns. MaruuTHblii MOMEHT OpUHAT f,, = 10%% T'c-cm?,
a = 0.1, f =600 I'epir.
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8 BeprukajibHasg CTPYKTypa

B stom pazjiesie HaM YacTo NMPUIETCA Pa3anydarTb 2z — BEPTUKAJIbHYIO KOOPJIUHATY U 2 — IOJIY-
TOJIIIUHY JTUCKa (B MPEJBIIYNINX Pa3/Ie/iax U3 KOHTEKCTa Beerjia ObLIO SICHO, YTO UMEETCsl B BUJLY ).
Bynem najee npuaep:kuBaThCs TaKUX 0003HAUEHUI: 2 — 9TO KOOPJAUHATA 110 OCH, IIEPIIEHINKYJ/IsIPHOI
9KBATOPHAJIBHOI TIJIOCKOCTH JIUCKA. Zy — MOJIYTOJIIMHA UCKA HA BHYTPEHHEM paJuyce. zg(r) — 910
MOJIy TOJIIIAHA JUCKA Ha PACCTOAHUM 7 OT T€OMETPUYECKOrO IEHTPa JTUCKA.

8.1 OcHoBHbIE ypaBHEHUS BEPTUKAJILHON CTPYKTYPBI

Borancims TeH30p BASKHX HampskeHuit W, it Aucka (MHBIMI CJIOBAME — BBLIEJICHHE TEITa
B JIUCKA Ha KaxKJOM PaJiiyce), MOXKHO PaCcCUYNTaTh BEPTUKAJIBHYIO CTPYKTYPY aKKPEIMOHHOTO JIUC-
Ka. MBI BCIo/Ib3yeM T0IX0/1, CX0xKuii ¢ moaxogoM [l-apamerpos, paspaboranubiii B padore Ketsaris
& Shakura 1998 [35|. B arom ciryuae Jierko paccuaurarb U paJUaibHYIO CTPYKTYPY B CJlydae aHa-
JUTUYIECKOI 3aBUCHMOCTH HEIPO3PATHOCTH OT INIOTHOCTH M TeMiepaTypsl (Suleimanov et al. 2007
[36]).

[Momxon Ketsaris & Shakura 6wt MomudwunmupoBaH, 1abbl pemarh He 3ajady Ha COOCTBEHHBIE
3HAYEeHHs, a KpaeByio 3aja4y 1 pojga. Takas KpaeBas 3ajada periaeTcs METO/IOM CTPEIbObI.

[Ipexke Bcero, pacCMOTPHUM TIOC/IE/IHEE YPaBHEHUE B . C y:ke NPUHSTHIMEA YIIPOIIEHUSIMI
(eM. pazmen @ 1 00Cy2KJIeHUe YIIPOIIEHUT TaM) OHO CTAHOBUTCSI:
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D70 ypaBHEHNEe BePTUKAJBHOIO MArHUTOrHpopaBHoBecust. [1o 106poit Tpajunun pasenos [5 u [6]
pacuuireM IIPOU3BOIHYIO 110 HAIIPAaBJICHUIO:

) B? 1
. (P + 8_7r) = — 2z + —(BV)B.. (8.82)

(BV)B, = B, .

oy ER (8.83)

Ycpenuum tenepb Tperbe ypasrernue B ([3.11]) mo asumyranbromy yriy. lasee ckobkamu () Mbl Oy-
JieM oboszHadyarh Takoe ycpeganenue. C yderom (8.83) u orbpocus B, B,, KOTOpoe 3aHYIUTCA IIPHU
YCPETHEHUN TI0 ¢, TIOJTydacM:

P B2 — B2 2 .2 b2
0 = —pQiz — 9 <—Z> = —pQ3z 0 (imsinzx + M) . (8.84)

0B, B40B, 0B, B, 0 ( B?
— B =—-3B,—< + — z .
or + r 0¢ + 35, r + ( )

0z 0z Pk 0z \161 16 81

Hamomunaem, 4To B 00enX MPUHATHIX MOJIEITX (bi) = 0 BHYTpPH ,ZLI/ICK8E|.
Beenem morok maiydenms 1o BepTHKabHON KoopauHate (). Eciim npenebpedb Bcemu Bujamun
TeILIONIepeHoca, KPOMe U3JIyUeHts, TO ypaBHeHNe [TePEeHOCa SHEPTUH [0 BEPTUKAJIN TaKOBO:

¢ déraq
=— : 8.85
@ 3kpp dz ( )

3/1ech kg 9TO poccestanaoB KoddduimenT HenpospadHocT. Mbl paccMoTpesn cirydail aHaInTH-

9eCKOl HeIrpo3pavdHOCTH:
L

p
KR = Ko=——- 8.86

5= ol (5.56)

2Jlaxke ecim bg‘Side = 0, 9TO He CHHMaeT BOIIPOCA, KAKOBa LpOU3BOAHAs O,bs. DTa IIPOH3BOIHALA MOXKET OBLITH

3HAYNTEJIbHA BOJIM3M IOBEPXHOCTH JUCKA, TO €CTh HABEJAECHHOE II0JIe MOXKET BJIUSITH HA yPDAaBHEHUs BOJIM3M 2 = 2o U HA
rpaHUYHbIE YCI0BUs st JaBiennsi. OCOOEHHO BayKHO 9TO MPU MAJIBIX yIJIAX X. DTO BayKHBIA BOIIPOC, HO B CUJIY €r0
cJIoXKHOCTH (U, CyJis IO BCEMY, HEOIHO3HATHOCTH Pa3PeIleHts], BeJlb MOKHO I10-DA3HOMY AlllIPOKCUMUPOBATH bg‘s“ie!)

OH HE pacCMaTpUBaeTcs B JaHHOI pabore. Mbl OyieM POCTO MPeAIIoIararb, YTo bg‘SIde =0un 8zbg’Side =0
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Ecyin HenrpospadHocTh ompeieigeTcs paccessHueM Ha CBOOOHBIX 3JIEKTPOHAX, TO KR = 03 — TOMII-
COHOBCKasl HelPO3PavYHOCTb, TO ecTh L = v = 0, kg = 0y = 0.335 cM?/r JIst COJTHEYHOro XMMCOCTa-
Ba. Kcim ke HepPO3pavHOCTH ONPEJIENSIeTCs], B OCHOBHOM, TOPMO3HBIM HM3JIy4YeHHEM 3JIEKTPOHOB, TO
L= 1,7 = 7/2,kg = 510" ev® K 7/2 172 KpaMepCOBCKas HEIPO3PATHOCTD (cM., HAIpUMED,
Lipunova et al. 2018 [27]).

Bsejienbr 0003HaYEHUS: €,.qq — ITO IJIOTHOCTH SHEPTUU W3JTYICHUS:

€raa = aT?, (8.87)

rae a = 4oy /c.
¥(z) — 910 MaccoBasi KOOp/MHATA:

= / " o(h)dh. (8.88)

[Tpudem 23 (zo(r)) — 9TO MOBEPXHOCTHAST TJIOTHOCTD JMCKA HA PACCTOSIHUY T° OT TieHTpa jucka. Cu-
CcTeMa YPaBHEHUN JJId BEPTUKAJBHON CTPYKTYPbI UMeeT CJEAYIOIUI BUJI:

(1dP 15 2
1 = —z( Z — 8—77%,:#—”2 sin? X) Ypasuenne Hasne-Crokca 1o z-KoopumHare,
p dz T pr
dX
— =—p > 110 OIpe/Ie/IeHHIO,
dz A (8.89)
¢ d(aT?) .
=—Q paJallMOHHBIN TIEPEHOC SHEPTHH,
3kpp dz
d@) dQr 3 O P
— = —Wper— = = 3HEPrOBbLICJICHUEC.
\ dz *dr 9k p A
Hopmvupyem BestmuanHbl Ha KakKue-HUOYIb 3HAUEHUS, KOTOPhIE OIPEJIE/INM Jlajiee:
P:p'P(),TZQ'To,E:0"20/2,@:(]'@0, (890)
e (Qp — MOTOK M3/IyYeHHsI C MMOBEPXHOCTHU JIUCKA — M3BECTEH:
3 GMM
= ————q(r). 8.91
Qo YR (r) (8.91)

Ham ymo0HO mHTErpupoBaTh ypaBHEHUsI C HMOBEPXHOCTH K SKBATOPY, TAK UYTO IapaMeTpU3yeM
BEPTUKAJIBHYIO KOOD/IMHATY CJIETYIONIIM 00pa30oM:

z = z(1— (), (8.92)

npudeM ¢ = 1 oTBedaeT IKBATOPHUAILHO MI0CKOCTH Jaucka, ( = 0 9To 1moBepxHOCTD JincKa. [Ipesrro-
JlaraeTcs, 9TO PaJIMalliOHHOe JIaB/IeHNe HE3HAUUTEIbHO 110 CPABHEHHMIO C Ta30BBIM JIaBJIEHHEM. JTO
MOKET OBITh HE TaK BO BHYTPEHHUX YaCTAX JMCKa. TeM He MeHee, ¢ 3TUM IPEJIIOIOKEHIEM:

r
P = P, = —pT, (8.93)
W
Popp
= 8.94
= R (8.94)

U co BBeaennbiMu obosnadenusamu cuctema (8.89) cranoBuTC:
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(dp  222up 15 , p? 28 .

ac - 853790 5(1—C)—8—7T77éL Png(l—C)SmQX,

do  2Pyuzop

d¢ RTX,6’

d9 3 QOROPSHMLHZO pt (8.95)

d_C 4 acé)%b+1TOL+’Y+5 q0L+’7+47
dqg  3u.aPyz

lac - 2 Q, ©

YT00bI B ypaBHEHUAX OCTAJIOCH TIOMEHbIIE KO MUITMEHTOB, BHIOEPEM:

2Qo
FPp=—" 8.96
Q2221
T, = —&08 8.97
0 % ) ( )
2Popzo
Yo = . 8.98
"7 R, (8.98)

Torna dpuHaIbHAST cUCTEMa YpaBHEHU BEPTUKAJIBHON CTPYKTYPHI I 6€3pa3MepHBIX HepeMeH-
HBIX P, 0, 0, ¢ TaKOBA:

(dp  (p
ac (5—/\/‘) (1=,
do p
ac 6’
S dg . gp+! (8.99)
d_c - 0L+’Y+47
dqg B
L dC b,
riae )
3 QOFGOPSJr MLHZO
K=- ’ , (8.100)
4 acéRL+lTO+'7+5
15 5 [z20\3/re\T2 1,
= — — — — ) 8.101
M A IGL < r ) ( r ) g(r) X ( )

Jlns 3ayianbnoro r u kodddunuent K, n koadduiment M 3aBUCAT TOJTBKO OT BBICOTHI JIUCKa, 2.
Ecim ykazanbr 4 Ha9aIbHBIX YCJIOBHS Ha MOBEPXHOCTU U 1 TPAHUTHOE YCJIOBUE B ILJIOCKOCTU CUMMET-
pun JucKa, 3ajiada Jijisd onpejesieHns 4 6e3pa3zmMepHbIX (PYHKIUN U BBICOTHI JINCKA 2 MOCTABJIECHA.
Bamerum, uTO 11pu HyJIeBoM yriie X = (0° 9Ta cucrema ypaBHEHUT IEPEXOUT B yPABHEHUS JIJIsI CTAH-
JAapPTHOI'O JIUCKa, U MAalrHUTHOE I10JIE BJIMAET Ha CTPYKTYPY TOJIBKO 9€PE3 TEH30PD BA3ZKUX HaHpﬂ}KeHI/Iﬁ

Wi,

8.2 HagaabHbIE 1 rpannvHdbIi€ YCJIOBHUA

[TockosibKy MBI OyjeM MPOBOJIUTH MHTerpupoBanue ypasaenuit or ( = 0 Kk ( = 1, 4T0 cooTBeT-
CTBYeT MHTErPUPOBAHUIO OT TOBEPXHOCTH JINCKA K €r0 dKBATOPUAIBHON IJIOCKOCTHU, JTOTOBOPUMCH
Ha3bIBATh “HAYATBHBIMI® YCIOBHs HA TIOBEPXHOCTH JHUCKa (TIOCKOJIBKY OHU OY/IyT HAYAJIbHBIMU JIJIs
cucrembl ypashenuii (8.99))), a rpaHUYHBIME — YCJIOBUS B IJIOCKOCTH JIUCKA.

Bynem orcunThiBaTh ONTUYECKYIO TOJIIILY T CHAPYKU BHYTPb JIMCKA:

T(2) = — /Z Krpdz. (8.102)

o)
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Jlnst coBmecTHOTO yueTa 3(D@PEKTOB paccesHus U TOTJIOMIEHUS BBOJAUTCH P DEKTUBHAS ONTHIE-
ckag ToJima. B npubmmkennu cepoit porocdepbl adheKTrBHAs ONITUYIECKast TOJIA HabUpaeTcs: Kak

(Zel’dovich & Shakura 1969 |[37]):

Ters(2) = —/ V Kabs (Fse + Fabs) 2, (8.103)

oo

TJIE Kaps, Kse — HEITPO3PAYHOCTU 110 TOIJIOMIEHUIO U PACCESTHUIO COOTBETCTBEHHO.
st TemmepaTypbl B poTocdepe 0KOJIO MIOBEPXHOCTH JIMCKA UCIIOIb3YeM MPHUOJINKEHNE O JIJIMHT-
TOHA!

1 3 1/4
T =T, <§+ZT> . (8.104)

OrmpeenM OBEPXHOCTD JUCKA KAK TAKyI0 TOUKY, THIE T.ff = 2/3. DTO gaer:

T(20) = 2/3, KpPaMepCOBCKasi HEITPO3PAYHOCTb,
I rz0)  JruT) g — 973 TommconoBeKas Henpos (8.105)
0 " =2/3, PO3PATHOCTD.
st 6e3pasMepHoii TeMIIepaTyphbl, TAKUM 00pa3oM, HAYAJbLHBIE YCIOBUSA TAKOBDI:
Terss KPaMepCOBCKasl HEIPO3PaIHOCTb,
9(0) N TO - 1 3r 1/4 (8106)
(3 +25)""T.;p, TOMICOHOBCKAs HENPO3PAMHOCTD.

Tenepb Has0 MOHATH, Kak BejeT cebs P(7) B dorocdepe. D10 HYKHO Kak IS OHPEIETCHUs
HAYaIbHOTO yCJIOBUS JIJIs JABJICHNS, TaK U JIIsT HaxoxkKjeaus 7. Paccmorpum ypasrenue (8.84). Pas-
JIeJITIM 00e 9acTH 9TOr0 YPpaBHEHHS Ha Kk U 3aMeTHUM, UTO kpdz = —dT:

d 52 12 RO2
P— (P - MEL m 2 X + (béhw) = MT(T)g/2 Kpawmepc,

d 16776

d ! 577%;LZQT ) ) ZOQ%HO (8.107)
— | P+ —="si by)or | = T .
o ( + s S X+ (b3)2 ) " OMIICOH

[Ipeanosaraercs, 9T0 BepTUKAJbHAA KOOP/IMHATA MOYTU HE MEHSETCs, MOKa B ¢orocdepe Ha-
Gupaercst ONTHYECKAs TOMMA Tofp = 2/3 n 2 & zp. Ucnonssys (8.104), moxkHO mponHTerpnpoBaTh
ypasrenue (8.107) o 7' € [0, 7] uucienno or P(7 = 0) = 0, 9T06bI NOJYIUTH HAYAJIBLHOE YCIOBUE
it gasienns Ha dorocdepe P(7epp = 2/3). dus caydast pi, = 0 J€rko mOIyduTh aHATNTHIECKOE
pelleHue:

20RO2 Tg/2 1/2
keff Kpawmepc,

p(0) - Py = ) Rom (8.108)
ZOI?T:T Tomricomn,
rie
39 1\ 17/8
8= = 1-— (5) ~~ (.484, (8.109)

970 HoJTHOCTBIO cortacyercst ¢ Ketsaris & Shakura 1998 [35].

Pemennst ¢ p,, # 0 He3HATUTEIHLHO OTIIMIAIOTCS OT PEIICHUH C UCIOJIBE30BAHIEM TAKOIO AHAJNTH-
geckoro Bblpaxkenns. Ha puc. [§ npusesen pesysbrar pacdera pacupe/iesenns 6e3pasMepHoii Temiie-
paTyphl B JINCKE 110 BEPTUKAIBbHOI KoopauHare 0(z/2) ¢ aHAJIUTUIECKUM U YUCIEHHBIM HAYAIbHBIME
YCJIOBUAMMU JIJI51 JaBJICHUW . PaSHI/IHa II0YTHU He3aMeTHa I'VIa30M: MOZKHO HCIIOJIB30BaTh aHAJIUTHUYICCKOE
BbIpa2KeHHe JJ1gd Ha9aJIbHOT'O YCJIOBUA Ha JaBJICHHUEC.
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JLnst 6e3pa3MepHbIX TTOTOKA M ITOBEPXHOCTHO IJIOTHOCTU HA4YaJbHBIE YCJIOBHUS CTABATCS IIPOCTO:

o(¢=0)=0, (8.110)

q(¢=0)=1. (8.111)

ILOHOIIHI/ITGJIBHOG I'PaHUYIHOE YCJIOBUE CJIEYET U3 CUMMETPDUN CUCTEMbBI OTHOCUTEJ/IbHO 3KBaTOpPAa:

(¢ =1)=0. (8.112)

Pemas cucremy KaK CHUCTEeMY OOBIKHOBEHHBIX JuddepeHnnaabHbX ypaBHEHN, HAJIO Ba-
pPbUPOBaTh ITapaMeTp zg TakK, 9TOOBI yIOBJIETBOPUTH TPAHUIHOMY YCJIOBUIO .

Ketsaris & Shakura Beesmn yeTbipe napamerpa Il 4, KOTOpbIe B UX MOJXO/IE JIOJXKHBI OBITH OIIPe-
JIeJIEHBI, pemasl 3aJa49y Ha cOOCTBEHHbIE 3HAUEHUs. DTH IapaMeTPhbl TaKOBBI:

(1 _ zin
1 §§TC Y
Il = 9 . )
20
V. _ olris, (8.113)
3 Wm&,u ) \
1, = 5 (Terr) Zeropt
e\ )

31ech BeJIMIUHBI ¢ 0003HAYEHNEM ‘¢’ — 39TO BEJIMYUHBI B IIEHTPE JIICKA.

B mamewm moxose 3Tu mapaMeTpbl MOTYT OBITh paCUMTAHBI TIOC/IE pelleHuns KpaeBoil 3amaan. C
1IEJIBI0 TeCTUPOBAHUS KO/, KOTOPBIM YHC/JIEHHO PEIaeT BbIIIMCAHHbIE BbIIIE YPaBHEHUs, Mbl CPaB-
HIJIA HEKOTOPbIe IOCUYNTaHHbIe Hamu II-rmrapaMerpsl [JIst HyJIeBOrO MoJsl ¢ pesyiabraramu Ketsaris &
Shakura. Pesyaprars! copnaau ¢ TognocTbio 1073,

8.3 Pe3yabTaThbl pacdeTra BEePTHUKAJIBHON CTPYKTYPhI

OcHoBHOII pe3yJIbTaT HACTOSIEH PAbOTHl — pacdeT BEPTUKAILHON CTPYKTYPhI 3aMATrHUYEHHOT'O
akkpenuoHroro jucka. Ha puc. [9] npuseseno pacnpejesenue napaMerpos jucka — Ge3pasMepHbIX
JIaBJIEHUs P, TEeMIEPATypbl §, SHEProBBIJCICHU ¢ — IO ToJImuHe aucka. CpaBHUBas CTPYKTYPY,
pPaCYUTAHHYIO B HPUOIHKEHUN KPAMEPCOBCKO HEIPO3PAYHOCTH (PUCYHKH CJIeBa) M TOMIICOHOBCKOM
HENPO3PaYHOCTH (PUCYHKH CIIPaBa), Mbl IIPUIIJIN K BBIBOJLY, YTO BRIODAHHASI MOJIE/Th HETPO3PAYHOCTH
caabo MeHsieT paclipejiesienre napamMeTrpoB B jucke. [lo sroit npuunne nasee B pabore BCIOJY B
pacyeTax UCIOJIb3yeTcs KpaMepCOBCKasl HEIIPO3PavYHOCTb.

C npyroit CTOPOHBI, CPABHUB KPUBBIE JIJIsi CTAH/IAPTHOTO JUCKA W MOJeJeil mepecoeInHeHnsT 1
b dy3un, MOKeM yTBEPKIATb, UTO TaKue aKKPEIMOHHBIE JIMCKH, ITO-BUJIUMOMY, TOJIOOHBI JIPyT
JIpYTY € OOJIBINIOM TOYHOCTBHIO, & MArHUTHOE TI0JIe TIOYTH He MeHseT OTHOCHTETbHON (hOopMbI Mpodu-
Jieil perieHnil ypaBHEHUN BEPTHKAIBHON CTPYKTYDBI JIMCKA JAKe [P CUJIHHBIX TOJIIX (MMeeTcs B
BUJY, JlaXKe IPU TaKUX [OJAX, YTO IPU JlaJIbHEHIeM yBeJIMYEeHUU II0JIs YIJIOBas CKOPOCThb CYIIle-
CTBEHHO OTJIMYAETCH OT KEIJIEPOBCKOW MJIN JlazKe O0palaeTcs B HYJIb, CM. Pa3es . SameTnm, 9TO,
XOTd aKKPEIUOHHDbIE JIUCKKA 0€3 MArHUTHOIO I10JIs U ¢ MAarHUTHBIM ITOJIEM ITOJI00HBI, HO abCOJIIOTHOE
3HAYEHHE TIOJIY TOJIINHBI 2 MOZKET CYIIECTBEHHO OTJIMIATHCS OT CTAHJAPTHOIO JMCKa, CM. pas/es [J]
[TockobKy apamMeTp 2y BXOJUT B XapaKTepHble 3HavdeHus Ly, >, T, TO aOCOTIOTHbIE 3HAYEHUS TEM-
[EPATYPDI, JIABACHUS U JIPYTUX (PUNICCKUX BEJIMUYUH B 3aMATHUYEHHBIX JIMCKAX MOTYT OTJIUYIATHCS
OT 3aMETHO OTJINYaThCs OT CTaHJIaPTHBIX.
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Um=103°, a=0.1, M=10g/s, r/r0~1.2

— X=0°
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—_— x=90°
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Um=10%, a=0.1, M=10g/s, r/r0~1.2
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4x 1072
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Puc. 8: Pacnipeiesienne reMepaTypbl B JIUCKe ¢ KpaMePCOBCKOM HEITPO3PAYHOCTHIO, BHIYUCJIEHHHOE C
AHAJIMTUIECKUM HaYaJIbHBIM yesioBueM Ha P kak B ypasuerun (8.108)) (pucyHoOK cBepxy), U ¢ Ha4aJIb-
HBIM yCJIOBUEM, ITOJIY IeHHBIM YHMCJIEHHBIM perieHreM ypasHenus ([8.107)) (pucynok cuusy). Cronisas
JIMHUS — PEe3yJIbTAT JIJId CTAHIaPTHOM MoJie/ i 6€3 MArHUTHOT'O 1101, IIYHKTUPHAs JTUHUS — JIJId MO-
qen b dy3un 1oJIsg, TPEPBIBUCTA — JIJIA MOJICJIM TIepecoe IMHeHns JIMHUHN 11oJis1. BepTukaibHas
CTPYKTYPa PacudTaHa Ha PacCTOSHUM OT IeHTpa r = 1.3 - 107 cM wmm r ~ 1.2rg, ecau 7o B34TO JId

ciaydas x = 90° mogemu muddysun. MarduTHbI MOMEHT yKa3aH B equHuIax ¢ - cv,

MaruuTHOe 110J1e MeHseT HavYaJIbHbIe YCIOBHS JIJIs JIaBJI€HU ra3a U, KOCBEHHO, JIJIT TEMIIEPATYPhI,
7 TT03TOMY KPUBLIE JIjIsl 3aMarHuIeHHbIX JIICKOB JIEYKAT, KaK IMPAaBUJI0, HUXKe KPUBBIX JIJIs CTAHIapT-
Horo jucka. OHAKO, pa3HUIA MEXKJIy HUMH CYIIECTBEHHA, [O-BUIUMOMY, JIUIIb s 9P HEKTOB HA
ITOBEPXHOCTHU JIUCKA — YTO MOYKET OBITh BasKHO JIJI pacyuera CIIeKTpa M3/Iy9YeHUs JIUCKa, CM. Pa3Jiel
[7l — u mouTn He3aMeTHA B IEHTPE JINCKA.

Uccnenyeym Biustaue mapaMerpos jgucka u H3 (M , O [Ly,) HA BEPTUKAJIBHYIO CTPYKPYTY aKKpe-
IIMOHHOTO JIMCKA. DTO BayKHO XOTs ObI IIOTOMY, UTO BJIUsIHUAE YIJIa Y Ha CTPYKTYPY JUCKA 3aBUCHUT OT
9TUX napamerpon. Ha puc. II0Ka3aHO paclipeje/ieHne TeMIepaTypbl 110 BEPTUKAJIU B JUCKE 1IPU
U3MEHEHUU TeMIIa aKKPeIlnun, abda-napaMerpa u MarauTHoro mojs H3.

Ob1iast 3aKOHOMEPHOCTh — YeM CUJIbHee BJIMSHIe MAarHUTHOrO 1oJist (dem GoJbie napamerp £ =
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Kramers opacity, x=0° Thompson opacity, x=0°

10°
o 107!
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Kramers opacity, x=0°,90° Thompson opacity, x=0°,90°
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Puc. 9: Pacipeenenne 6e3pa3sMepHbIX JaBJIeHUs P, TEMIIEPATYPbI f, SHEPTOBbIJICJIEHHUS ¢ 10 TOJIIINHE
jnucka. /IBa BepXHUX PUCYHKa — u — TMOCYUTAHHAs I HyJIeBOro yria Y = (0 BepTuKasb-
Has CTPYKTYpa B IPUOIMKEHIN KPAMEPCOBCKOM (CJIeBa) U TOMIICOHOBCKOIA (CIIpaBa) Hempo3padHOCTH.
CrutorHast JIMHUST — Pe3yJIbTaT JJIs CTAHAPTHON Moje/n 63 MarHUTHOTO IOJIsA, IYHKTUPHAS JIH-
HuA — Jjid Mojienn Judy3un, IpepbIBUCTas — JJIsi MOJIeJIA TlepecoeuHeHnsi. HikHue pucyakm —
Bapualil BEPTUKAJIBLHON CTPYKTYPhI B 3aBUCUMOCTH OT yTIJIa X JJIsd Moje/ u auddy3un mojsi ¢ Kpa-
MEpCOBCKO (CJieBa) M TOMIICOHOBCKOIi (CIpaBa) HeIpo3padHOCThio. TOJICTHIMU JIMHUAMI OTMEYECHDI
mozeu ¢ x = 0° romkumu — y = 90°. BeprukajibHasg CTpyKTypa pacunTaHa Ha PACCTOAHUM OT
nentpa r = 1.4 - 10" eM mwm r & 1.3rg (ry B3gTO M1 canyvass x = 90°B momesn mucdysum). Temm
aKKPeIuun M= 10'r /¢, marauTbinit Mmoment p = 10?9 Tc - em®, oo = 0.1 ji/1s Bcex PUCYHKOB.

To/T¢), TEM CHJIbHEE YIOJI X BJHseT Ha CTPYKTYpy mosist. [Ipwm yBesmdeHun temia akKKpPEIUH 5TO
BJINAHNE CHH2KACTCdA, a IIPpU yBeHI/IquI/H/I MaTl'HUTHOI'O IIOJIA BO3PacCTaceT. KpOMe TOro, HOCKOﬂbe JJIA
CTAHJAPTHOrO JucKa Y o< M /qi, CTPYKTYpa MEHsIeTCsl IIOXOKIM OOPA30M, eCIIH Mbl YBEIHIHBAEM
remn akkperun B 10 pa3 npu pUKCHPOBAHHOM (--IIApAMETPE M €CJIM Mbl YMEHBIIAEM Q-IIapaMeTp B
10 pas npu pUKCHPOBAHHOM TeMIle AKKPEIUH.

Brpouem, 3aBHCHMOCT OT yIJIa U OT MOJIE/IH HACTOJIbKO HesHauuTesibaa (10 10 %), uro B pacuerax
BEPTUKAJILHOI CTPYKTYPbI MOZKHO ITPOCTO Ttosiarath X = 0, 1 Torjia n3 BoIpazkeHus ajida W, , BbllagaeT
9JIeH, TPOIOPIMOHAIBHBIN 2 /7', 9TO YCKOPAET BBIYUC/ICHUS.
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Um=10%, a=0.1, M=10g/s, r/r0~1.2 Um=10%, @=0.1, M=10%g/s, r/r0~1.2

— x=0°

— x=0°
— x=60" — x=60"

— x=90" 10-14 — x=90°
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3 3
2x1072 3 2x1072
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
2/zg 2/z
(a) (b)
Um =102, @=0.01, M=10Yg/s, r/r0~1.2 Um=3-10%°, a=0.1, M=10%g/s, r/r0~1.2
— x=0°
- — x=60°
101 _ 1:90“ 1011
@ )
1072 1072
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Z/Zo Z/zg

(c) (d)

Puc. 10: Bapwuamun BeprTuKa/j bHOI CTPYKTYPHI Ha INpuMepe Oe3pasMepHOil TeMIepaTypbl ¢ Hapa-
Merpamu jucka (ganbl Ha rpadukax). Puc. [10(a)| sro B Tounoctu puc. 8(b)], on npusesen kak pe-
dbepenc -HabOp HmapaMeTpoB, KOTOPbI MbI OyjeM HasbiBaTh "o0braHBIME (§ = 19). [lapamerps! Ha
puc. '0bbIUHBIE’, KPOMe TeMIla akKKpermn, KoTopbiii B 10 pas 6osbire (£ = 10). Ha puc.
BCe mapaMeTpbl '00bIYHBbIE’, KpOMe a-TlapaMeTpa, Kotopbiil B 10 pas menbiie (£ = 19). Ha puc.
napaMeTpbl '00bIUHbIE’, HO MAHUTHBIH MOMeHT BTpoe Gouibiie (& = 36). CiuiomHas JTUHUsST — Pe3yJib-
TaT JJIs CTAaHJAPTHON Mojen 63 MarHUTHOTO I10JIsl, IIYHKTUPHAs JIMHUS — I Mojesn auddys3un,
[pepbIBUCTAS — JJIsT MOJIe/ N Tiepecoeinaenns. Jacrora Bpamienus H3 foqo = 1.
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9 PanuanbHasi CTPyKTypa

Ha puc. npuBeJeHa 3aBUCUMOCTD OTHOCUTEJILHOI IIOJIyTOJIIIUHBI JHUCKa Z(’I")/’f‘ OT PacCCTOA-
uust 1o H3. Wcenemyem, BO3MOXKHO JI TaKoe, YTO Ha MPOTSKEHUU BCEHl PEHTTEHOBCKOW BCIIBIIIKH
AKKpenupyonero MmjImCEKyH/JIHOI'O IIyJIbCapa paduaJibHad CTPYKTYpPa CYIIECTBEHHO OT/IMYaeTCd OT
cTaHAapTHOMN. JLIst 9TOro BO3bMEM XapaKTepHBIH /IS IHKa BCIBIIIKY TeMIl akkpermn My = 1 u Oy-
JIeM yBeJIMYUBATh MArHUTHBIH MOMEHT 3Be3/1bl. 1pn MarnuTHbIX MoMenTax 3Be3anl B < 1028 I'c-em?®
OCHOBHOE€ OTJIMYHE OT CTaHIapPTHOI'O JUCKa UCXOAUT K3 OTIMYUNA IIOJIOZKCHUA BHyTpeHHeﬁ I'paHuIbI
JAUCKa T'g OT IIOJIO2KEHU A I'PaHUIIbI B CTaHAAPTHOM AUCKE. ﬂa}Ke IIpu CpaBHUTEJILHO He60ﬂb]_HI/IX ITIOJIAX
To MOXKET CTaTh B HECKOJIbKO pa3 Goibiie Rigco, W3-3a Y€ro SHEProBbIIeIeHIe T1a/1aeT (BCe paccyK-
JeHud IIpOo 3aBUCUMOCTDb SHEPI'OBLIJACJI€HUA OT yfﬂa X, IIpuBeIeHHbIC B pa3aesie @, CIIpaBeJINBLI U
3J1€Ch ).

Um=10%" G-cm3 Um=10%2 G-cm?

3x1072

% 2x1072
N

1072

6x1072

-2
_ 4x10
3 -2
$ 3x10

2x1072

1072

Ireor rreor

(c) (d)

Puc. 11: 3aBucuMOCTb OTHOCHTEJILHOM TIOJIYy TOJIIMHBL JIUCKa 2o(r) /T 0T paccrostust jio nenrpa H3,
BBIPA’KEHHOI'O B €JIMHUIAX PaJIdyca KOpoTaruu. [lapaMerpbl cHCTeMbI OCTOSTHHBI 38 HCK/IIOUeHUEM
JUTTOJILHOTO MOMEHTA, [1,,,. Puc. [L1(a)| coorsercrnyer p,, = 10?7 Layce-en®. Ha puc. [11(b)] [11(c)} 11(d)]
MarauTHbIit MoMenT Oosbiie B 10, 100 m 1000 pas3. M = 10V r/c. CrutorHast JIMHAS — Pe3yJIbTaT
JUIS CTAHJAPTHON MOjen 6e3 MArHUTHOTO IMOJIs, yHKTUPHAS JIMHUSA — Jis Mogjen muddysun,
IpepbIBUCTas — JJIsl MOJIEJIU Tlepecoe/inHennst. Ha Bcex pucyHKax GJIeHBIM OKa3aHa aCHMIITOTHKA
z/r ~ rY/® a ma ABYX HUKHNX PHCYHKAaX elle acHMITOTHKa z/1 ~ 11/20,

B peasbHOIT peHTT€HOBCKOI BCIBIIIKE, KOHETHO, MeHsieTcsd He MaruuTHoe moje H3, a temm ak-
kperun. 3aduUKCUPyeM MATCHUTHBIH MOMEHT [isg = 1, XapaKTePHBIN I TAKUX BCIIBIINIEK, U OyIeM
YMEHBIIATH TEeMII aKKPEIIUN OT MHKa M7 = 1 na HeckombKo nopskos. Ha puc. [12/ mokasano, kax mo-
JIyTOJIIIIMHA, TUCKa MEeHSeTCsl B TedeHne TUIMMIHON PeHTreHOBCKO BembimKu. [Ipn Gombmmx TeMirax
AKKPEIUU BeIecTBO “IpojiaBinBaeT’ MarauTocdepy 110 rg = Risco, ¥ CTPYKTYPa JTUCKa HEOTIUINMA
ot ctangapTHoit. C yMeHbBIIEHHEM TeMIIa aKKPEIun MaruuTocdepa OTOABUIaeT BHYTPEHHIOI I'PaHU-
Iy BSI3KOI'O JIMCKa JaJjbllle, OJHAKO CTPYKTYpa BCe ellle KBa3U-CTaHapTHAas, IMOCKOJIbKY MarHUTHBIE
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uieHbl B W,y 1 B ypaBHEHHAX BEPTUKAJIBLHON CTPYKTYPhI IPEHEOPEXKUMO MAJIbL.

109 fm = 26, log M =17

log um = 26, log M=16

6x1072| — x=0° 4x1072{ — x=0°
— x=30" — x=30"
4x10-2| — x=60° 3x1072{ — y=60°
—_— x=90" — x=90°
L 3x107? L 2x1072
3 3
N 2 x 1072 N
1072 ;
. !
10 6x1073{ '
10° 10! 10?2 10° 10° 10! 102 103
rfreor rlreor
(a) (b)
log um = 26, log M=15 log um = 26, log M=14
3%x1072{ — y=0° 2x1072{ — x=0°
— x=30" — x=30°
2>(10_2 — x=60" — x=60°
— x=90° — x=90°
- - 1072
3 3
N 10724 N
6x1073
6x1073 4%10-3
3x1073
10° 10! 10?2 103 100 10! 102 103

rreor rreor

(c) (d)

Puc. 12: BaBucuMOCTh OTHOCHTENIBHOM TTOJIY TOIIUHDL AUCKa 2o(7) /1 0T paccrosnus 10 rentpa H3.
ITapaMeTpsl CHCTEMbI OCTOSHHB 33 MCK/IIOYEHIEM TeMIIa akKperun M, 9To COOTBETCTBYeT 3aTy-
XaHMIO aKKPEIMH BO BPEMsI PEHTI€HOBCKOMN BCIBIIIKA. Prc. coorsercteyer M = 107 r/c. Ha
puc. [12(b)} {12(c)} [12(d)| Temnr akkpern menbire B 10, 100 n 1000 pas. pos = 1. Crtomuas jmaus
— pe3ysbTaT Jis CTAHJAPTHONW Mojesn 6e3 MarHUTHOIO IOJIsl, IyHKTHPHAA JTHHUA — I MOJIENN
Juddy3un, IpepuIBUCTasT — JIJIS MOJIEIN [I€PeCcOoeINHEeHHs.

Buas mapamerpsr I 4, MOXKHO pacuuTaTh pPaJuaibHyIo CTPYKTYPY aKKPEIHOHHOTO JIHUCKa
(Suleimanov et al. 2007 [36]). Pernas (8.113)) kak cucremy anrebpandecKux ypaBHEHHH OTHOCHTEIBHO
20(r), Tw, Xe, pe JUIst CIIydasi KPAMEPCOBCKO# HENPO3PATHOCTH, OJIyIaeM, HAPUMED, st 2o(r):

2o(r)/r = O.0205m;3/8M137/2004_1/10R%8g(7’)3/2(]#(;2/811?,, (9.114)

rie

1/40

I, = (II}°I1; 510, %) (9.115)

IIpu r — oo jyist crangapTHOro jucka g(r) ~ 1, a js cubHOro MarauTHoro noss g(r) oc 1/+/r
(em. pasgmen [7] mas mogpobHOTO 00CY K IeHNUs ), mosToMy U3 ypasHenwus ((9.114)) momydaem acummnrorn-
KU:

2o(r) /1 oc /8,
1/20

ciaboe mnose, (9.116)

zo(r)/r o< r CUJIBHOE TIOJIE.

[TepBas acMMITOTHKA — U3BECTHOE BhIpaxkenue i 30ubl C cTangapTHOrO Jucka. Bropas acuMiTo-
THKa COBIAJIAET C BBIPAsKEHEM JIJIs MePTBBIX jnckoB (Sunyaev & Shakura 1977 [31]).
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Hng cranmaprHoro jaucka 11, n3mensiercs B quanaszone & [1, 3] ms mupokoro pazbpoca mapamMer-
POB JINCKa, MOXKHO UCIOJIB30BaTh almpokcumanmio 11, & 2.6 kak xapakrepHoe 3uadenue (Suleimanov
et al. 2007 [36]).

ITonsenem utor. Ilpu Gonpmux £ 3amerno moaudunupyercs Tenzop W4, 3a caer dero mo cpaBHe-
HUIO CO CTAHJIAPTHBIM JIMCKOM pPacTeT SHEPTHs, BblJe/sdeMast BASKIMU CUJIaAMU, & TaKKe MarHUTHOe
JIlaBJIeHNEe, KOTOPOEe CTPEMUTCA “Pas3ayTh’ JIMCK, CJIeJIaTh €ro TOJIIEe. 3aMETHUM, UTO JIJI TOTO, ITOOBI
pajimajbHas CTPYKTypPa 3aMeTHO OTJINYaJIach OT CTAHJIAPTHON JlaKe B IUKE BCIIBIIKH, HEOOXOIMMO
roJjie 10g (i, ~ 29, 9T0 HepeaJMCTUIHO i YacToT nopsijka pamennd H3 f = 100—500 Hz npu kBa-
sucraruoHapHoit akkpernun. CorJiacHO OOIIEPUHATON KapThHe B C/Iydae KBa3UCTAIMOHAPHBIX IIPO-
1IeccoB Ipu Takux napamerpax H3 Oyaer B cragum “sxkexropa’, u akKperus He OyJ1eT MPOUCXOIUTD
(Shvartsman 1971 [38], Illarionov & Sunyaev 1975 [39]). Oxnako cyiiecTBeHHAsT HECTAIIMOHAPHOCTh
MIPOIECCOB MOXKET U3MEHHUTDL TaKoe IMOoJIoKeHue Jiesl. Takue 00beKThl MOI'YT CYIIECTBOBATD, €CJIH Ha
HeJIaBHO POXKJICHHBIH ITyJIbcap MajilaeT MHOT'O BEIeCTBa, a MeXaHUu3M Ipolie/iepa pabotaer Heahdek-
TUBHO (HAIIPUMED, BEIIECTBO MOXKET HAKAILIMBATLCS HA IPAHUIE MArHUTOCHEPHI U MPOJIAB/INBATD €&
BHYTDb PaJinyca KOPOTAIIUN ).
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10 3akJjrouyeHue

B nacrosieit pabore uccieoBaHa CTPYKTypa aKKPEIHMOHHBIX JMCKOB BOKPYT 3aMarHHYEHHBIX
3Be3J] Ha IIPUMepPE JUCKOB BOKPYT' HEHTPOHHBIX 3BE3I.

[TocunTaB HEOUEBUTHBIM ITPEJIITOI0KEHNE O TOM, ITO yIJIOBas CKOPOCTh B 3aMarHUIE€HHBIX JTUCKaX
OOBIYHO CYNTAETCS KEIJIEPOBCKOM, B pasjiesie [5] Mbl KpaTKo nccie/JoBaIi BIMSIHIE MAIHUTHOTO HOJIs
Ha YIVIOBYIO CKOpPOCTBH B jucke. OKa3ajoch, 9TO Takoe NMPUOJINKEHNEe OIPaBIaHO JIJIsi MArHUTHBIX
MOMEHTOB HeHTpOHHOH 3Be3Abl L, < 3-10% Tc- cMm® mag Temna akkpenuu M ~ 10Y7 r/c (upn
XapaKTePHOM JIJIsi aKKPEIUPYIOIINX MUJIUCEKYHJIHBIX MIyIbcapoB dactore H3 fogo = 1).

B pasjese [6] mosryaensr obpe ypaBHeHHsT IEPEHOCA YITIOBOIO MOMEHTA, IIPHMEHNMBbIE JJIst JIF00O0i
MOJIEJIN HAaBEJICHHOI'O TOPOUIAJIBLHOIO MATHUTHOTO TO0JIA B Jiucke. [loyiydeHbr u mpoaHaJm3upOBaHbI
ypaBHEHU IS TTOJIOXKEHUA BHYTPEHHET'O PAJIMyca BA3KOrO JUCKA. XapaKTEePHON 0COOEHHOCTHIO Ha-
IIIero Mo/IX0/Ia ABJISETCd CJI0YKHAas 3aBUCUMOCTb BHYTPEHHETO pajumyca rg OT Temia akkperuu. [Ipn
OOJIBIIINX TEeMIIAX aKKPEIuu 7y oX M2/ 7, YTO XapaKTePHO JIJId MIPOCTEHNIeil MOAean B3auMOei-
CTBUSA MarHuTOCGEPHI C JTUCKOM B IIPEJIIIOJI0KEHNH TOCTOTHCTBA KO3 (PUITUEHTa TTPOIIOPIIMOHAIBHO-
CTU MEKJIy BHYTPEHHUM ¥ asibhEHOBCKUM PaJuycaMu 1o /r, = const. IIpn MasibIx TeMax akKperun
BHYTPEHHUIT pajinyc CTPEMUTCS K Pajuycy KopoTanuu (Ipu HyJIeBOM yIjle X HaKJIOHA MArHUTHON ocu
H3 K ee ocu BpalleHusi) Wik K PRJIUYCy, Yy Th IPEBBIMIAIOINIEMY KOPOTAIMOHHbIH pajmyc (mipu x > 0).

B npeamnonoxkennn Topon1aabHONO MAarHUTHOTO TIOJISA, Uhsl NeHEpAIldsl JUMUTUPYETCs JIMOO Typ-
OysienTHOI auddysueit moJid, aubdo mepecoeIMHEHNeM JIMHUI 110JIsI B KOPOHE JINCKa, BbIBEJIEHbI BbI-
paskeHusI JUI 7 H-KOMIIOHEHTHI BSI3KOT'O T€H30pa B 3aBUCUMOCTHU OT yIJIa HAKJIOHEHWSI MArHUTHOW OCH
JIAIIOJIS B BUJIE PA3JIOXKEHHS 110 MaJIOMy napamerpy z(rg)/ro, OTHOCUTEILHOl TTOJIy TOJIIUHBI TUCKA HA
BHYTpEHHEM paJjiumyce. Bripazkenue i BI3KOr0 TEH30pa CBOJUTCS K 00bIdHOMY BhIpakenuio [1laky-
pbl u CroHsIeBa B c/Iydae HyJI€BOI0 MAIHUTHOTO T0JIsI, & B ciiydae Y = 0 K BBIPAXKEHHUSIM, IOy YeHHbIM
B KRO7.

CrexTp AucKa B IPOCTERIIEM IPUOINKEHNT YePHOTEIHHOIO W31y YeHUsI OBbLI PACIUTAH B pa3ieie
[7 IIpu MaJIbIX HOJISX CHEKTP KBa3HU-CTAHIAPTHBIN ¢ TeM OTJINYUeM, YTO BHY TPDEHHUH paJiiyC He paBeH
Risco. Ilpu 6ombmux mossix cruekTp JOMUHHPOBAH MaruTHBIM I10JieM. B Hacrosieil pabore He OBLIO
IIOIBITOK JIETATLHONO MOJECIUPOBAHUS CIIEKTPOB, OJIHAKO MOKA3aHO, UTO JIJI OBICTPOBPAIIAIONINXCS
AKKPEIUPYIONINX MUJIUCEKYHIHBIX IIYJIbCAPOB ¢ OOBIYHBIM JIJIsT TAKUX OOBEKTOB MArHUTHBIM I10JIEM
Ha TOCJIEJIHUX CTaIUSIX PEHTTE€HOBCKOM BCIBIIIKN CIIEKTP MOXKET IOMEHSATb BUJI CO CTaHJIAPTHOTO Ha
JIOMUHUPOBAHHBII MATHUTHBIM [OJIEM (CIIEKTP MEPTBOTO JIUCKA).

B paszedie [§ Mbl onmcasn MeToJ| pacuera BEPUTHKAIBHOI CTPYKTYDPbI 3aMAarHUI€HHOTO aKKPelly-
OHHOTO jJucKa. B mpeanonoKennn JJIOMITHUPOBAHUS T'a30BOT0 JIaBJIEHN W aHAJTUTHIECKON HeIrpo3pad-
HOCTH (KPaMepCOBCKOI HJIM TOMIICOHOBCKOI) PACUUTAHO PACIpEIe/IeHHe TeMIepaTyphl, JaBJIeHMUs,
IIOTOKa TeIlIa 10 BbicoTe B ancke. OKasaaoch, 9TO BepTHUKAJIbHAsl CTYPKTYypa JHCKOB, HOPMUPO-
BaHHasl Ha XapaKTepHble 3HAUYEHUs, OYeHb Ca00 3aBUCAT OT MATHUTHOIO TOJIsI (B TOM YHCJIE U OT
MOJIEJIN MArHUTHOTO TOJIs) U HOYTH HE 3aBUCHUT OT YIJIA Y B PAMKAX IPEJIOJIOKEHUs, 9TO HABEIEH-
HOe TOpoHaJIbHOE TI0JIe by 1 ero MPOU3BOHAs 110 Z PABHBI HYJIIO BHYTPH JucKa. Takum obpasoMm, i
BBIYMCJICHUS] BEPTUKAJIBLHONW CTPYKTYPBI TIpeInoozKenrne Y = () HeIJI0XO BBITOJIHAETCS.

B paznene @ uccsreioBat npoduiib jgucka. [omyrommmaa () sBisieTcss mapaMeTpoM 3a/atdu, i
MBI CAMOCOTJIACOBAHHO HAIILJIN €€ C IOMOIIBIO METOJIOB, ONUCAHHBIX B pasjese[§l Oka3anocs, 4To 0THO-
cuTesIbHAs TOJYTOMIIIHA 2(7) /1 MOXKeT CYIIeCTBEHHO OTJIMYAThCA OT CTAHAAPTHOrO 3HadeHus. [lpu
MaJIbIX MOJIAX JUCK CTAHOBUTCH TOHBIIE 3a CYET TOTO, YTO BHYTPEHHUN PAJINYC JINCKA YBETTINBAETCS
OTHOCHUTEJILHO CTaHAAPTHOTO. [Ipu OOJBIIUX MOJIIX MArHUTHBIE YJI€HBI HAYMHAIOT JOMHUHUPOBATH B
BBIDAKEHUN JIJIsl SHEPTOBBIJCTICHNS B JINCKE, U 3aBHCUMOCTH z(7)/T MEHSET BHJ, CTAHOBSCH GoJiee
rosioro#i. Mpl cauraemM, 9TO Hallla MOJEJb ¢ OTOBOPKAMHU MOXKET ObITh IPUMEHNMa K MEPTBBIM JIUC-
KaM, TO eCTh TaKUM, B KOTOPBIX aKKPeIlus Ha IeHTPaJIbHBIII 00beKT OCTAHOBJIEHA UeM-TO, HAaIIPUMep,
MarauTocdepoit. OiHaKo, OroBOPUMCs, 9TO aHAJOTHA ¢ MEPTBBIMHU JIICKAMU HETOYHA, ITOTOMY YTO
B HallleM II0JIX0JIe HeJIb3s FOBOPUTH O HAIIPSKEHUsX, JeHCTBYIONINX Ha BHYTPEHHUI Kpail JUCKa U
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YAEPKUBAIOIIIX €r0 OT aKKperun (CM. pas3zie @
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11 DbuaaromapHocTu
ABtop BeIipazkaet OsiarogapHocTb QOHY pa3BUTHS TEOPETUUIECKOH (hu3nKn 1 MareMaTuku «BA-

BUC» (momep rpanta 21-2-1-30-1) u rpanty Poccuiickoro Hayuanoro ®@onja (Homep rpanta 21-12-
00141).
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ITpniaoxkenue

A Bimsaawme monpaBKH MOpPsJKa OTHOCHUTEJbHOI IOJIYTOJIIIN-

Hbl K BA3KOMY TE€30DY

[IpuBemeM wTIOCTPAIMN K 3HAYUMOCTH TONPAaBKU Hopsijika 0y = 2(7g)/ro B BI3KOM TeH30pe B

dbopuyie (6.57) na npumepe mogenn muddysuu. Ha pucynke [13] na npumepe sasucumocteit z(r)/r
OKA3aH0, KaK pauajibHasg CTPYKTYPa JMCKa MEHICTCH B 3aBUCHMOCTH OT HaJIMYHs MOMpaBKu. [Ipu

HYJIEBOM yTJIe TOIIpaBKa, OYEBUIHO, HYyJIeBas, U pacTeT ¢ yBeandenueM yria. OHa CTAHOBUTCS CYIIe-
CTBEHHOI IIpu yriiax, 6yiu3knux K 90°, MOCKOJIbKY IPU TaKUX HAKJIOHEHUSX MAIHUTHON OCH OCHOBHOM
qJIeH CTPEMUTCS K HYJII0, a IOIpaBKa JOCTUTaeT MaKCUMaJIbHOTO 3HavdeHus. Pasauia mexiay y = 0°
u Y = 90° yMeHbITNaeTcA 110 CPAaBHEHHUIO ¢ MOJIEIbIO 6e3 ronpasku. KpoMe TOro, ¢ BKJIIOYEHHON IT0-

paBKoii Gosiee onpasano npudInKenue z(r)/r /& const, KOTOPHIM Mbl OJIb3yEMC.

Um=102G-cm3, a=0.1, M=10Yg/s
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Puc. 13: OrHOCUTE/IBHAST TIOJTYTOJIIIMHA JTUCKA KAK (PYHKIIAST PACCTOSHUS ITPU HECKOJBKUX yIyIax Y
it Mojienn auddysun 1mossd. ToJcTbIMUu JIMHUAMU TTOKa3aHbl KPUBLIE ¢ BKJIIOYEHHON ITOMPABKOIL,

TOHKOI — 0e3 3TOil oIpaBKH.

Ha puc. IIOKAa3aHO, KaK CIEKTD MEHAECTCA B 3aBUCHMOCTHA OT TOT'O, BKJIIOYCHA JIA IONPABKA B
BA3KUI TeH30p. Pe3ysbraThl, B 0011IeM, Te XKe, 9TO U JjId PaJUAJIbHON CTPYKTYPBI: €CJIU Mbl XOTUM
MOJIEJIUPOBATD JINCK B TOM YHCJe U IPU OOIBINX yIyIaxX X, B YPABHEHHAX HEOOXOINMO yJ/IePKUBATD
YJIEHBI 110 TIOPSIJIKY XOTst ObI JI0 2o /7T B IEPBOl CTeleHH, He MeHbIIe. MHaue MbI 1oy IaeM He CIIUIIKOM
dusnUHbIl pe3yIbTAT: €C/IU JUMOJIb JICXKUT B IJIOCKOCTH JIMCKA, OH MOYTH HE BJIUSAET Ha CTPYKTYPY
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Puc. 14: MoienbHBII CIIEKTP AMCKA IIPU HECKOJIBKUX YIJIax Y I Mojenn auddysun nosisd. TomacTo-
MU JUHUSIMA [TOKa3aHbl KPUBBIE ¢ BKJIIOUYEHHON MOIPaBKOi, TOHKOI — 06e3 9TOii IMOIpPaBKIA.

JcKa. Beipazkenusi, Britogarorme 3bdeKThl TOopsIKa z/1, BUANMO, YeCTHee YIUTHIBaOT 3(DdeKTh!
MArHUTHOTO TIOJIs, XOTh U 00Jiee TPOMO3/IKY.
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