
Mkh\_jr_gkl\h\Zgguc Ze]hjblf k`Zlby bah[jZ`_gbc gZ hkgh\_ BNK
<eZ^bfbj =j_[_gbd

Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l bf_gb F1</ Ehfhghkh\Z
Fhkd\Z/ Jhkkby

:gghlZpby
H^ghc ba ]eZ\guo ijh[e_f \ dhfij_kkbb bah[jZ`_gbc
gZ hkgh\_ l_hjbb bl_jbjh\Zgguo nmgdpbhgZevguo
kbkl_f +BNK, y\ye_lky g_^himklbfh [hevrh_ \j_fy
dh^bjh\Zgby1 < ^Zgghc klZlv_ ij_^klZ\e_g
mkh\_jr_gkl\h\Zgguc Ze]hjblf BNK0k`Zlby +beb
njZdlZevgh]h k`Zlby, p\_lguo bah[jZ`_gbc1
Ij_^eZ]Z_fuc Ze]hjblf iha\hey_l agZqbl_evgh
kgbablv \j_fy ihkljh_gby njZdlZevgh]h dh^Z/ Z lZd`_
memqrblv jy^ ^jm]bo oZjZdl_jbklbd kms_kl\mxsbo
Ze]hjblfh\ njZdlZevgh]h k`Zlby1 Ihfbfh
klZg^Zjlgh]h njZdlZevgh]h dh^bjh\Zgby bkihevam_lky
f_lh^ \_dlhjgh]h d\Zglh\Zgby b hjb]bgZevguc kihkh[
\hkklZgh\e_gby ]eZ^dbo h[eZkl_c/ khojZgyxsb_
g_aZ\bkbfhklv ihemq_ggh]h dh^Z hl jZaj_r_gby
bkoh^gh]h h[jZaZ1 Ijh\_^_gu bkke_^h\Zgby \ebygby
bahf_ljbq_kdbo ij_h[jZah\Zgbc gZ dZq_kl\h
]_g_jbjm_fh]h dh^Z1

Dexq_\u_ keh\Z= k`Zlb_ bah[jZ`_gbc, njZdlZe/
BNK1

1. <<?>?GB?
B^_y k`Zlby bah[jZ`_gbc/ hkgh\Zggh]h gZ l_hjbb

BNK +bl_jbjh\Zgguo nmgdpbhgZevguo kbkl_f,/ [ueZ
\i_j\u_ \ukdZaZgZ F1 ;Zjgkeb \ 4<;: ]1 <ihke_^kl\bb
ij_^eh`_gby ;Zjgkeb [ueb fh^bnbpbjh\Zgu b
^hiheg_gu/ b \hafh`ghklb gh\h]h f_lh^Z k`Zlby/
gZau\Z_fh]h lZd`_ njZdlZevguf/ rbjhdh
h[km`^Zebkv \ gZmqguo djm]Zo1 Kmlv njZdlZevgh]h
f_lh^Z khklhbl \ ZiijhdkbfZpbb bkoh^gh]h h[jZaZ
g_ih^\b`ghc lhqdhc g_dhlhjh]h k`bfZxs_]h
hlh[jZ`_gby1 < l_hjbb njZdlZeh\ wlZ g_ih^\b`gZy
lhqdZ gZau\Z_lky ZlljZdlhjhf1 < hlebqb_ hl
ljZ^bpbhgguo kihkh[h\ dhfij_kkbb +gZijbf_j/ -3(*,/
bkihevamxsbo ehdZevgu_ aZ\bkbfhklb gZ hl^_evguo
mqZkldZo bah[jZ`_gby/ dh^bjh\Zgb_ k ihfhsvx BNK
hkgh\Zgh gZ ]eh[Zevghc \aZbfhk\yab njZ]f_glh\
bah[jZ`_gby/ lhqg__/ gZ _]h kZfhih^h[bb1 I_j\uc rZ]
\ Z\lhfZlbaZpbb ijhp_^mju ihbkdZ njZdlZevgh]h dh^Z
+l1_1 k`bfZxs_]h hlh[jZ`_gby, [ue k^_eZg :1
@Zdbghf [1]/ dhlhjuc ij_^eh`be jZa[blv bkoh^guc
h[jZa gZ g_[hevrb_ njZ]f_glu +gZau\Z_fu_
jZg]h\ufb,/ b/ bkihevamy gZ[hj ijhkluo
ij_h[jZah\Zgbc/ khihklZ\eylv wlbf njZ]f_glZf
ih^h[gu_ bf h[eZklb0^hf_gu/ lZd`_ \aylu_ ba
bkoh^gh]h bah[jZ`_gby1 ?keb \k_ ij_h[jZah\Zgby/
bkihevam_fu_ ijb hlh[jZ`_gbb ^hf_gh\ \ jZg]h\u_
h[eZklb/ h[eZ^Zxl k\hckl\hf k`bfZ_fhklb/ lh

ihemq_gguc gZ[hj ^Zgguo ij_h[jZah\Zgbc
+njZdlZevguc dh^,/ [m^mqb ijbf_g_gguf d
ijhba\hevghfm gZqZevghfm ijb[eb`_gbx/ khc^_lky d
bkoh^ghfm bah[jZ`_gbx1 Wlhl ih^oh^ iha\hebe \
ijbgpbi_ j_Zebah\Zlv Z\lhfZlbq_kdh_ BNK0
dh^bjh\Zgb_/ gh gZ ijZdlbd_ \j_fy kha^Zgby lZdh]h
dh^Z \k_ _s_ kebrdhf \_ebdh1 Ij_^eZ]Z_fuc Ze]hjblf
iha\hey_l agZqbl_evgh kgbablv \j_fy ihkljh_gby
njZdlZevgh]h dh^Z/ Z lZd`_ memqrblv jy^ ^jm]bo
oZjZdl_jbklbd kms_kl\mxsbo Ze]hjblfh\
njZdlZevgh]h k`Zlby1

2. F:L?F:LBQ?KDH? HIBK:GB?
F?LH>: NJ:DL:EVGH=H K@:LBY
Imklv [ 5= ∈+ / / 111 ,[ [ [Q

7 Q
4 5 0 bkoh^gh_

bah[jZ`_gb_ +kb]gZe,1 JZkkfhljbf Znnbggh_
ij_h[jZah\Zgb_

:= :+ ,[ [ $[ E→ = + / +4,
khklhys__ ba fZljbpu $ b \_dlhjZ kf_s_gby E1 ;m^_f
jZkkfZljb\Zlv lhevdh W/ h[eZ^Zxsb_ k\hckl\hf
k`bfZ_fhklb=

[ )∃ ∈ < ∀ ∈: /:V G VG Q34/ = + + , + ,, + / ,[ \ [ \ [/\ 5 +5,
Lh]^Z kms_kl\m_l _^bgkl\_ggZy g_ih^\b`gZy lhqdZ
hlh[jZ`_gbyW:

∃ = :[ [I I+ , +6,
Ijhp_kk dh^bjh\Zgby khklhbl \ hij_^_e_gbb A b b
lZdbo/ qlh jZkklhygb_ G I+ / ,[ [3 f_`^m bkoh^guf
kb]gZehf [3 b g_ih^\b`ghc lhqdhc [ I hlh[jZ`_gby:
fbgbfZevgh/ Z kZfb $ b E bf_xl kjZ\gbl_evgh ijhklh_
ij_^klZ\e_gb_1 Ih ihemq_gghfm BNK0dh^m fh`gh
\hkklZgh\blv _]h g_ih^\b`gmx lhqdm +Z/
ke_^h\Zl_evgh/ b bkoh^guc kb]gZe,/ j_rZy
bl_jZlb\guf h[jZahf mjZ\g_gb_ [ [I I= :+ , 1 GZqbgZy

k ijhba\hevgh]h gZqZevgh]h ijb[eb`_gby [ 53 ∈ Q /
ihke_^h\Zl_evghklv bl_jZpbc [ [N

N= : + ,3 koh^blky d
bkdhfhc g_ih^\b`ghc lhqd_ [ [I N N=

→∞
OLP 1 LZdbf

h[jZahf/ _keb \uiheg_gu \k_ mdZaZggu_ \ur_
lj_[h\Zgby/ lh k ihfhsvx BNK fh`gh bl_jZpbhgguf
iml_f ihemqblv kdhev m]h^gh ohjhrmx ZiijhdkbfZpbx
bkoh^gh]h bah[jZ`_gby ba ijhba\hevgh]h gZqZevgh]h
ijb[eb`_gby1 Gh gZ ijZdlbd_ j_r_gb_ h[jZlghc
aZ^Zqb ihkljh_gby BNK0dh^Z lj_[m_l ijh\_^_gby
kebrdhf [hevrh]h h[t_fZ \uqbke_gbc1 L_hj_fZ h
dheeZ`_/ ^hdZaZggZy F1 ;Zjgkeb/ iha\hebeZ
agZqbl_evgh mijhklblv ijhp_^mjm ihkljh_gby
njZdlZevgh]h dh^Z1 Kh]eZkgh wlhc l_hj_f_/ \f_klh

International Conference Graphicon 1998, Moscow, Russia, http://www.graphicon.ru/



fbgbfbaZpbb jZkklhygby G I+ / ,[ [3 f_`^m bkoh^guf
h[jZahf b g_ih^\b`ghc lhqdhc BNK/ fh`gh
fbgbfbabjh\Zlv jZkklhygb_ G+ / + ,,[ [3 3: f_`^m
bkoh^guf h[jZahf b _]h %dheeZ`_f%/ ihemq_guf k
ihfhsvx ^Zgghc BNK1 Ohly ihkljh_gguc lZdbf
h[jZahf njZdlZevguc dh^ y\ey_lky km[hilbfZevguf/
wlhl ih^oh^ y\ey_lky _^bgkl\_gguf ijbf_gy_fuf gZ
ijZdlbd_1

3. MKH<?JR?GKL<H<:GGUC
:E=HJBLF NJ:DL:EVGH=H K@:LBY

3.1 HibkZgb_ Ze]hjblfZ
I_j\uf rZ]hf jZ[hlu dhfij_kkhjZ y\ye_lky

kha^Zgb_ \k_o \hafh`guo ^hf_gh\ b ijb\_^_gb_ bo d
%ghjfbjh\Zgghfm% \b^m k ^bgZfbq_kdbf jy^hf
+jZagbp_c f_`^m fZdkbfZevguf b fbgbfZevguf
p\_lZfb, 588/ lZd dZd \ ^Zgghc j_ZebaZpbb ^ey
ijhklhlu ih^ p\_l hl\_^_gh ; [bl/ b kj_^gbf p\_lhf
45;
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Kkuedb gZ %ghjfbjh\Zggu_% ^hf_gu ihf_sZxlky \
^_j_\h ^hf_gh\ +kf1 615,1 AZl_f dZ`^Zy jZg]h\Zy
h[eZklv \ aZ\bkbfhklb hl \_ebqbgu k\h_]h
^bgZfbq_kdh]h jy^Z ihf_sZ_lky \ h^bg ba lj_o deZkkh\
+kf1 >5@,1 <hafh`gu 6 kemqZy

1. G_[hevrhc ^bgZfbq_kdbc jy^ +]eZ^dZy h[eZklv,1
< wlhf kemqZ_ hkms_kl\ey_lky ihiuldZ ZiijhdkbfZpbb
jZg]h\h]h [ehdZ h^ghp\_lguf njZ]f_glhf +kf1 616,1
?keb ZiijhdkbfZpby g_m^h\e_l\hjbl_evgZ/ h[eZklv
i_j_oh^bl \ deZkk 61
51 Hq_gv [hevrhc ^bgZfbq_kdbc jy^1 < wlhf kemqZ_

hkms_kl\ey_lky ihiuldZ ZiijhdkbfZpbb jZg]h\h]h
[ehdZ \_dlhjhf +kf1 3.4,1 ?keb ZiijhdkbfZpby
g_m^h\e_l\hjbl_evgZ/ h[eZklv i_j_oh^bl \ deZkk 61
61  Kj_^gbc ^bgZfbq_kdbc jy^1 LZdb_ h[eZklb/ dZd b

^hf_gu/ ijb\h^ylky d \b^m k _^bguf +fZdkbfZevguf,
^bgZfbq_kdbf jy^hf b kj_^gbf p\_lhf/ Z aZl_f ^ey
gbo hkms_kl\ey_lky ihbkd ih^oh^ys_]h ^hf_gZ b
ij_h[jZah\Zgby1 5 L Ziijhdkbfbjm_lky 'L
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3.2 KljmdlmjZ ^Zgguo
>ey ihbkdZ ih^oh^ysbo iZj %^hf_g0jZg]h\Zy

h[eZklv% bkihevam_lky kljmdlmjZ ^Zgguo 0 ^_j_\h/ 0 \
dhlhjhf ojZgblky bgnhjfZpby h[h \k_o ^hf_gZo1
I_j_^ gZqZehf dh^bjh\Zgby ijhbkoh^bl ]_g_jZpby
\k_o \hafh`guo ^hf_gh\/ hgb %ghjfbjmxlky%/ aZl_f
jZa[b\Zxlky gZ q_luj_ h^bgZdh\uo d\Z^jZlguo
h[eZklb/ \uqbkeyxlky b aZihfbgZxlky kj_^gb_
agZq_gby ih wlbf h[eZklyf1  >_j_\h bf__l iylv
mjh\g_c1 GZ i_j\hf mjh\g_ ojZgylky \k_ bf_xsb_ky
\ZjbZglu agZq_gbc kj_^g_]h p\_lZ ih \_jog_fm e_\hfm
d\Z^jZglm +\ kbem ghjfbjh\db bo g_ [he__ 589,1
DZ`^hfm agZq_gbx khhl\_lkl\m_l kkuedZ gZ
ke_^mxsbc mjh\_gv/ gZ dhlhjhf ojZgylky \k_
bf_xsb_ky \ZjbZglu agZq_gbc kj_^g_]h p\_lZ ih
\_jog_fm ijZ\hfm d\Z^jZglm/ dhlhju_/ \ k\hx hq_j_^v/
kkueZxlky gZ kibkhd kljmdlmj ^Zgguo/ kh^_j`Zsbo
bgnhjfZpbx h kj_^gbo p\_lZo hklZevguo d\Z^jZglh\ b
ghf_jZ ^hf_gh\ k lZdbf jZkij_^_e_gb_f p\_lh\1 LZdbf
h[jZahf/ ijhp_kk ihbkdZ k\h^blky d ke_^mxs_fm=

- \aylv jZg]h\mx h[eZklv/ ij_h[jZah\Zlv __ d
%ghjfbjh\Zgghfm% \b^m b ihkqblZlv kj_^gb_
agZq_gby ih d\Z^jZglZf>

- ^ey dZ`^h]h ij_h[jZah\Zgby ih^h[by
hkms_kl\blv ke_^mxsb_ hi_jZpbb=
- gZclb we_f_gl i_j\h]h mjh\gy ^_j_\Z/
fZdkbfZevgh khhl\_lkl\mxsbc agZq_gbx
i_j\h]h d\Z^jZglZ1 Ihkdhevdm agZq_gby
mihjy^hq_gu/ wlh [ukljZy hi_jZpby1
GZc^_gghfm agZq_gbx h[yaZl_evgh
khhl\_lkl\m_l kkuedZ gZ ke_^mxsbc mjh\_gv
^_j_\Z>

- ihemqblv kibkhd we_f_glh\/ kh^_j`Zsbo
\ZjbZglu agZq_gbc \lhjuo d\Z^jZglh\ b
ih\lhjblv hi_jZpbx ihbkdZ>

- ihemqblv kibkhd we_f_glh\/ kh^_j`Zsbo
\ZjbZglu agZq_gbc lj_lvbo d\Z^jZglh\ b
ih\lhjblv hi_jZpbx ihbkdZ>

- ihemqblv kibkhd we_f_glh\/ kh^_j`Zsbo
\ZjbZglu agZq_gbc q_l\_jluo d\Z^jZglh\ b
ih\lhjblv hi_jZpbx ihbkdZ>

- kj_^b kibkdZ ^hf_gh\ \u[jZlv gZ[hj
^hf_gh\ k ih^oh^ysbf ^bgZfbq_kdbf jy^hf/ _keb
lZdhc kms_kl\m_l +wlh hij_^_ey_lky kjZam/ lZd dZd
i_j\uf \ kibkd_ ^hf_gh\ klhbl ^hf_g k
fZdkbfZevguf ^bgZfbq_kdbf jy^hf,>

- ^ey \k_o \u[jZgguo ^hf_gh\ b ^ey \k_o
ij_h[jZah\Zgbc ih^h[by \uqbkeblv dhwnnbpb_gl
k`Zlby b k^\b] yjdhklb/ \u[jZlv ^hf_g b
ij_h[jZah\Zgb_/ ^Zxsb_ fbgbfZevgmx hrb[dm1

3.3 Dh^bjh\Zgb_ ]eZ^dbo h[eZkl_c
H[eZklb k g_[hevrbf ^bgZfbq_kdbf jy^hf qZklh
fh]ml [ulv [_a kms_kl\_gguo ihl_jv
Ziijhdkbfbjh\Zgu h^ghp\_lgufb h[eZklyfb +k
gme_\uf ^bgZfbq_kdbf jy^hf,1 Gh \ kemqZ_/ _keb gZ
agZqbl_evghf njZ]f_gl_ bah[jZ`_gby bf__l f_klh g_
hq_gv [hevrhc/ gh ^hklZlhqgh klZ[bevguc ]jZ^b_gl/
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p\_l khk_^gbo [ehdh\ fh`_l hlebqZlvky \_kvfZ
aZf_lgh1 Qlh[u ba[_`Zlv wnn_dlZ %[ehqghklb%/ Z
bf_ggh/ ih \hafh`ghklb ^_eZlv ieZ\guf i_j_oh^
f_`^m ]jZgbpZfb khk_^gbo jZg]h\uo h[eZkl_c/ ijb
\hkklZgh\e_gbb bah[jZ`_gby ijbf_gy_lky
ki_pbZevguc Ze]hjblf1  JZkkfhljbf ]eZ^dmx jZg]h\mx
h[eZklv 5 $ gZ Jbk1 1.
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DZ`^hc ]eZ^dhc h[eZklb \ ihkljh_gghf
njZdlZevghf dh^_ khhl\_lkl\m_l h^gZ dhgklZglZ/
h[hagZqZxsZy hkgh\ghc p\_l ^Zgghc h[eZklb +^ey 5 $

wlh &3 ,1 :e]hjblf k]eZ`b\Zgby ijb \hkklZgh\e_gbb
ij_^iheZ]Z_l/ qlh ^Zgguc p\_l [m^_l bf_lv p_glj
h[eZklb +lhqdZ $,1 DZ`^Zy jZg]h\Zy h[eZklv ^_eblky gZ
q_luj_ d\Z^jZglZ/ b ^ey dZ`^h]h d\Z^jZglZ
k]eZ`b\Zgb_ ijhba\h^blky g_aZ\bkbfh1 Ijb wlhf
\u^_eyxlky ljb khk_^gbo ]eZ^dbo jZg]h\uo h[eZklb
+gZ Jbk1 1 wlh 5 5 5% & '/ / ^ey ijZ\h]h gb`g_]h
d\Z^jZglZ 5 $ ,1 ?keb h^bg ba khk_^gbo jZg]h\uo
njZ]f_glh\ hlkmlkl\m_l +l_dmsZy h[eZklv gZoh^blky gZ
]jZgbp_, beb g_ y\ey_lky ]eZ^dhc/ lh ijhba\h^blky
k]eZ`b\Zgb_ k %\bjlmZevghc% khk_^g_c h[eZklvx/
bf_xs_c lhl `_ hkgh\ghc p\_l/ qlh b k]eZ`b\Z_fZy1
Ihke_ hij_^_e_gby khk_^gbo njZ]f_glh\ b bo
hkgh\guo p\_lh\ ijhba\h^blky ebg_cgh_ k]eZ`b\Zgb_=
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+4 3 5 3 3 4 5 6
5 3

LZdbf h[jZahf/ \ p_gljZevguo lhqdZo \k_o
k]eZ`b\Z_fuo njZ]f_glh\ \k_]^Z [m^ml bo %hkgh\gu_
p\_lZ%/ \ m]eZo njZ]f_glh\ [m^ml mkj_^g_ggu_
agZq_gby \k_o ]jZgbqZsbo jZg]h\uo h[eZkl_c
+agZq_gb_ p\_lZ \ lhqd_ * jZ\gh + ,& & & &3 4 5 6 7+ + + ,/
Z gZ k_j_^bg_ ]jZgbp f_`^m njZ]f_glZfb [m^_l
ihemkmffZ %hkgh\guo% p\_lh\ ]jZgbqZsbo h[eZkl_c
+agZq_gb_ p\_lZ \ lhqd_ ( jZ\gh + ,& &3 4 5+ ,/ qlh
h[_ki_qbl dhjj_dlguc i_j_oh^ f_`^m jZagufb
k]eZ`b\Z_fufb d\Z^jZglZfb

3.4 Bgl_]jZpby k f_lh^hf
\_dlhjgh]h d\Zglh\Zgby
>ey jZg]h\uo h[eZkl_c k [hevrbf ^bgZfbq_kdbf

jy^hf [u\Z_l keh`gh ih^h[jZlv ^hf_g k _s_ [hevrbf

^bgZfbq_kdbf jy^hf/ ihwlhfm ^ey dh^bjh\Zgby lZdbo
h[eZkl_c bkihevam_lky f_lh^ \_dlhjgh]h d\Zglh\Zgby1
Kmlv f_lh^Z aZdexqZ_lky \ lhf/ qlh ^ey ^Zgghc
jZg]h\hc h[eZklb ih^[bjZ_lky gZb[he__ ihoh`bc
we_f_gl ba aZjZg__ hij_^_e_ggh]h fgh`_kl\Z \_dlhjh\/
b \ dZq_kl\_ b^_glbnbdZlhjZ wlhc h[eZklb ojZgblky
ebrv ghf_j ^Zggh]h we_f_glZ1 < ^Zgghc j_ZebaZpbb
[ueZ jZajZ[hlZgZ kbkl_fZ 49 ^\mop\_lguo \_dlhjh\
+p\_lZ dh^bjmxlky hl^_evgh dZd iZjZf_lju
ij_h[jZah\Zgby,/ ih^h[jZgguo lZdbf h[jZahf/ qlh[u
hgb ^hklZlhqgh ohjhrh ij_^klZ\eyeb j_adb_ ]jZgb
f_`^m njZ]f_glZfb bah[jZ`_gby/ ihkdhevdm bf_ggh \
lZdbo kemqZyo fh]ml \hagbdgmlv ijh[e_fu k ihbkdhf
ih^oh^ys_]h ^hf_gZ1 LZdZy kblmZpby h[uqgh \hagbdZ_l
ba0aZ h]jZgbq_gbc gZ ^bgZfbq_kdbc jy^ bkdhfh]h
^hf_gZ/ dhlhjuc/ dZd ijZ\beh/ ^he`_g [ulv [hevr_
^bgZfbq_kdh]h jy^Z jZg]h\hc h[eZklb1 GZ mqZkldZo k
j_adbfb ]jZgbpZfb ^bgZfbq_kdbc jy^ hq_gv \_ebd/ b
qZklh hdZau\Z_lky/ qlh hg ^hklb]Z_l k\h_]h
fZdkbfZevgh]h agZq_gby1 < wlhf kemqZ_ g_ kms_kl\m_l
^hf_gZ kh kljh]h [hevrbf ^bgZfbq_kdbf jy^hf/ b
jZg]h\Zy h[eZklv aZf_sZ_lky gZb[he__ ihoh`bf
\_dlhjhf1 <_dlhjZ \u[jZgu lZd/ qlh bo kljmdlmjZ g_
aZ\bkbl hl jZaj_r_gby/ b wlh ^Z_l _fm ^hihegbl_evgh_
ij_bfms_kl\h \ khq_lZgbb k njZdlZevguf f_lh^hf1

3.5 Ijh]jZffgZy j_ZebaZpby
HibkZgguc Ze]hjblf [ue j_Zebah\Zg ijh]jZffgh/ b

\k_ ij_^eh`_ggu_ j_r_gby [ueb ijZdlbq_kdb
hijh[h\Zgu1 < dZq_kl\_ \oh^guo ^Zgguo dhfij_kkhjZ
b \uoh^guo ^Zgguo ^_dhfij_kkhjZ [ueb \aylu
\ukhdhdZq_kl\_ggu_ nZceu nhjfZlZ Targa True &RORU/
57 [blZ gZ ibdk_e1 K]_g_jbjh\Zgguc njZdlZevguc dh^
khojZgyeky \ nZce_ ki_pbZevgh]h nhjfZlZ/ ihke_ q_]h
ba[ulhqgZy bgnhjfZpby m^ZeyeZkv f_lh^hf =,31
Ijh]jZffZ mijZ\ey_lky k ihfhsvx
dhgnb]mjZpbhggh]h nZceZ/ kh^_j`Zs_]h hij_^_e_gguc
gZ[hj iZjZf_ljh\ dhfij_kkhjZ b ^_dhfij_kkhjZ1 Djhf_
wlbo iZjZf_ljh\ +bo [he__ 53,/ gZ dZq_kl\h
ihemqZ_fh]h bah[jZ`_gby \eby_l deZkkbnbdZpby
^hf_gh\ b jZg]h\uo h[eZkl_c/ lZd`_ j_]mebjm_fZy
g_dhlhjufb dhwnnbpb_glZfb/ b \gmlj_ggb_
iZjZf_lju/ \ebyxsb_ gZ eh]bdm b oh^ jZ[hlu
dh^bjh\sbdZ1 Ihkdhevdm ijh]jZffgZy j_ZebaZpby
ghkbeZ bkke_^h\Zl_evkdbc oZjZdl_j/ [ueZ ijh\_^_gZ
ebrv kZfZy h[sZy hilbfbaZpby Ze]hjblfZ ih kdhjhklb1
BkiulZgby ijh\h^bebkv ijb gZebqbb [hevrh]h h[t_fZ
\u\h^bfuo hleZ^hqguo b klZlbklbq_kdbo ^Zgguo/
kem`Zsbo ^ey hp_gdb wnn_dlb\ghklb kZfh]h Ze]hjblfZ
b \ebygby \oh^guo iZjZf_ljh\1 Iml_f m^Ze_gby
fh^me_c b njZ]f_glh\ ijh]jZffgh]h dh^Z/
bkihevah\Z\rboky bkdexqbl_evgh ^ey l_klbjh\Zgby/ b
ijh\_^_gby [he__ ^_lZevghc gZkljhcdb
[ukljh^_ckl\by/ \hafh`gh ^hklbqv agZqbl_evgh]h
mkdhj_gby jZ[hlu dhfij_kkhjZ b ^_dhfij_kkhjZ1
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3.6 J_amevlZlu ijbf_g_gby
ij_^eh`_ggh]h Ze]hjblfZ
J_ZebaZpby ij_^eh`_ggh]h Ze]hjblfZ [ueZ

ijhl_klbjh\ZgZ gZ jZaebqguo j_Zevguo bah[jZ`_gbyo
ijb jZaguo agZq_gbyo iZjZf_ljh\ +jZkq_lu \_ebkv gZ
ID k ijhp_kkhjhf ,QWHO 3HQWLXP 499,1 Dhwnnbpb_gl
k`Zlby +hlghr_gb_ jZaf_jZ bkoh^gh]h nZceZ d jZaf_jm
k`Zlh]h nZceZ, \ kj_^g_f khklZ\eye 48063 jZa ijb
hlghr_gbb kb]gZe2rmf +3615, hdheh 64 GE1
IjZdlbq_kdb_ bkke_^h\Zgby ihdZaZeb/ qlh ljb
dhfihg_glu dhf[bgbjh\Zggh]h njZdlZevgh]h f_lh^Z
ohjhrh ^hihegyxl ^jm] ^jm]Z= gZ h[eZklyo k fZeuf
^bgZfbq_kdbf jy^hf _klv \hafh`ghklv kwdhghfblv
\j_fy dh^bjh\Zgby b bkihevah\Zlv f_gvr_ iZjZf_ljh\
ijb ojZg_gbb> ^ey h[eZkl_c k [hevrbf ^bgZfbq_kdbf
jy^hf qZklh g_ kms_kl\m_l ^hf_gZ/ m^h\e_l\hjyxs_]h
mkeh\bx k`bfZ_fhklb b ihwlhfm f_lh^ \_dlhjgh]h
d\Zglh\Zgby ij_^hklZ\ey_l _^bgkl\_ggmx \hafh`ghklv
^ey bo dh^bjh\Zgby1 <k_ ljb f_lh^Z g_ aZ\bkyl hl
jZaj_r_gby/ qlh iha\hey_l m\_ebqb\Zlv _]h ijb
\hkklZgh\e_gbb bah[jZ`_gby1 GZ bah[jZ`_gbb/
ihemq_gghf njZdlZevguf f_lh^hf/ hlkmlkl\m_l
[ehqghklv/ \ua\ZggZy ih\lhj_gb_f ibdk_eh\ ijb
h[uqghf m\_ebq_gbb bkoh^gh]h h[jZaZ/ ohly
iheghklvx j_Zebklbqghc ]eZ^dhklb ^h[blvky g_
m^Z_lky1  Ijb dh^bjh\Zgbb ihemlhgh\h]h bah[jZ`_gby
jZaf_jhf 933×933 +F 5 7 b jZkklhygb_f f_`^m
khk_^gbfb ^hf_gZfb \ ; ibdk_eh\, iheguf i_j_[hjhf
g_h[oh^bfh [ueh [u hkms_kl\blv hdheh 415 43;×
kjZ\g_gbc ^hf_g0jZg]h\Zy h[eZklv1 ?keb mq_klv/ qlh
g_h[oh^bfh kjZ\gblv \k_ lhqdb h[eZkl_c/ ihemqbf
hdheh 41< 43<× %we_f_glZjguo% hi_jZpbc kjZ\g_gby1
Ijb bkihevah\Zgbb ij_^eh`_gghc kljmdlmju ^Zgguo
hkms_kl\ey_lky \ kj_^g_f hdheh 7 4391; ×
%we_f_glZjguo% hi_jZpbc kjZ\g_gby/ ijb wlhf
dhebq_kl\h kh[kl\_ggh kjZ\g_gbc bkdhfuo iZj b
dhebq_kl\h kjZ\g_gbc/ ijhba\_^_gguo ijb h[oh^Z
^_j_\Z ijbf_jgh kh\iZ^Zxl1 >ey ihkljh_gby
njZdlZevgh]h dh^Z p\_lgh]h bah[jZ`_gby ZgZeh]bqguo
jZaf_jh\ +b hkms_kl\e_gby mljh_ggh]h qbkeZ
hi_jZpbc, moh^bl hdheh 93 k_dmg^1 < >6@ hibkZg
hilbfbabjh\Zgguc Ze]hjblf/ lZd`_ bkihevamxsbc
kljmdlmjm %^_j_\h% ^ey ojZg_gby b ih^[hjZ ^hf_gh\1
>ey kjZ\g_gby/ fZdkbfZevguc j_amevlZl kdhjhklb/
h[ty\e_gguc Z\lhjZfb/ khklZ\ey_l 85 k_dmg^u ijb
ihemlhgh\hf bah[jZ`_gbb 589×5891  Dhebq_kl\h
bkihevam_fuo ^hf_gh\ g_ y\ey_lky iZjZf_ljhf/
aZf_lgh \ebyxsbf gZ dZq_kl\h ihemq_ggh]h dh^Z1
Ijb_fe_fh_ dZq_kl\h fh`gh ihemqblv/ bkihevamy m`_
341 15 ^hf_gh\/ ]^_ 15 0 qbkeh jZg]h\uo h[eZkl_c/
ijbq_f m\_ebq_gb_ qbkeZ ^hf_gh\ g_ ijb\_^_l d
dZdhfm0eb[h memqr_gbx \hkklZgZ\eb\Z_fh]h
bah[jZ`_gby1 Kh\k_f g_[hevrb_ baf_g_gby \ dZq_kl\_
ijhbahc^ml/ _keb bkihevah\Zlv \k_]h 3 3481 15 ^hf_gh\1
< lh `_ \j_fy \Z`guf nZdlhjhf/ \ebyxsbf gZ
dZq_kl\h/ y\eyxlky ; bahf_ljbc/ bkihevam_fuo ^ey

jZkrbj_gby fgh`_kl\Z ^hf_gh\1 Ijb bo hlkmlkl\bb
\hkklZgZ\eb\Z_fh_ bah[jZ`_gb_ bf__l yjdh
\ujZ`_ggmx Zgbahljhigmx kljmdlmjm1 Ohly \ >7@
ml\_j`^Z_lky/ qlh bahf_ljbb bkihevamxlky djZcg_
j_^dh b fh]ml [ulv hl[jhr_gu [_a ihl_jb dZq_kl\Z
\hkklZgZ\eb\Z_fh]h bah[jZ`_gby +ih djZcg_c f_j_ ijb
dh^bjh\Zgbb f_lh^hf ihegh]h i_j_[hjZ,/
ij_^eZ]Z_fuc Ze]hjblf bkihevam_l \k_ bahf_ljbb
ijZdlbq_kdb k h^bgZdh\hc qZklhlhc1

4. A:DEXQ?GB?
Ij_^eh`_g gh\uc Ze]hjblf njZdlZevgh]h k`Zlby

p\_lguo bah[jZ`_gbc/ iha\heyxsbc agZqbl_evgh
mkdhjblv ijhp_kk dh^bjh\Zgby1 >Zgh ^_lZevgh_
hibkZgb_ kljmdlmju Ze]hjblfZ/ _]h hkgh\guo qZkl_c b
hkh[_gghkl_c1 Ij_^klZ\e_gu j_amevlZlu ijZdlbq_kdbo
bkiulZgbc Ze]hjblfZ ijbf_gbl_evgh d p\_lguf
bah[jZ`_gbyf \ukhdh]h jZaj_r_gby1
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Improved Algorithm of Image Compression
Based on IFS

Abstract
One of the biggest problems in the IFS-based image compression
is very long encoding time. In this paper we present new
improved algorithm of IFS-compression (also called fractal
compression) of color images. The algorithm we propose allows
to reduce significantly the time of building of the fractal code and
enhance some other characteristics of existing fractal image
compression algorithm1 Along with “standard” fractal encoding in
our algorithm we use also Vector Quantisation and original
method of restoration of smooth blocks. This combined method
keeps resolution independence of usual fractal encoders. The
influence of isometries on the quality of IFS-code was studied.
Keywords= image compression, fractal, IFS
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