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:gghlZpby
Bkke_^h\Zgby ijhp_kkZ i_j_kh_^bg_gby fZ]gblguo

kbeh\uo ebgbc \ \ukhdhl_fi_jZlmjghc eZ[hjZlhjghc b
dhkfbq_kdhc ieZaf_ ij_^klZ\ey_l [hevrhc bgl_j_k/
dZd ^ey l_hjbb/ lZd b ^ey ijbeh`_gbc1 >ey [he__
ihegh]h ihgbfZgby wlh]h keh`gh]h nbabq_kdh]h
ijhp_kkZ g_h[oh^bfZ _]h wnn_dlb\gZy \bamZebaZpby1
>ey kha^Zgby lZdhc ZgbfZpbb \ ik_\^h ^\mf_jghf
kemqZ_ [ue ijbf_g_g f_lh^ ehdZevgh]h bgl_]jZevgh]h
k]eZ`b\Zgby +OLQH LQWHJUDO FRQYROXWLRQ,1

Dexq_\u_ keh\Z= :gbfZpby/ i_j_aZfudZgb_/ kha^Zgb_
l_dklmj/ lhiheh]by/ \bamZebaZpby ihlhdh\1

1. <<?>?GB?
Fgh]hqbke_ggu_ gZ[ex^_gby k\b^_l_evkl\mxl h

lhf/ qlh fZ]gblgu_ ihey y\eyxlky h^ghc ba hkgh\guo
ijbqbg Zdlb\guo y\e_gbc gZ Khegp_ b \ dhkfhk_1 <h
\k_o wlbo y\e_gbyo eb[h g_ihkj_^kl\_ggh gZ[ex^Z_lky/
eb[h ij_^iheZ]Z_lky [ukljZy ^bkkbiZpby fZ]gblghc
wg_j]bb \ \ukhdhijh\h^ys_c ieZaf_/ dhlhjmx h[uqgh
k\yau\Zxl k baf_g_gbyfb kljmdlmju fZ]gblgh]h ihey 0
fZ]gblguf i_j_kh_^bg_gb_f [6].
Bkke_^m_fuc ijhp_kk hibku\Z_lky \ jZfdZo

g_ebg_cghc fgh]hf_jghc fZ]gblh]b^jh^bgZfbq_kdhc
kbkl_fu1 Ihkdhevdm bkihevah\Zgb_ ZgZeblbq_kdbo
f_lh^h\ ^ey j_r_gby wlhc kbkl_fu aZljm^g_gh/ lh
ijZdlbq_kdb _^bgkl\_gguf ijb_fe_fuf kihkh[hf
bkke_^h\Zgby ijhp_kkZ kZfhkh]eZkh\Zgghc w\hexpbb
fZ]gblgh]h ihey b ieZafu y\ey_lky qbke_ggh_
fh^_ebjh\Zgb_1 Ij_^klZ\e_gb_ j_amevlZlh\ lZdh]h
\uqbkebl_evgh]h wdki_jbf_glZ y\ey_lky
kZfhklhyl_evghc \Z`ghc ijh[e_fhc1 =jZnbq_kdh_
ij_^klZ\e_gb_ y\ey_lky gZb[he__ ij_^ihqlbl_evguf1
>ZggZy jZ[hlZ ihk\ys_gZ baeh`_gbx kihkh[Z
ihemq_gby ZgbfZpbb ijhp_kkZ i_j_aZfudZgby k
ihfhsvx f_lh^Z ehdZevgh0bgl_]jZevgh]h
k]eZ`b\Zgby1
Hkh[_gghklvx ijh\_^_ggh]h qbke_ggh]h

fh^_ebjh\Zgby [ueZ hjb_glZpby gZ ihemq_gb_
dZq_kl\_gguo j_amevlZlh\1 < k\yab k wlbf/ [hevrhc
bgl_j_k ij_^klZ\eyeh gZ[ex^_gb_ ih\_^_gby
lhiheh]bb fZ]gblgh]h ihey b ihey kdhjhkl_c1

2. BAH;J:@?GB? ><MF?JGUO
IHE?C K IHFHSVX EHD:EVGH0
BGL?=J:EVGH=H K=E:@B<:GBY1
Ih^jh[gh_ baeh`_gb_ f_lh^Z ehdZevgh0

bgl_]jZevgh]h k]eZ`b\Zgby fh`gh gZclb/ gZijbf_j/ \
[2-4]. G_h[oh^bfh k^_eZlv ke_^mxsb_ aZf_qZgby=

1. GZa\Zgb_ ©OLQH LQWHJUDO FRQYROXWLRQª ^hkeh\gh
i_j_\h^blky dZd ©k\_jldZ \^hev bgl_]jZevguo ebgbcª1
Wlhl l_jfbg \ lhqghklb hibku\Z_l f_lh^/ h^gZdh/
^h\hevgh g_m^h[_g \ bkihevah\Zgbb/ ihwlhfm \ ^Zgghc
jZ[hl_ bkihevam_lky gZa\Zgb_ ©ehdZevgh0bgl_]jZevgh_
k]eZ`b\Zgb_ª1

2.  IhemqZxs__ky k ihfhsvx wlh]h f_lh^Z
bah[jZ`_gb_ ihey ohjhrh i_j_^Z_l _]h lhiheh]bx1 <
lh `_ \j_fy/ bgnhjfZpby h gZijZ\e_gbb b \_ebqbg_
\_dlhjh\ gbdZd g_ hlh[jZ`Z_lky1 >ey mkljZg_gby wlh]h
g_^hklZldZ fh`gh bkihevah\Zlv ZgbfZpbx \
kh\hdmighklb k nbevljZfb/ kha^Zxsbfb
i_jbh^bq_kdh_ ^\b`_gb_1

2.1 Nbevlju/ kha^Zxsb_
i_jbh^bq_kdh_ ^\b`_gb_1
:e]hjblf ehdZevgh0bgl_]jZevgh]h k]eZ`b\Zgby

ohjhrh hlh[jZ`Z_l gZijZ\e_gb_ \_dlhjh\ ihey k
lhqghklvx ^h π 1 H^gZdh/ k ihfhsvx ^h\hevgh
ijhklh]h ijb_fZ/ fh`gh ihemqZlv ihke_^h\Zl_evghklv
bah[jZ`_gbc/ iha\heyxsbo mq_klv lhqgh_
gZijZ\e_gb_ \_dlhjZ1 >ey wlh]h g_h[oh^bfh
ki_pbZevguf h[jZahf ih^h[jZlv \_kh\mx nmgdpbx 0
nbevlj/ aZ\bkysbc hl iZjZf_ljZ 0 nZau1 <
hjb]bgZevghc jZ[hl_ >5@ \ dZq_kl\_ lZdh]h nbevljZ
ij_^eZ]Z_lky bkihevah\Zlv nmgdpbx ke_^mxs_]h \b^Z=
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>ey lZdhc nmgdpbb fh`gh \ y\ghf \b^_ ihkqblZlv
bgl_]jZe1
JZkkqblZ_f Q l_dklmj ^ey g_kdhevdbo agZq_gbc nZau

β = ⋅i s
N / ]^_ V 0 i_jbh^ nbevljZ 1 0 qbkeh dZ^jh\

ZgbfZpbb1 Fu ihemqZ_f gZ[hj bah[jZ`_gbc/ dhlhju_/
aZl_f/ ijb ^hklZlhqgh [ukljhc kf_g_ dZ^jh\/ kha^Z^ml
\i_qZle_gb_ ^\b`_gby1
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K ihfhsvx ^\b`_gby fh`gh kha^Z\Zlv jZaebqgu_
wnn_dlu1 < qZklghklb/ _]h fh`gh bkihevah\Zlv ^ey
bah[jZ`_gby \_ebqbgu \_dlhjZ1 >ey wlh]h g_h[oh^bfh
\uihegblv ke_^mxsb_ rZ]b +>6@,=

1. KgZqZeZ/ g_h[oh^bfh jZkkqblZlv 1 l_dklmj/
baf_gyy nZam Θ i ih nhjfme_=

 Θ i i s N= ⋅ / / ]^_
 V 0 i_jbh^ nbevljZ/
 1 0 qbkeh dZ^jh\ ZgbfZpbb1 Q_f [hevr_ \_ebqbgZ

1/ l_f dZq_kl\_gg__ ihemqZ_fZy ZgbfZpby1
2. H[hagZqbf ( )T i p, 0 bgl_gkb\ghklv ibdk_ey p \

i 0hf bah[jZ`_gbb1 >ey dZ`^hc yq_cdb k_ldb
jZkkqblZ_f ke_^mxsmx \_ebqbgm ( )q p :
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 HgZ oZjZdl_jbam_l hlghkbl_evgmx \_ebqbgm
\_dlhjZ kdhjhklb1

3. GZdhg_p/ \uqbkebf bgl_gkb\ghklv I j p( , )
ibdk_ey p \ j 0hf/ fh^bnbpbjh\Zgghf/ bah[jZ`_gbb
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IhemqZ_fZy k ihfhsvx \ur_hibkZggh]h f_lh^Z
ZgbfZpby h[eZ^Z_l k\hckl\hf ehdZevgh ©mkdhjylvkyª \
khhl\_lkl\bb k \_ebqbghc \_dlhjgh]h ihey1

3. HKH;?GGHKLB :GBF:PBB
IHEY/ A:<BKYS?=H HL <J?F?GB

Ijhkl_crbf kihkh[hf mq_klv aZ\bkbfhklv
bah[jZ`Z_fh]h ihey hl \j_f_gb y\ey_lky kha^Zgb_
ihke_^h\Zl_evghklb klZlbq_kdbo bah[jZ`_gbc/ hl\_qZxsbo
nbdkbjh\Zgguf fhf_glZf \j_f_gb/ Z aZl_f \hkijhba\_klb
ihemq_ggu_ dZjlbgdb ^ey ZgbfZpbb baf_g_gby ihey/ h^gZdh
©kde_cdZª dmkdh\ ZgbfZpbb/ khhl\_lkl\mxsbo jZaguf
fhf_glZf \j_f_gb/ \uau\Z_l wnn_dl ©^jh`Zgbyª
bah[jZ`_gby1

>ey mkljZg_gby wlh]h wnn_dlZ/ \ ^Zgghc jZ[hl_ ijb
\uqbke_gbb k\_jldb [ueh ij_^eh`_gh bkihevah\Zlv
g_kdhevdh \j_f_gguo keh_\ bkoh^gh]h ihey1 +Bah[jZ`Z_fh_
\_dlhjgh_ ihe_ aZ^Zgh gZ ijyfhm]hevghc k_ld_ ijb
nbdkbjh\Zgguo fhf_glZo \j_f_gb/ gZau\Z_fuo \j_f_ggufb
kehyfb1, >ey wlh]h/ bgl_]jZevgZy ebgby/ \^hev dhlhjhc
ijhba\h^blky k\_jldZ/ \uqbkey_lky iml_f j_r_gby aZ^Zqb
Dhrb/ \ dhlhjhc ihe_ aZ\bkbl hl iZjZf_ljZ bgl_]jbjh\Zgby/
b]jZxs_]h jhev «\j_f_gb».

Bkihevah\Zgb_ ^hihegbl_evgh]h lhgbjh\Zgby ihemq_fhc
l_dklmju p\_lhf ihdZaZeh ohjhrb_ j_amevlZlu1 < qZklghklb/
^ey i_j_^Zqb \_ebqbgu ihey bkihevah\Zehkv lhgbjh\Zgb_
p\_lhf/ aZ\bkysbf hl fh^mey \_dlhjZ \ ^Zgghc lhqd_1

>ey i_j_^Zqb gZijZ\e_gby b \_ebqbgu \_dlhjh\ ihey
bkihevah\Zeky f_lh^ ©jZkijhkljZg_gby djZkdb»,
aZdexqZxsbcky \ ke_^mxs_f=

• kha^Z_lky ^hihegbl_evguc fZkkb\/ jZaf_jghklv
dhlhjh]h kh\iZ^Z_l k jZaf_jghklvx l_dklmju1 We_f_glZfb
wlh]h fZkkb\Z y\eyxlky RGB khklZ\eyxsb_ p\_lZ1
G_dhlhju_ we_f_glu wlh]h fZkkb\Z/ dhlhjuf khhl\_lkl\mxl
bgl_j_kmxsb_ lhqdb \_dlhjgh]h ihey/ bgbpbZebabjmxlky
agZq_gbyfb RGB dhfihg_gl/ hlebqgufb hl gmey1

• ih f_j_ \uqbke_gby ihke_^mxsbo dZ^jh\ ZgbfZpbb/
wlhl fZkkb\ aZihegy_lky p\_lZfb/ dhlhju_ i_j_ghkylky \^hev
iheh`bl_evgh]h gZijZ\e_gby ljZkk1 Ba bkoh^guo lhq_d
«djZkdZ» ihkl_i_ggh \ufu\Z_lky1 P\_lZ lhq_d
^hihegbl_evgh]h fZkkb\Z mqblu\Zxlky ijb \uqbke_gbb
k\_jldb \ keZ]Z_fuo/ khhl\_lkl\mxsbo ©h[jZlghfmª
gZijZ\e_gbx bgl_]jZevghc ebgbb1
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Animation of magnetic reconnection in two-
dimensional configurations.

Abstract  A study of magnetic reconnection in high-
temperature plasma has an important theoretical and practical
application. For a qualitative understanding of this complicated
physical process an effective visualization is required. To create
an animation of this process in two-dimensional case the line
integral convolution method was used.
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