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beccunoBas marautocdepa:
IIPOCTEUIINE AHATTUTUYECKUE PEIIICHUA
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Michel (1973) Bogovalov (1999)
S o sin® 6
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I IpOn3BOJILHBIN HAKJIOH - YUCIEHHO
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[ IpOU3BOJILHBIM HAKJIOH - YUCJIICHHO

* No magnetodipole radiation
* Larger energy losses for orthogonal rotator
* No monopole Michel-Bogovalov poloidal field

* Inclination angle evolves to 0 deg.

Problem 5.2. Show that the relation similar to (5.24) can be obtained for the
conical solutions ¥ = W(0), but only at large distances » > Ry from the
compact object. It has the form [Ingraham, 1973, Michel, 1974]

4rl(0) = Qr(0)sin O dr (5.25)

/ o’
E,=B

@
S.Gralla, T.Jacobson, G.Menon, C.Dermer (B,=0)



[ IpOon3BOJIBLHBIM HAKJIIOH - YUCIEHHO

* The shape of the current sheet
® = sinasinfsin(p — Ot + Qr/c) + cos O cos o

doesn’t depend on the azimuthal structure.

B, ~sin 60

* The general condition 1s to be fulfilled

Wtot (0) — Siﬂ2 983(9)




IlynecapHbIn BETEP

‘ oR,, I, =108

R,, = 30R, (this work)
Poynting-flux-dominated wind

I, =103

RL=106m | / ete”

Magnetosphere

v\

Termination shock

\

Wind acceleration zone

Kinetic-energy-dominated wind

/ R, =3x10"m
- -

|

Non-thermal nebula

Aharonian, Bogovalov, Khangulyan, Nature, 482, 507 (2012)




OTKPBITBIE BOIIPOCHI

* KakoB M€XaHU3M YyCKOPEHHUS YaCTUIl B BETpE?
* Kak 3BOIIOIUOHUPYET NYJILCAPHBIN BETEP?

* KakoBa BHYTPEHHSS CTPYKTYypa TOKOBOTO CJIOS ?



[Ipeapiaynme TeOpeTHYECCKUE PAOOTHI
Coronity (1990), Michel (1994)

Neutral Sheet

FY FARN 1J95 5
1 3 "  noxl/t"=Axr
| |
B! !
. . He ObL10 m1OJIy4€HO
b. b, :
B | CaMOCOINIaCOBAHHOE pelicHue!
| :
b : b? |
| Bryir? g { 8,,),:,5 ‘ Pi
I )
A+ k— 28— A




B03MOXHOCTh IEpEX0/ia B
COITYTCTBYIOIIYIO CUCTEMY OTCUETA

Lyutikov M., Physical Review D, vol. 83, Issue 12, 1d. 124035 (2011)

Wave-type solution for force-free magnetosphere:

20 = 520

Q=Q(r+t)
Fields in the laboratory frame

2 —
B, = _%BS?RS sin 6 tanh (7" Aﬁt)

2 —
B, — _ B o ganh (”” ﬁt)
r A




Ilepexoa B IBMKYIIYIOCA CUCTEMY OTCUETA

IIpy KOHEUHOM CKOPOCTH CJIOSI MOKHO OCYIIIECTBUTH IIEPEXO/ B
CONYTCTBYIOIYIO CUCTEMY OTCYETA. -
IToasg B 3TOM cucreMme:

 orthogonal

By= 2 f (@
Y4282 ¢t
B, R.z Kalapotharakos, Contopoulos, Kazanas, 2011
Eo= 525 50l () T S y——
VBt | S\,
* aligned
Bs Rs /2
B - 2 ()
Y262 ct” \ct
7o B, Ryz (z)
Y 92B2c¢42° \ct/ TIpum 3TOM ypaBHEHUS] MAKCBEIIA BBIIONTHECHEI

HE TOJILKO BHE, HO ¥ BHYTPH CJIOs!



OpTOroHaabHbIM ClIy4Yaun

B nepBoM npuONIMKEHUH KOHICHTPAIUA MEHIETCS Kak 1/£2,
no3ToMy f(x, ) 1O KHA MEHSITHCS Kak 1/t

f(x,t) = x/kct

Henz0e:xHO BOBHUKHOBEHHE Z-KOMIIOHEHTHI MOJISI, KOTOpas
OyZIET YCKOPATh YaCTHUIIbI!

[TapameTpsl cios:
O1neHka yCKOPECHHUS YaCTHIL:

k=1/4)\y dry o
max  KkDBs dt/to|,—,, 27
z 2cty2 32 o=

A = Ro'/3/4)y



BHYTpEeHHsS CTPYKTypa

KBaznanuabarndyeckuii naBapuaHT (Zeleniy et al., 2013):

LLry=1,= /pzdz ~ const

I[J'I}I OCCCUMMCTPHUYHOI'O Clay4asid

I, = (P4L)24(P,/ P)
\/S—I—_]_
B(s) = / VI~ (s e

—vs+1

N




IIpocToe pemenue

BaJiaHc 1aBiIeHUIl B yactHOM ciiyyae P.= 0 MOYXHO NIOJIy4YUTh

9 9 IIPOCTOE CaAMOCOTTIACOBAHHOE PEIICHUE:
nv° ~ B

1/2
YpaBHeHus Makcseiia L~ rmax ~
1
nv, ~ B/L nn~t
~ 41 /2

OpOUTHI YaCTHI] PACIITUPSIOTCS p

BMCCTC CO CJIOCM .

o motion of particle
I | inside current'sheet
Tma;x ” I >
||¢ v, |2 pAN :
drlft of partlcle

outside the current sheet



Pesyibsrarsl

[Ipodunap TOKOBOro CJI0S HE 3aBHUCHT OT
ACUMIITOTUYECKOIO MOBEJACHUS MOJIEH

beuIM 1mOJIy4€HBbI MO B ABHXKYIIEHCS CHUCTEME
oTcueTra. ECTh TOJIBKO JIBE BEAYIIME KOMIIOHECHTHI!

bbuio ommMcaHo moOBeIeHUE 4YacTUIl B CJIOE C
IIOMOILBIO KBa31aIua0daTuyeCKOro NHBapHaHTa

Ham noaxoa mO3BOJIIET CaMOCOITIaCOBAHHO
ONPEACIINTD IBOJIOAIO TOKOBOTO CJ104!



