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JZkkfhlj_gZ ]jmiiZ fgh]hqZklbqguo

ZgbfZpbhgguo f_lh^h\ b ij_^eh`_g _^bguc ih^oh^ d
bo hibkZgbx1 Ijb\h^blky hibkZgb_ kbkl_fu
\bamZevgh]h ZgZebaZ/ jZajZ[hlZgghc gZ [Za_ wlh]h
ih^oh^Z1

Dexq_\u_ keh\Z= ZgbfZpby/ fgh]hqZklbqgu_ f_lh^u/
\bamZevguc ZgZeba1

1. <<?>?GB?
Kj_^b f_lh^h\ \bamZebaZpbb \_dlhjguo ihe_c

fh`gh \u^_eblv ]jmiim lZd gZau\Z_fuo
fgh]hqZklbqguo ZgbfZpbhgguo f_lh^h\ >4@ ± >6@ +\
^Zevg_cr_f ± FQ: f_lh^u,1 Bo ]_hf_ljbq_kdbf
ij_^klZ\e_gb_f y\ey_lky ^\b`_gb_ fgh`_kl\Z
fZjd_jh\ \ h[t_dlghf ijhkljZgkl\_1 F_lh^u wlhc
]jmiiu gZoh^yl ijbf_g_gb_ ijb ZgZeba_ j_r_gbc
aZ^Zq ba jZaguo jZa^_eh\ gZmdb1 < ^Zgghc jZ[hl_ hgb
jZkkfZljb\Zxlky ijbf_gbl_evgh d l_q_gbx `b^dhklb1
Ijb \k_f \g_rg_f fgh]hh[jZabb/ ij_^eh`_ggu_

jZagufb Z\lhjZfb f_lh^u bf_xl [hevr_ h[sbo q_jl/
q_f jZaebqbc1 GZklhysZy jZ[hlZ gZijZ\e_gZ gZ
\uy\e_gb_ h[sbo q_jl ij_^eh`_gguo jZg__ f_lh^h\
+i15, b klZ\bl p_evx jZajZ[hldm _^bgh]h ih^oh^Z d
jZkkfhlj_gbx b j_ZebaZpbb FQ: f_lh^h\
\bamZebaZpbb \_dlhjgh]h ihey1 Baeh`_ggu_ \ klZlv_
b^_b \hiehs_gu \ ih^kbkl_f_ \bamZevgh]h ZgZebaZ
kbkl_fu FlowVision +i17,1

2. H;SBC IH>OH> D J:KKFHLJ?GBX
FQ: F?LH>H<
JZkkfhljbf jZkq_lgmx h[eZklv

]b^jh^bgZfbq_kdh]h l_q_gby/ ij_^klZ\eyxsmx kh[hc
ijhba\hevgmx ]_hf_ljbq_kdmx nb]mjm/ \hh[s_ ]h\hjy/
g_h^ghk\yagmx1 AZ^Z^bf ih g_dhlhjhfm ijZ\bem
dhg_qgh_ fgh`_kl\h lhq_d \gmljb wlhc h[eZklb b
ihklZ\bf \ khhl\_lkl\b_ dZ`^hc lhqd_ fZjd_j1 ;m^_f
gZau\Zlv wlb lhqdb lhqdZfb jh`^_gby fZjd_jh\1
Imklv \ jZkq_lghc h[eZklb gZoh^blky N lhq_d
jh`^_gby fZjd_jh\1 <u[_j_f n ba gbo/ dhlhju_ gZqgml
^\b`_gb_ \ gZqZevguc fhf_gl \j_f_gb1 GZah\_f

fgh`_kl\h wlbo fZjd_jh\ fgh`_kl\hf ³jh`^_gguo´
fZjd_jh\/ Z hklZevgu_ N-n – fgh`_kl\hf
³g_jh`^_gguo´ fZjd_jh\1 ;m^_f oZjZdl_jbah\Zlv
dZ`^uc fZjd_j _s_ ^\mfy hij_^_eyxsbfb
iZjZf_ljZfb= \j_f_g_f `bagb b `bag_gguf h[t_fhf.
Ih^ `bag_gguf h[t_fhf [m^_f ihgbfZlv g_dhlhjmx
+\ h[s_f kemqZ_/ ijhba\hevgmx, ]_hf_ljbq_kdmx
nb]mjm/ y\eyxsmxky ih^fgh`_kl\hf jZkq_lghc
h[eZklb b kh^_j`Zsmx lhqdm jh`^_gby fZjd_jZ1
Hljbkh\dZ fZjd_jZ gZ wdjZg_ ijhbkoh^bl ijb
\uiheg_gbb ^\mo mkeh\bc=

♦ <j_fy/ ijhr_^r__ k gZqZeZ ^\b`_gby fZjd_jZ
g_ ij_\ukbeh _]h \j_fy `bagb

♦ FZjd_j gZoh^blky \gmljb k\h_]h `bag_ggh]h
h[t_fZ

?keb fZjd_j ba fgh`_kl\Z ³jh`^_gguo´ +³jh`^_gguc´
fZjd_j, i_j_klZ_l m^h\e_l\hjylv h^ghfm ba wlbo
mkeh\bc/ lh hg i_j_ghkblky \ fgh`_kl\h
³g_jh`^_gguo´1 <aZf_g g_]h dZdhc0gb[m^v
³g_jh`^_gguc´ fZjd_j klZgh\blky ³jh`^_gguf´/ lh
_klv gZqbgZ_l ^\b`_gb_ ba k\h_c lhqdb jh`^_gby1
Ihkj_^kl\hf ^\mo wlbo fgh`_kl\ fh^_ebjm_lky
kemqZcgh_ jh`^_gb_ fZjd_jh\ \ h[eZklb1
LZdbf h[jZahf/ kha^Zg ih^oh^ d jZkkfhlj_gbx

FQ: f_lh^h\ / \ dhlhjhf fZjd_ju aZ^Zxlky k\h_c
lhqdhc jh`^_gby/ \j_f_g_f `bagb b `bag_gguf
h[t_fhf1 ;hevrbgkl\h hibkZgguo \ ebl_jZlmj_ FQ:
f_lh^h\ fh`gh ljZdlh\Zlv dZd qZklgu_ kemqZb
kha^Zggh]h ih^oh^Z1 >ey wlh]h ^hklZlhqgh
dhgdj_lbabjh\Zlv ijZ\beZ aZ^Zgby iZjZf_ljh\
fZjd_jZ1 < i16 ^Zgu oZjZdl_jgu_ ijbf_ju FQ:
f_lh^h\ b ^ey dZ`^h]h ba gbo mdZaZgu ijZ\beZ aZ^Zgby
iZjZf_ljh\1

3. G?DHLHJU? F?LH>U
FGH=HQ:KLBQGHC :GBF:PBB
Ijb\_^_f g_kdhevdh f_lh^h\ fgh]hqZklbqghc

ZgbfZpbb1 GZa\Zgby \k_o hibkZgguo \ wlhf imgdl_
f_lh^h\ \\_^_gu ^ey h[e_]q_gby kkuedb gZ gbo1

♦ ijbf_j ³>h`^v´: JZkq_lgZy h[eZklv jZkk_q_gZ
gZ[hjhf iZjZee_evguo wd\b^bklZglguo
iehkdhkl_c/ gZ dZ`^hc ba dhlhjuo \ maeZo
ijyfhm]hevghc k_ldb \u[jZgu lhqdb jh`^_gby
fZjd_jh\1 @bag_gguc h[t_f fZjd_jZ h]jZgbq_g
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^\mfy khk_^gbfb iehkdhklyfb b jZkq_lghc
h[eZklvx1 <j_fy `bagb fZjd_jZ g_ h]jZgbq_gh1
F_lh^ m^h[_g ^ey gZ[ex^_gby \ha\jZlguo b
aZklhcguo ahg \ jZkq_lghc h[eZklb1

♦ ijbf_j ³DZiey´= < jZkq_lghc h[eZklb
\u[bjZ_lky lhqdZ b \[ebab g__ kh kn_jbq_kdb0
kbff_ljbqghc nmgdpb_c jZkij_^_e_gby
jZaf_sZxlky lhqdb jh`^_gby fZjd_jh\1
@bag_gguc h[t_f dZ`^h]h fZjd_jZ ± \ky
jZkq_lgZy h[eZklv/ \j_fy `bagb g_ h]jZgbq_gh1
F_lh^ ^Z_l \hafh`ghklv gZ[ex^Zlv ebgbb lhdZ/
\uoh^ysb_ ba g_dhlhjh]h h[t_fZ `b^dhklb1

♦ ijbf_j ³<kiurdb´= <gmljb \k_c jZkq_lghc
h[eZklb ]_g_jbjmxlky lhqdb jh`^_gby fZjd_jh\1
Ijbgpbiu ]_g_jZpbb fh]ml [ulv jZaebqgufb1 <
kms_kl\mxs_c j_ZebaZpbb/ wlh ± maeu
ijyfhm]hevghc k_ldb/ ke_]dZ kf_s_ggu_
kemqZcguf h[jZahf1 DZd b \ ij_^u^ms_f
ijbf_j_/ `bag_gguc h[t_f fZjd_jZ ± \ky
jZkq_lgZy h[eZklv> \j_fy `bagb h]jZgbq_gh
aZjZg__ aZ^Zgguf agZq_gb_f/ h[sbf ^ey \k_o
fZjd_jh\1 < gZqZevguc fhf_gl \j_f_gb
³jh`^Z_lky´ aZjZg__ aZ^Zgguc ijhp_gl fZjd_jh\/
hklZevgu_ hklZxlky ³g_jh`^_ggufb´1 <u[hj
³jh^b\rboky´ fZjd_jh\ ijhba\h^blky kemqZcguf

h[jZahf1 F_lh^ ^Z_l ij_^klZ\e_gb_ h ^\b`_gbb
`b^dhklb \ p_ehf b y\ey_lky ZgZeh]hf
wdki_jbf_glZevghc \bamZebaZpbb ^\b`_gby
ijhajZqghc `b^dhklb k hljZ`Zxsbfb k\_l
qZklbpZfb1
JZkkfhlj_ggu_ f_lh^u j_Zebah\Zgu \ ijh]jZffghf

dhfie_dk_ FlowVision \ jZfdZo h[s_]h ih^oh^Z d
]jmii_ FQ: f_lh^h\1 < ke_^mxs_f imgdl_ gZoh^blky
hibkZgb_ FlowVision b jZkkfZljb\Zxlky ^_eZeb
j_ZebaZpbb/ k\yaZggu_ k FQ: f_lh^Zfb1

4. <BAM:EBA:PBY
=B>JH>BG:FBQ?KDH=H L?Q?GBY K
IHFHSVX FQ: F?LH>H< <
KBKL?F? FLOWVISION
Ijh]jZffguc dhfie_dk FlowVision kha^Zg ^ey

j_r_gby aZ^Zq \uqbkebl_evghc ]b^jh^bgZfbdb +<=>,/
\hagbdZxsbo \ bg^mkljbZevguo ijbeh`_gbyo1 Ijb
j_r_gbb aZ^Zq bkihevam_lky ^_dZjlh\Zy jZkq_lgZy
k_ldZ k ehdZevguf baf_evq_gb_f1
Ih^kbkl_fZ \bamZevgh]h ZgZebaZ kbkl_fu

FlowVision +^Ze__ ± \bamZebaZlhj, bkihevam_l OpenGL
^ey hlh[jZ`_gby 6'0kp_g1   

CLayer

CStaticLayer1

CStaticLayer2

CStaticLayer3

CMovingLayer

CCometLayer

CMovingLayer1

CMovingLayer2

CFlashCometLayer

CDropCometLayer

CRainCometLayer

Jbkmghd 41 Hj]ZgbaZpby deZkkh\0keh_\

DZ`^hfm :LQGRZV0hdgm \bamZebaZlhj khihklZ\ey_l
h[t_dl deZkkZ CPainter, dhlhjuc jZ[hlZ_l k
dhgl_dklhf hdgZ b hkms_kl\ey_l \_kv \u\h^ \ g_]h1
DZ`^uc h[t_dl deZkkZ CPainter bf__l k\hc kibkhd
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keh_\ hlh[jZ`_gby1 Ihke_ mklZgh\db iZjZf_ljh\
kp_gu/ CPainter \uau\Z_l ihhq_j_^gh f_lh^u
hljbkh\db dZ`^h]h ba k\hbo keh_\1
+< ^Zgghf kemqZ_/ kehc ± kljmdlmjZ ^Zgguo/

bf_xsZy k\h_ ]_hf_ljbq_kdh_ ij_^klZ\e_gb_ b f_lh^
hljbkh\db,1 <k_ kehb ± gZke_^gbdb Z[kljZdlgh]h deZkkZ
CLayer.

class CLayer
{
public:

virtual void Draw(void) = 0;
virtual void Recreate(CRegion&) = 0;

};

F_lh^ Draw() \uau\Z_lky ijb hljbkh\d_ kp_gu/ d
dhlhjhc ^Zgguc kehc ijbgZ^e_`bl1 F_lh^ Recreate()
\uau\Z_lky ijb baf_g_gbb iZjZf_ljh\ kehy +\dexqZy
f_lh^ hljbkh\db,1 DeZkk CRegion kh^_j`bl
bgnhjfZpbx h ]_hf_ljbb jZkq_lghc h[eZklb b
jZkq_lguo ^Zgguo aZ^Zqb1
GZ jbk14 deZkku CLayer1, CLayer2, CLayer3

aZdexqZxl \ k_[_ klZlbq_kdb_ kehb/ lh _klv kehb [_a
ZgbfZpbb/ gZijbf_j= iehkdhklv hlk_q_gby/
bahih\_joghklv/ \ky jZkq_lgZy ]_hf_ljby1 :[kljZdlguc
deZkk CMovingLayer ± ij_^hd \k_o keh_\/ kh^_j`Zsbo
ZgbfZpbx1

class CMovingLayer
{
public:

virtual void Step(CRegion&) = 0;
};

<bjlmZevguc f_lh^ Step() \uau\Z_lky m keh_\ ±
ihlhfdh\ CMovingLayer ijb kb]gZe_ lZcf_jZ/
\kljh_ggh]h \ CPainter. Hl qZklhlu kb]gZeh\ lZcf_jZ
aZ\bkbl qZklhlZ kf_gu dZ^jh\ \ hdg_1
:[kljZdlguc deZkk CCometLayer kh^_j`bl kibkhd

fZjd_jh\ k Zkkhpbbjh\Zggufb iZjZf_ljZfb ± lhqdhc
jh`^_gby/ \j_f_g_f `bagb b `bag_gguf h[t_fhf1
Kibkhd aZihegy_lky \ f_lh^Zo Recreate() gZke_^gbdh\
CCometLayer. < deZkk_ CCometLayer ^ZgZ dhg_qgZy
j_ZebaZpby f_lh^h\ Step() b Draw():
⇒ f_lh^ CCometLayer::Step() kf_sZ_l fZjd_j \

ijhkljZgkl\_ \ khhl\_lkl\bb kh agZq_gb_f
\_dlhjgh]h ihey \ lhqd_ gZoh`^_gby fZjd_jZ b
ijh\_jy_l mkeh\by \b^bfhklb fZjd_jZ1 Ijb
gZjmr_gbb mkeh\bc fZjd_j i_j_ghkblky ba
fgh`_kl\Z ³jh`^_gguo´ \ fgh`_kl\h
³g_jh`^_gguo´1 <f_klh g_]h gZqZgZ_l ^\b`_gb_
h^bg ba ³g_jh`^_gguo´1

Jbkmghd 51F_lh^ “<kiurdb”
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⇒ f_lh^ CCometLayer::Draw() hlh[jZ`Z_l \k_
³jh`^_ggu_´ fZjd_ju \ OpenGL dhgl_dkl1 <
kms_kl\mxs_c j_ZebaZpbb fZjd_ju
\bamZebabjmxlky \ \b^_ yjdbo lhq_d k
aZlmoZxsbfb ³o\hklZfb´/ e_`Zsbfb gZ
ijhc^_gghc fZjd_jhf ljZ_dlhjbb1 LZdhc \b^
fZjd_jZ kha^Z_l 6'0wnn_dl/ ^hklZlhqguc ^ey
hij_^_e_gby gZijZ\e_gby ihey \ lhqd_/ Z lZd`_
iha\hey_l kjZ\gb\Zlv Z[khexlgu_ agZq_gby ihey \
^\mo lhqdZo ih ^ebg_ ³o\hklZ´1

Ijbf_jZf i15 khhl\_lkl\mxl=
♦ ijbf_jm ³>h`^v´ – CRainCometLayer
♦ ijbf_jm ³DZiey´ – CDropCometLayer
♦ ijbf_jm ³<kiurdb´–CFlashCometLayer1 GZ
jbk15 ihdZaZgh/ dZd \u]ey^bl j_ZebaZpby f_lh^Z ba
wlh]h ijbf_jZ ijbf_gbl_evgh d aZ^Zq_ L0h[jZagh]h
kf_kbl_ey ]ZaZ1

< wlbo deZkkZo ^ZgZ dhg_qgZy j_ZebaZpby f_lh^Z
Recreate()/ dhlhjuc aZgbfZ_lky aZiheg_gb_f kibkdZ
fZjd_jh\ \ khhl\_lkl\bb k baeh`_ggufb \ ijbf_jZo
ijbgpbiZfb1
LZdbf h[jZahf/ b_jZjoby deZkkh\ keh_\ bkihevam_l

h[sbc ih^oh^ d jZkkfhlj_gbx FQ: f_lh^h\/
hibkZgguc \ i151 >h[Z\e_gb_ gh\h]h f_lh^Z
^hklb]Z_lky ihjh`^_gb_f _s_ h^gh]h deZkkZ0ihlhfdZ
CCometLayer b dhgdj_lbaZpbb _]h f_lh^Z Recreate().

5. A:DEXQ?GB?
< jZ[hl_ [ue ij_^eh`_g gh\uc \a]ey^ gZ ]jmiim

fgh]hqZklbqguo ZgbfZpbhgguo f_lh^h\1 ;ueh
jZah[jZgh/ dZd m`_ j_Zebah\Zggu_ f_lh^u
\kljZb\Zxlky \ gh\mx ko_fm1 HibkZgZ ]hlh\Zy
j_ZebaZpby wlhc ko_fu b ^Zgu ki_pbnbdZpbb
dexq_\uo deZkkh\1 >hklb]gmlu_ j_amevlZlu iha\heyxl
kms_kl\_ggh mijhklblv dZd hij_^_e_gb_ gh\uo
f_lh^h\ ]jmiiu/ lZd b bo j_ZebaZpbx1
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Visualization of 3D vector fields by animation

The group of multiparticle animation methods has been
considered and new approach has been offered for its
description. Upon the base of this approach a system of
visual analysis has been created.

Keywords: animation, multiparticle methods, visual
analysis.
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