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:gghlZpby
 >Zgguc ^hdeZ^ ihk\ys_g \bamZebaZpbb 5D b 3D

ihe_c f_lh^hf ih\_joghklguo qZklbp, dhlhjuc iha\hey_l
ij_^klZ\blv dZd kljmdlmjm, lZd b gZijZ\e_gb_ b
bgl_gkb\ghklv ihey. HibkZgb_ f_lh^Z \dexqZ_l \ k_[y
fh^_ev aZdjZrb\Zgby qZklbp b bo hlh[jZ`_gb_ gZ wdjZg1
Ij_^klZ\e_gZ ijh]jZffZ, dhlhjZy ijb ihfhsb wlh]h f_lh^Z
ijhba\h^bl \bamZebaZpbx 3D b 5D \_dlhjguo ihe_c.
Dexq_\u_ keh\Z: ih\_joghklgZy qZklbpZ/ kbeh\Zy ebgby,
ih\_joghklv lhdZ.

1. <<?>?GB?
 I_j_kh_^bg_gb_ +i_j_aZfudZgb_, kbeh\uo ebgbc

fZ]gblgh]h ihey b]jZ_l \Z`gmx jhev \ dhkfbq_kdhc b
eZ[hjZlhjghc ieZaf_1 Baf_g_gb_ lhiheh]bb
fZ]gblgh]h ihey/ dhlhjuf khijh\h`^Z_lky fZ]gblgh_
i_j_aZfudZgb_ ij_^iheZ]Z_l bkihevah\Zgb_ ^ey _]h
hibkZgby 2D b 3D fh^_e_c1 >ey nbabq_kdbo
ijhp_kkh\ i_j_kh_^bg_gby ijbf_gyxlky f_lh^u
qbke_ggh]h fh^_ebjh\Zgby/ ]jZnbq_kdh_
ij_^klZ\e_gb_ j_amevlZlh\ dhlhjuo iha\hey_l ihgylv
hkh[_gghklb ^bgZfbdb ih\_^_gby ieZafu1

 >ey \bamZebaZpbb 3D \_dlhjguo ihe_c/ k ihfhsvx
dhlhjuo hibku\Zxlky fZ]gblgu_ ihey/ jZajZ[hlZgh
fgh]h f_lh^h\1

 Ijhkl_crbf ih^oh^hf y\ey_lky bah[jZ`_gb_ ihey
ijb ihfhsb klj_ehd/ dZ`^Zy ba dhlhjuo ihdZau\Z_l
gZijZ\e_gb_ b bgl_gkb\ghklv ihey \ lhqdZo 3D
rZ[ehgZ1 H^gZdh ijh_dpbb klj_ehd gZ ^\mf_jguc
wdjZg fh]ml ijb\_klb d g_ijZ\bevghc bgl_jij_lZpbb
ihemq_gguo j_amevlZlh\/ ihwlhfm qZs_ \_dlhjgu_
ihey ij_^klZ\eyxlky k ihfhsvx kbeh\uo ebgbc/
dhlhju_ iha\heyxl emqr_ ihgylv kljmdlmjm ihey1

 JZkkfhljbf ihe_
 { }Y+ / / , + / / ,/ + / / ,/ + / / ,[ \ ] Y [ \ ] Y [ \ ] Y [ \ ][ \ ]=  (1.1)/

lh]^Z mjZ\g_gb_ _]h kbeh\uo ebgbc fh`_l [ulv
aZibkZgh \ \b^_ ke_^mxs_c kbkl_fu H>M
+h[udgh\_gguo ^bnn_j_gpbZevguo mjZ\g_gbc,=

    
dzdydx

zyx vvv
== (1.2)

 Ohly kbeh\u_ ebgbb ij_^hklZ\eyxl fhsguc
bgkljmf_gl ^ey bkke_^h\Zgby 2D ihe_c/ hgb g_ hq_gv
ohjhrh ih^oh^yl ^ey \bamZebaZpbb 3D ^Zgguo/
ihwlhfm \ hkgh\ghf ijbf_gyxlky ^ey ihkljh_gby
ih\_joghkl_c/ e_gl b ljm[hd lhdZ/ qlh gZjy^m kh
klZg^Zjlgufb f_lh^Zfb aZdjZrb\Zgby ih\_joghkl_c

 fh`_l h[_ki_qblv \hafh`ghklv ij_^klZ\e_gby \k_c
lhiheh]bb \_dlhjgh]h ihey1

 H^gbf ba kihkh[h\ bah[jZ`_gby kbeh\uo ebgbc
y\ey_lky f_lh^ ih\_joghklguo qZklbp (surface
particles) [2], [3]. Ihe_ ijb lZdhf ih^oh^_
bah[jZ`Z_lky dZd fgh`_kl\h qZklbp; bo jZaf_s_gb_f
\^hev kbeh\uo ebgbc b ihdZahf dZd g_dhlhjuo
]_hf_ljbq_kdbo ijbfblb\h\ fh`_l [ulv ihemq_gh
ij_^klZ\e_gb_ h ih\_^_gbb ^Zggh]h ihey1 Ijb wlhf
h[jZamxsb_ky ih\_joghklb g_ \uqbkeyxlky ijyfh/ Z
\hagbdZxl ba dhee_dlb\gh]h ih\_^_gby fgh]bo
qZklbp1 < gZklhys__ \j_fy ba\_klgh g_kdhevdh
fh^bnbdZpbc wlh]h f_lh^Z/ h^bg ba kZfuo
dZq_kl\_gguo b ^_lZevguo [ue ij_^eh`_g <Zg
<b^`bdhf +9an Wijk) [3] \ gZqZe_ <30o ]h^h\.

2. HIBK:GB? F?LH>:
IH<?JOGHKLUO Q:KLBP1

 Ih\_joghklgZy qZklbpZ bf__l hq_gv fZe_gvdbc
jZaf_j/ ihwlhfm nhjfZ lZdhc qZklbpu g_\Z`gZ/ b hgZ
fh`_l jZkkfZljb\Zlvky ijhklh dZd lhqdZ k ghjfZevx
+ghjfZev d g_c fh`_l [ulv \uqbke_gZ dZd kmffZ
ghjfZe_c d lj_m]hevgbdZf, h[jZah\Zgguf wlhc lhqdhc
b __ [eb`Zcrbfb khk_^yfb,1 >ey \uqbke_gby
bgl_gkb\ghklb I ih\_joghklb lZdhc qZklbpu
bkihevam_lky klZg^ZjlgZy fh^_ev hk\_s_gghklb/
mqblu\ZxsZy bgl_gkb\ghklv jZkk_yggh]h b
^bnnmagh]h hljZ`_gby  [3].

 Ihke_ \uqbke_gby hk\_s_gghklb qZklbpZ
ijh_dlbjm_lky gZ wdjZg1 ?_ Zljb[mlu -  wlh
bgl_gkb\ghklv I, ihabpby gZ wdjZg_ F  /> @F F[ \ b

ijh_dlbjm_fuc gZ wdjZg \_dlhj Y-  >Y /Y @- -
[ \ .

Ijhklh_ ijbk\Zb\Zgb_ ibdk_em \uqbke_gghc
bgl_gkb\ghklb I g_ ^Z_l m^h\e_l\hjbl_evgh]h
j_amevlZlZ/ lZd dZd ihjh`^Z_l \hagbdgh\_gb_ lZd
gZau\Z_fuo aliasing ^_n_dlh\1 Ijb_fe_fuf
j_r_gb_f y\ey_lky jZkij_^_e_gb_ ihemq_gghc
bgl_gkb\ghklb ih g_dhlhjhc iehsZ^b wdjZgZ/ qlh
^Z_l wnn_dl jZafu\Zgby1 >ey ihemq_gby wlh]h
wnn_dlZ ohjhrbf \u[hjhf y\ey_lky ]Zmkkh\kdh_
ghjfZevgh_ jZkij_^_e_gb_1

 >ey hibkZgby wlh]h ijhp_kkZ ihgZ^h[blky gh\Zy
kbkl_fZ dhhj^bgZl k gZqZehf \ c b _^bgbqgufb
\_dlhjZfb p b q/ ]^_ \_dlhj p bf__l gZijZ\e_gb_ Y- / Z q 0
i_ji_g^bdmeyj_g d g_fm1 I_j_oh^ hl klZjhc kbkl_fu +x, y)
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dhhj^bgZl d gh\hc +ξ,,η, hkms_kl\ey_lky ke_^mxsbf
h[jZahf=
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 >ey jZkij_^_e_gby bgl_gkb\ghklb bkihevam_lky
^\mf_jgh_ ghjfZevgh_ jZkij_^_e_gb_=

 
I [ \ , U

Z Z Z Z Z

U

V W V V W

+ / , / /

_ _/ /

2

-

= = +

= + =

5
5 5 5 5 5

πσ σ
ξ η

σ σ
ξ η

ξ ξ

H

]^_ bY
       (2.1)

 hij_^_eyxl ijhkljZgkl\_ggmx b \j_f_ggmx rbjbgm
jZafu\Zgby1

 Iehlghklv ghjfZevgh]h jZkij_^_e_gby I [ \+ / ,
^he`gZ [ulv hp_g_gZ ^ey dZ`^h]h ibdk_eZ1 H[eZklvx
hij_^_e_gby wlhc nmgdpbb y\ey_lky ijyfhm]hevgbd
Π = ×; < / ]^_ ; [ [ < \ \= => / @ / > / @P LQ PD[ P LQ PD[ ,

 [ F N S T[ [ [P D[ + _ _ _ _ ,= + +σ σξ η
; hklZevgu_ fZdkbfZev0

gu_ b fbgbfZevgu_ agZq_gby \uqbkeyxlky
ZgZeh]bqgh1AZl_f ihemq_gguc ijyfhm]hevgbd Π
hlk_dZ_lky ih ]jZgbpZf \u\h^bfh]h hdgZ gZ wdjZg_/ b f(x, y)
hp_gb\Z_lky ^ey \k_o ibdk_eh\ mk_q_ggh]h ijyfhm]hevgbdZ1

3. IJBF?G?GB? F?LH>:
IH<?JOGHKLGUO Q:KLBP1
< gZklhys_f jZa^_e_ jZkkfhlj_gu h[sb_

oZjZdl_jbklbdb iZd_lZ ijh]jZff/ dhlhjuc ih Ze]hjblfm/
hibkZgghfm \ imgdl_ 5/ ijhba\h^bl \bamZebaZpbx
g_dhlhjuo lbih\ lj_of_jguo \_dlhjguo ihe_c1 Hibr_f
djZldh __ kljmdlmjm1 <_dlhjgh_ ihe_ fh`_l [ulv aZ^Zgh
eb[h \ \b^_ nhjfmeu +1.1)/ eb[h dZ`^Zy ba _]h dhfihg_gl
aZ^Z_lky \ maeZo lj_of_jghc k_ldb b ojZgblky \ nZce_ +^ey
wdhghfbb f_klZ gZ `_kldhf ^bkd_ bkihevamxlky [bgZjgu_
nZceu,1 < wlhf kemqZ_ dZ`^Zy ba dhfihg_gl ljbebg_cgh
bgl_jihebjm_lky \gmljb we_f_glZjghc yq_cdb +\ dm[bd_ 0 \
ijhkl_cr_f kemqZ_,1 ;m^_f ij_^klZ\eylv kljmdlmjm ihey \
\b^_ kbeh\uo ebgbc/ hij_^_ey_fuo kbkl_fhc (1.2): WlZ
kbkl_fZ j_rZ_lky qbke_ggh/ ijbq_f f_lh^ bgl_]jbjh\Zgby
\u[bjZ_lky \ aZ\bkbfhklb hl lj_[m_fhc lhqghklb1 Imklv

iiix z ,y , 0 j_r_gb_ kbkl_fu gZ rZ]_ i/ lh]^Z

oZjZdl_jbklbdZfb i0c lhqdb y\eyxlky __  iheh`_gb_ \
ijhkljZgkl\_ { iiix z ,y , } b \_dlhj } , ,{ ziyixi vvv ; khihklZ\bf

_c g_dhlhjmx ih\_joghklgmx qZklbpm1 >ey gZqZeZ kq_lZ
g_h[oh^bfh agZgb_ gZqZevguo agZq_gbc }z ,y ,{ 000x 1 Wlb

agZq_gby/ lZd `_ dZd \_ebqbgZ rZ]Z bgl_]jbjh\Zgby h/
aZ^Zxlky \ \b^_ ijhba\hevguo nmgdpbc hl j/ ]^_ j 0 ghf_j
khhl\_lkl\mxs_c kbeh\hc ebgbb> bo dhebq_kl\h K b qbkeh
lhq_d k_ldb N +hgh fh`_l [ulv k\hbf ^ey dZ`^hc kbeh\hc
ebgbb, y\eyxlky \oh^gufb iZjZf_ljZfb ijh]jZffu1
Ijb hlh[jZ`_gbb lhqdb gZ wdjZg [m^_f bkihevah\Zlv

p_gljZevgh_ +i_jki_dlb\gh_, ijh_dlbjh\Zgb_/ Z aZl_f
khihklZ\bf dZ`^hfm ibdk_em wdjZgZ bgl_gkb\ghklv +lhg,
kh]eZkgh Ze]hjblfm \uqbke_gby bgl_gkb\ghklb f(x, y) (2.1)
ih\_joghklghc qZklbpu1

GZ jbkmgdZo 4 b 5 ij_^klZ\e_gu ijbf_ju  \_dlhjguo
ihe_c/ ihemq_gguo k ihfhsvx ^Zggh]h f_lh^Z.
Jbk1 1.  v={1, cos x, 0}

Jbk1 2.  v={1,x,-y}

Annotation

This paper presents visualization 2D and 3D vector fields
with the method of the surface particles. This metod describes a
shading model of the particle and its projecting to the screen.
We demonstrate a programme, that visualizes 3D vector fields
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