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YckopeHue KJ1 yogapHbIMU BONTHaAMK

3ameuartenibHaa 0cob6eHHOCTb- Kpbtmckum 1977
CTeneHHOU CNeKTP YCKOpeHHbIX Bell 1978
yactuy y=(c+2)/(c-1), rape o cTeneHb
CXKATUA yAGPHOU BOSHLI, ANA
CUNBbHLIX yAApHLIX BONH c=4 and y=2
MaxcumansHas 3Heprusa E. . : D(E, . )~0.1uyR,
Ana monoabix OCH : u R, ~10%8 cm? ct
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koadpbuumneHT andpdysnmn KJl gormkeH ObiTb CUNLHO
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YckopeHue Ha YB, pacnpocTpaHsaoLlencs B
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Fi1G. 3.—The large-scale features of the temperature and
density structure of an interstellar bubble for which L, =
1.27 x 10%%ergss™ %, s =1cm~2 and r= 10°yr. ISM
means ambient interstellar medium. For a typical O7 1 star,
the H 11 region would extend to ~3 R..

Weaver et al. 1977 OKOJr1o NoNOBUHbI CBEPXHOBBIX
B3pbIBalOTCA B Takyto cpeay lIP,Ib/c



2D MHD modeling
of WR bubble
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Figure 1: Gas pressure P, (left panel) and magnetic ter 1 " 5 . '.‘l—
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Young SNRs in low density medium — in bubbles
produced by stellar winds of SN progenitors
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Probably the leptonic origin of gamma emission, however hadronic
gamma rays from strongly modified shock are not excluded. In both cases
protons are accelerated up to energies 2100 TeV.
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YnucneHHas mogernb HENMMUHENHOIO YCKOPEHUNA Ha

yaapHbix BonHax B OCH (zirakashvili & Ptuskin 2012)

(ecTecTBEHHOE pa3BuUTHE cyLLecTBYyoWmMX Modenen Berezhko et al.
(1994-2006), Kang & Jones 2006)
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Time (Q5')

AnbBEHOBCKUN apend 3a PPOHTOM yaapHOU BOJIHbI B
rmbpngHom moaenupoBanun (Haggerty & Caprioli 2020)
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MarHuTHble CTPYKTYPbl U QHEPTUYHbIE YaCcTUL bl
NepeHOCATCA C anbdBEHOBCKOW CKOPOCTLIO 32 OPOHTOM.
bornee MsarkmMe cnekTpbl YCKOPEHHbIX YacTul,.

Zirakashvili & Ptuskin 2008, Ptuskin et al. 2010, 2013



Isontouma octatka CH tuna Ibc
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CneKkTpbl NPOTOHOB U 3NEKTPOHOB,
npoun3BeaeHHbIX B octaTtke CH tuna Ib/c
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30 % aHeprun B3pbIBa NepeLuio B NPOTOHLI HA BHELLHEW
yaapHown BonHe, 20 % B sapa Ha obpaTHOM yaapHOW BOSHE

!

!

f

J
.
% I'I
w il
1
)
)
i




BbiBOObI

1)KaBepHbl, Npon3BeaeHHbIE NPEACBEPXHOBLIMM Kracca
O (lIP) unn Bonbdra Paue (Ib/c), cooepxaTt ycuneHHoe
TYpOyreHTHOEe MarHMTHOeE rnorne u, cnegoBaTenbHo,
noAroToBrieHbl AN 9PEKTUBHOIO YCKOPEHUA YacTuu
Ha ygapHou BonHe cBepxHoBou A0 [1aB-HbIX aHeprun.

2) 3Ha4YnMTENBHAA O0Ns 9HEPrMK B3pbiBa NepeaaeTcs
obpaTHOW yaapHOU BOJSTHE N B YCKOPEHHbLIE Ha HEW
YyacTuupbl.

3) boree XecTkne crnekTpbl YacTuL, YCKOPEHHbIX HA
obpaTHOW yaapHOU BOJIHE.



