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 !""#$%&'( )$*&$" +,,'-%.)($"%. *&'/"%!)0'-

(.1 2.,&$)$3$ .4$5&!6'(.1 ) )./' (!5$&! 5.%$)78 

"'9'(.: . *&.)'/'(7 &'4;0<%!%7 ,&!-%!0<(78 5.-

(!&(78 !03$&.%#$) -$/.&$)!(.1 /.(!#.9'"-.8 *$0;-

%$($)78 . "%!%.9'"-.8 2)'%(78 2.,&$)78 .4$5&!-

6'(.:. 

 !" 621.397 

#$%"&%'()*+ "*!,$*-%),+ .-+&)/0 ,1*2$%3+),4 , 5*' &*)*-/0 

-,!+*5*6'+!*-%&+'()*6&+4 

 !"!#$%& '.(., )!&*+& ,.'., -."%/%& 0.0. 

 

 !"#"$%" 

 !"#!$%%!& '!()*"#*%+& !,-&.!' /&)&0*'*&-

.12 0*%%12 #)&,3&# 3"!'&)4&%"#'!'*%+$ /)&5%+2 

+ )*()*,!#63 %!'12 *78!)+#.!' "5*#+$ 0*%%12. 

9)&0+ !,:&8! !,-&.* ;+<)!'12 0*%%12 ;+<)!-

'1& +(!,)*5&%+$ (*%+.*=# !"!,!& .&"#!. 9'$(*%! 

>#!, '!-/&)'12, "! "#*#+"#+?&"6+.+ 2*)*6#&)+"#+-

6*.+ +(!,)*5&%+@, '!-'#!)12, " /"+2!<+(+?&"6+. 

'!"/)+$#+&. /!"7&0%+2 ?&7!'&6!.. 

A !#7+?+& !# /)!+('!7B%!8! ;+<)!'!8! /!#!6*, 

/)&0"#*'7$&.!8! ' '+0& .*""+'* 0*%%12, /!"#3-

/*=:+2 %* 6!0&), ;+<)!'!& +(!,)*5&%+& /)*-

'+7B%&& /)&0"#*'7$#B .*#)+;&@, !,7*0*=:&@ 

/)!"#)*%"#'&%%1.+ 6!))&7$;+!%%1.+ "'$($.+. 

C!))&7$;+!%%1& 2*)*6#&)+"#+6+, /)*6#+?&"6+ 

/!"#!$%%1& %* '"&. +%#&)'*7& +(!,)*5&%+$, 36*-

(1'*=# %* "2!5&"#B (/)&0"6*(3&.!"#B) "!"&0%+2 

>7&.&%#!' +(!,)*5&%+$. D&. '14& 6!))&7$;+$ 

/+6"&7&@ +(!,)*5&%+$, #&. .&%B4& ,+# +%<!)-

.*;++ ,30&# %&!,2!0+.! 07$ +2 6!0+)!'*%+$. 

E0%*6! +"/!7B(!'*%+& !0%!@ "#*#+"#+?&"6!@ 

+(,1#!?%!"#+ %& /!('!7$&# 0!"#+?B ,!7B4+2 6!-

><<+;+&%#!' "5*#+$, %*/)+.&), 6!0+)!'*%+& 

<*@7* bmp *)2+'*#!)!. ZIP !,1?%! 0*&# "5*#+& 

' 1.5-3 )*(.  !>#!.3 '"& "!')&.&%%1& .&#!01 

"5*#+$ /!"#)!&%1 " 3?&#!. +%<!).*;+!%%!@ +(-

,1#!?%!"#+ +(!,)*5&%+$. F7$ 6*?&"#'&%%!8! '!"-

/)+$#+$ +(!,)*5&%+$ 0!"#*#!?%! &8! /)+,7+5&%-

%!@ 6!/++, (*0*?* 6!0&)* ' >#!. "73?*& "!"#!+# ' 

'1,!)& (%*?*:+2 "!"#*'7$=:+2 +(!,)*5&%+$ + 

><<&6#+'%!8! +2 6!0+)!'*%+$. C!><<+;+&%# 

"5*#+$ ' "73?*& +"/!7B(!'*%+$ *78!)+#.!' "5*-

#+$ " ?*"#+?%!@ /!#&)&@ 0*%%12 /)+ /)+&.7&.!. 

'!""#*%!'7&%++ +(!,)*5&%+$ 0!"#+8*&# 20 )*( + 

,!7&&. 

D&. ,!7B4& +%<!).*;++ !, +(!,)*5&%++ +"-

/!7B(3&# 6!0&), #&. ><<&6#+'%&& /)!+"2!0+# 

6!0+)!'*%+&. G)6!"#B +7+ ;'&#%!"#B ' ;+<)!'!. 

+(!,)*5&%++ /&)&0*&#"$ /!")&0"#'!. ;&/!?6+ 

,+#, /!>#!.3 %*)$03 " /)!"#)*%"#'&%%1.+ 6!))&-

7$;+!%%1.+ 2*)*6#&)+"#+6*.+ ' ;+<)!'!. +(!-

,)*5&%++ /)+"3#"#'3=# 6!))&7$;+!%%1& "'$(+ 

.&503 ,+#*.+ 0*%%12. E/&)*;++ .&5,+#!'!@ !,-

)*,!#6+ $'7$=#"$ ,+%*)%1.+, #.&. .!83# ,1#B */-

/*)*#%! )&*7+(!'*%1 07$ 3"6!)&%+$ /)!;&""!' 

6!0+)!'*%+$/ 0&6!0+)!'*%+$. 

&%'(!)" *"+"$%, -%./(!(0( %1(2/34"$%, 

H*()$0%!"#B $'7$&#"$ !0%!@ +( 2*)*6#&)+"#+6 

;+<)!'!8! +(!,)*5&%+$ + /!6*(1'*&#, "6!7B6! ,+# 

0*%%12 /)+2!0+#"$ %* 6!0+)!'*%+& 6*50!8! /+6"&7$ 

+(!,)*5&%+$. D*:& '"&8! %* /)*6#+6& +(-(* /)!"#!#1 

+"/!7B(3=# )*'%!.&)%3= +./37B"%!-6!0!'3= .!03-

7$;+=, 07$ 6!0+)!'*%+$ /!73#!%!'!8! ;+<)!'!8! 

+(!,)*5&%+$ 0!"#*#!?%! 8 ,+# 0*%%12, ;'&#%!8! +(!-

,)*5&%+$ – 24 ,+#*, /! '!"&.B ,+# %* 6*501@ ;'&#. 

I+#!'!& "&?&%+& /)&0"#*'7$&# "!,!@ "&?&%+& 

;+<)!'!8! +(!,)*5&%+$ /! "!!#'&#"#'3=:&.3 

)*()$03. 9#*)4+. "&?&%+&. $'7$&#"$ "&?&%+& /! 

'!"B.!.3 ,+#3, .7*04+. – /! /&)'!.3. H*(,+&%+& 

%* ,+#!'1& "&?&%+$ /!('!7$&# '10&7+#B ,+%*)%1& 

"!"#*'7$=:+& ;+<)!'!8! +(!,)*5&%+$. 9#*)4+& 

,+#!'1& "&?&%+$ ' !"%!'%!. /&)&0*=# 6)3/%1& + 

")&0%+& !,-&6#1 (%+(6!?*"#!#%1& "!"#*'7$=:+&) 

;+<)!'!8! "+8%*7*, " 3.&%B4&%+&. )*()$0* ,+#!-

'!8! "&?&%+$ '&7+?+%* /&)&0*'*&.12 !,-&6#!' 

3.&%B4*&#"$ (?*"#!#* "!"#*'7$=:+2 "+8%*7* 3'&-

7+?+'*&#"$). J"#*%!'7&%! [1], ?#! %*+,!7B4+@ 

'67*0 ' '!"/)+$#+& ?&7!'&6!. +(!,)*5&%+$ !6*-

(1'*=# %+(6!?*"#!#%1& "+8%*71, <!).+)3=:+& 

!"%!'3 +(!,)*5&%+$. 

H*'%!.&)%!& 6'*%#!'*%+& /! ")*'%&%+= " %&-

)*'%!.&)%1. 3'&7+?+'*&# +(,1#!?%!"#B ;+<)!-

'!8! +(!,)*5&%+$, #.6. 07$ 6!0+)!'*%+$ +%<!).*-

;++ +"/!7B(3&#"$ ;&/!?6* ,+# <+6"+)!'*%%!@ 

,!7B4&@ 07+%1. A!()*"#*%+& +(,1#!?%!"#+ /)+-

'!0+# 6 3"+7&%+= 6!))&7$;+!%%12 "'$(&@ .&503 

,+#!'1.+ "&?&%+$.+. 9'$(+ ' /&)'3= !?&)&0B 

'!()*"#*=# .&503 "#*)4+.+ ,+#*.+, /!"#&/&%%! 

!"7*,&'*$ " 3.&%B4&%+&. %!.&)* )*()$0*. A ,+-

#!'12 "&?&%+$2, !"!,&%%! ' "!"&0%+2, %*,7=0*-

&#"$ .%!5&"#'! /!2!5+2 !,7*"#&@, /!7%!"#B= 

"!'/*0*=:+2, /!'&)%3#12 %* !/)&0&7&%%1@ 38!7 

+7+ +%'&)#+)!'*%%12 ()+".1,,,'). 
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& ) 

  

% - 

 !".1  

1& #!2.1 3#452*&%/4.$ 3$/6*$.$%$4 !7$)#&84.!4 

«94.&» ! 4-$ )!*$%:4 24;4.!': 1,& – !2<$5.$4 !7$)#&-

84.!4; 1,) – )!*$%$4 24;4.!4 %$2=>$-$ #&7#'5&; 1,% – 

)!*$%$4 24;4.!4 245=>$-$ #&7#'5&; 1,- – )!*$%$4 24;4-

.!4 34#%$-$ #&7#'5&. 

?:/$ 3#$%454.$ !22/45$%&.!4 +$##4/'@!$..:< 

<&#&+*4#!2*!+ !7$)#&84.!' #!2.1,&. A$B""!@!4.* 

+$##4/'@!! % 2#45.4> >4856 2*#$+&>! 2$2*&%/'/ 

0,967, >4856 2*$/)@&>! – 0,934. A$B""!@!4.*: 

+$##4/'@!! % 24;4.!'< 2*&#C!< ! >/&5C!< )!*$% 

3#452*&%/4.: % *&)/.1. 

D&)/!@& 1 

E&%!2!>$2*= +$B""!@!4.*& +$##4/'@!! 

A$B""!@!4.* 
+$##4/'@!! 

F4856 
2*#$+&>! 

F4856 2*$/)@&>! 

8 )!* 0.9102 0.8638 

7 )!* 0.8026 0.7240 

2 )!* 0.0051 0.0044 

1 )!* 0.0050 0.0000 

A$##4/'@!' >4856 )!*$%:>! 24;4.!'>! 7&%!2!* 

$* 3$/$84.!' )!*$%:< 24;4.!G 5#6- $*.$2!*4/=.$ 

5#6-& ! !< #&7#'5.$2*!. 1&!)$/=C!G +$B""!@!4.* 

+$##4/'@!! .&)/H5&4*2' >4856 2$245.!>! 2*&#-

C!>! )!*$%:>! 24;4.!'>! #!2.2,%, 3#&+*!;42+! %24 

$)/&2*! !.%4#2.:4 2 +$B""!@!4.*$> +$##4/'@!! 

)/!7+!> + -1. 

 

& 

 

) 

 

% 

 !".2 

1& #!2.2 3#452*&%/4.: 7&%!2!>$2*= +$B""!@!4.-

*& +$##4/'@!! >4856 2*$/)@&>! % )!*$%$> 24;4.!! 

@!"#$%$-$ !7$)#&84.!' «94.&»: 2,& – 7&%!2!>$2*= 

+$B""!@!4.*& +$##4/'@!! >4856 2*$/)@&>! 1 ! 2 

)!*$%:< 24;4.!G; 2,) – *& 84 7&%!2!>$2*= 5/' 8 ! 2 

)!*$%:< 24;4.!G; 2,% – 5/' 8 ! 7 )!*$%:< 24;4.!G. 

I>4.=C4.!4 #&7#'5.$2*! )!*$%:< 24;4.!G 2.!-

8&4* +$B""!@!4.* +$##4/'@!! #!2.2,&. I5&/4..$2*= 

)!*$%:< 24;4.!G 5#6- $* 5#6-& *&+84 2.!8&4* 2$%-

3&54.!4 )!.&#.:< $)/&2*4G #!2.2,). 

A&;42*%$ %$22*&.$%/4..$-$ !7 )!*$%:< 24;4.!G 

3$/6*$.$%$-$ !7$)#&84.!' 7&%!2!* % 34#%6H $;4-

#45= $* *$;.$2*! %$22*&.$%/4.!' 2*&#C!< )!*$%:< 

24;4.!G, >/&5C!4 (1-3 #&7#'5&) )!*$%:4 24;4.!' 

>$8.$ 5&84 .4 %$22*&.&%/!%&*=, ;*$ 7&>4*.$ 2$+#&-

*!* %:;!2/!*4/=.:4 7&*#&*: ! .47.&;!*4/=.$ 

6<65C!* +&;42*%$ %$22*&.$%/4.!'. 

J$ %#4>' 54+$5!#$%&.!' 2 @4/=H 3$%:C4.!' 

+&;42*%& %$22*&.$%/4..$-$ !7$)#&84.!' !."$#>&-

@!H $ >/&5C!< #&7#'5&< >$8.$ %$22*&.$%!*= 7& 

2;4* &33#$+2!>&@!! '#+$2*.:< 2$2*&%/'HK!< !7$-

)#&84.!' [4]. 

 !"#$%& '&(&)!* $ +!),-!(&'.!/ 0#12"#)#$%/ ! 

'","!(&'.!/ 3$&")%/ 3!45#$%/ !6#75,8&)!*/ 

A$##4/'@!$..:4 <&#&+*4#!2*!+! >4856 )!*$%:>! 

24;4.!'>! .4 65&4*2' $3!2&*= 3#$2*4GC!>! /!.4G-

.:>! 6#&%.4.!'>!, 3$B*$>6 2*&*!2*!;42+!4 2%'7! 

5$%$/=.$ 2/$8.$ 3#$-.$7!#$%&*= ! !23$/=7$%&*= 3#! 

28&*!! 3$/6*$.$%:< !7$)#&84.!G [3]. ?$/44 34#-

234+*!%.:> %:-/'5!* %&#!&.* !23$/=7$%&.!' +$##4-

/'@!$..:< 2%'74G >4856 )!*$%:>! 24;4.!'>! % %!-

54$!7$)#&84.!'< ! @%4*.:< !7$)#&84.!'<. 
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 !""#$%&'!(()# *+"+,-#"'.-',' /!$0-!(!1)* 

&'2"!1)* 1'3#!'4!5"+6#('7 

 !"#$!%$&'()#*!# +'#",-(./0#- ,$&$1 2#'#-

"345!1,0 , $+'#"#/#**$1 ,6$'$,-74 *(&$' ,-(-

-!2#,6!8 !%$&'()#*!1 (6("'$.). 9$:-$;3 . .!-

"#$!%$&'()#*!08 ;$)*$ .<"#/!-7 +'$,-'(*,--

.#**<# 6$''#/0=!$**<# ,.0%!, *!2#; *# $-/!-

2(45!#,0 $- ,.0%#1 . ,-(-!2#,6!8 !%$&'()#*!08 

'!,.1, ! .'#;#**<# 6$''#/0=!$**<# ,.0%!, $+'#-

"#/045!# &$/7>!# 6$:??!=!#*-< 6$;+'#,,!! 

+'! ,)(-!!. 

 

 

( 

 

& 

 

. 

 

@ 

 !".3 

 ! "#$.3 %"&'$(!)*&+, -.""&*/0#.++,& 1!"!-(&-

"#$(#-# '#+!2#3&$-#1 #4.5"!6&+#7: 3,! – (#%.).7 

-!'" #$$*&'8&2.7 )#'&.%.$*&'.)!(&*9+.$(#; 3,5 – 

4!)#$#2.$(9 -.:;;#0#&+(! -.""&*/0## 2&6'8 -!'-

"!2# %.*8(.+.).<. )#'&.#4.5"!6&+#/; 3,) – 4!)#$#-

2.$(9 -.:;;#0#&+(! -.""&*/0## 2&6'8 5#(.),2# 

$&3&+#/2# (8, 7, 1 $&3&+#/) -!'".) )#'&.#4.5"!6&+#/ 

%"# %&").2 .%."+.2 -!'"&; 3,< – 4!)#$#2.$(9 -.:;-

;#0#&+(! -.""&*/0## 2&6'8 5#(.),2# $&3&+#/2# (8, 

7, 1 $&3&+#/) -!'".) )#'&.#4.5"!6&+#/ %"# $.$&'+&2 

.%."+.2 -!'"&. 

 ! "#$.3,! %"&'$(!)*&+ (#%.).7 -!'" #$$*&'8&2.7 

)#'&.%.$*&'.)!(&*9+.$(# '*#(&*9+.$(9= 100 -!'".). 

>,5"!++!/ )#'&.%.$*&'.)!(&*9+.$(9 $.3&(!*! -"8%-

+,& .5?&-(, # '.).*9+. 5,$("8= $?&2-8 ('#+!2#-8 

$2&+, -!'"!). @$$*&'.)!*#$9 ')& -.""&*/0#.++,& 

4!)#$#2.$(#: $)/49 (&-8A&<. -!'"! $ %&"),2 

("#$.3,5,)) # $)/49 (&-8A&<. -!'"! $ $.$&'+#2 -!'".2 

("#$.3,5,<). B!++,& 4!)#$#2.$(# 2.<8( #$%.*94.)!(9$/ 

'*/ ),5."! 3!$(.(, $*&'.)!+#/ .%."+,1 -!'".) ) 

)#'&.#4.5"!6&+##. 

C.""&*/0#.++,& 1!"!-(&"#$(#-# #$$*&'.)!*#$9 

+&%.$"&'$()&++. ) %.*8(.+.).2 #4.5"!6&+## 

("#$.3,5) # ) 5#(.),1 $&3&+#/1 -!'".) "#$.3,),<. D 

8'!*&+#&2 .( .%."+.<. -!'"! $(&%&+9 -.""&*/0## ) 

$(!"E#1 5#(.),1 $&3&+#/1 .$*!5&)!&( +&$-.*9-. 

2&+9E&, 3&2 ) 0&*.2 %.*8(.+.).2, .$+.)+.& $.)%!-

'&+#& +!5*='!&($/ +! +!3!*9+,1 -!'"!1. F$.5&++. 

$#*9+,& -.""&*/0#.++,& $)/4# %".$2!("#)!=($/ 

2&6'8 $.$&'+#2# -!'"!2#, ) -.(.",1 -.""&*/0#/ ) 

$(!"E#1 $&3&+#/1 %.)(."/&( 4!)#$#2.$(9 -.:;;#0#-

&+(! -.""&*/0## ) %.*8(.+.).2 )#'&.#4.5"!6&+##, 

+&4+!3#(&*9+. 82&+9E!/$9 %. !5$.*=(+.7 )&*#3#+& 

$ 82&+9E&+#&2 +.2&"! "!4"/'! $&3&+#/ ("#$.3,5, <). 

 !""#$%&'!(()# *+"+,-#"'.-',' &/#-()* 

&'0"!/)* '1!2"+3#('4 

G)&( ) 0)&(+.2 0#;".).2 #4.5"!6&+## %&"&'!&($/ 

-.25#+!0#&7 ("&1 0)&(.),1 $.$(!)*/=A#1. @4)&$(+. 

+&$-.*9-. 0)&(.),1 -.."'#+!(+,1 $#$(&2, +!#5.*&& 

#4)&$(+.7 # 3!$(. 8%.("&5*/&2.7 ) ),3#$*#(&*9+.7 
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*12.!+1 '%/'1*3' 3!3*14& RGB, .&5#!41#, "$#4&* bmp 

"&6/$%. 7 8*$4 3/9:&1 .& +&;<9= 3$3*&%/'=>9= ?%1*& 

%@<1/'1*3' $<!.&+$%$1 :!3/$ )!* – 5$ %$314A, *.1. +&;-

<9= ?%1*$%9= 3$3*&%/'=>9= % $*<1/A.$3*! 4$;.$ 3:!-

*&*A 5$/9*$.$%@4 !B$)#&;1.!14. C$##1/'?!$..@1 2&-

#&+*1#!3*!+! ?%1*$%$6 +$45$.1.*@ 5$2$;! .& +$##1/'-

?!$..@1 2&#&+*1#!3*!+! 5$/9*$.$%@2 !B$)#&;1.!6. 

D$;.$ #&)$*&*A ! % <#9-!2 +$$#<!.&*.@2 3!3*14&2, 

$<.&+$, .&5#!41#, 51#1%$< !B 3!3*14@ RGB % XYZ *#1-

)91* 5$3/1<9=>16 #&)$*@ 3 :!3/&4! 3 5/&%&=>16 *$:-

+$6, *&+;1 5$3/1 $)#&)$*+! .1$)2$<!4$ )9<1* </' )$/A-

E!.3*%& -#&"!:13+!2 #1<&+*$#$% 3.$%& 51#1%$<!*A 

!B$)#&;1.!1 % 3!3*149 RGB. 

 
& 

 
) 

 
% 

 
- 

 !".4 

F& #!3.4 5#1<3*&%/1.@ +$##1/'?!$..@1 2&#&+*1#!-

3*!+! 41;<9 3*$/)?$% ?%1*$%@2 3$3*&%/'=>!2 ?%1*.$-

-$ ?!"#$%$-$ !B$)#&;1.!': 4,& – !32$<.$1 ?%1*.$1 

!B$)#&;1.!1; 4,) – B&%!3!4$3*A +$8""!?!1.*& +$##1-

/'?!! 41;<9 R ! G ?%1*$%@4! +$45$.1.*&4!; 4,% – 

B&%!3!4$3*A +$8""!?!1.*& +$##1/'?!! 41;<9 R ! G 

?%1*$%@4! +$45$.1.*&4! % 8-2 )!*$%@2 31:1.!'2; 4,- – 

B&%!3!4$3*A +$8""!?!1.*& +$##1/'?!! 41;<9 R ! B 

?%1*$%@4! +$45$.1.*&4! % 5-2 )!*$%@2 31:1.!'2. 

7 JPEG +$<1#&2 ?%1*.$1 !B$)#&;1.!1 #&B)!%&1*3' 

.& '#+$3*.9= ! <%& ?%1*$#&B.$3*.@2 3!-.&/&. G14 

41.AE1 !."$#4&?!! 3$<1#;!*3' % ?%1*$#&B.$3*.@2 

3$3*&%/'=>!2 *14 /9:E1, *&+ +&+ $.! +$<!#9=*3' 3 

)$/AE!4! 5$*1#'4! 5$ 3#&%.1.!= 3 '#+$3*.@4 3!-.&-

/$4. D$;.$ $#-&.!B$%&*A +$<1# 5#$*!%$5$/$;.@4 $)-

#&B$4: %@)!#&*A +$$#<!.&*.9= 3!3*149 3 4&+3!4&/A-

.@4 3$%5&<1.!14 ?%1*$%@2 3$3*&%/'=>!2 – % 8*$4 

3/9:&1 +$<!#91*3' .1 $*/!:!1, +&+ % JPEG, & 3$%5&<1-

.!1 $)/&3*16 !B$)#&;1.!'. 7@)$# ?%1*$%$6 +$$#<!-

.&*.$6 3!3*14@ $5#1<1/'1*3' +$##1/'?!$..@4! 3%'-

B'4! 41;<9 ?%1*$%@4! 3$3*&%/'=>!4!. C$8""!?!1.-

*@ +$##1/'?!! ?%1*$%@2 3$3*&%/'=>!2 5$ 3*#$+&4 ! 

3*$/)?&4 ?%1*.$-$ !B$)#&;1.!' #!3.4,& )/!B+! 1<!.!-

?1 #!3.4,). 

C$##1/'?!' 41;<9 3*&#E!4! )!*$%@4! 31:1.!'4! 

?%1*$%@2 3$3*&%/'=>!2 5#&+*!:13+! 3$%5&<&1* 3 +$#-

#1/'?!16 41;<9 3&4!4! ?%1*$%@4! 3$3*&%/'=>!4! 

#!3.4,),%. ,*&*!3*!:13+!1 3%'B! 41;<9 <#9-!4! )!*$-

%@4! 31:1.!'4! ?%1*$%@2 3$3*&%/'=>!2 3!-.&/& B&-

%!3'* $* !B$)#&;1.!' ! 4$-9* 3$$*%1*3*%$%&*A B&%!3!-

4$3*'4 +&+ .& #!3.4,%, *&+ ! .& #!3.4,-. 

 !"#$"%&'() #(*+!(,"'+) 

C$##1/'?!$..@1 3%'B!, .&)/=<&14@1 41;<9 )!-

*$%@4! 31:1.!'4!, 4$;.$ !35$/AB$%&*A </' 3$+#&-

>1.!' +$<!#914@2 <&..@2, .&5#!41#, 3 5$4$>A= 

5#$3*16E1-$ &<&5*!%.$-$ 5#1<3+&B&.!'. F&!)$/11 

8""1+*!%.@4 % <&..$4 3/9:&1 '%/'1*3' 5#$?133 +$-

<!#$%&.!', 9:!*@%&=>!6 3$%5&<1.!1 5#$3*#&.3*%1.-

.@2 $)/&3*16, % +&:13*%1 +$*$#$-$ 4$;.$ 5#!%13*! 

$<!. !B 3&4@2 3$%#141..@2 35$3$)$% 3;&*!' – "#&+-

*&/A.@6 &/-$#!*4 3;&*!'. 

,9>13*%9=>!1 &.&/$-! [2] 5#$!B%$<'* $)#&)$*+9 

5$/9*$.$%$-$ !/! ?%1*.$-$ !B$)#&;1.!', #&)$*&' 3 

'#+$3*.@4! !/! ?%1*$%@4! 3$3*&%/'=>!4! !B$)#&-

;1.!'. H&B/$;1.!1 .& )!*$%@1 31:1.!' 5$B%$/'1* 

#&)$*&*A 3 )!.&#.@4! 3!-.&/&4!, B.&:!*1/A.$ 95#$-

>&' 3#&%.1.!1 $)/&3*16. 

 !"#$"%&'() #(*+!(,"'+) *+'"-+.)/#+0 

1(%2$('(,30 +4(5!"6)'+7 

C$##1/'?!$..@1 B&%!3!4$3*! 41;<9 )!*$%@4! 

31:1.!'4! 3$31<.!2 +&<#$% #!3.3,%,- 5$B%$/'=* 

35#$1+*!#$%&*A <$%$/A.$ 5#$3*$6 &/-$#!*4 "#&+-

*&/A.$-$ +$<!#$%&.!': %!<1$!B$)#&;1.!1 #&B)!%&-

1*3' .& -#955@, % $3.$%1 +$*$#@2 /1;!* $5$#.@6 

+&<# ! 5$3/1<$%&*1/A.$3*A +$<!#914@2 +&<#$%, 5$ 

&.&/$-!! 3 I ! P +&<#&4! % 3*&.<&#*1 MPEG2; )!*$-

%@1 31:1.!' $5$#.$-$ +&<#& #&B)!%&=*3' .& <$-
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 !""#! $%&'()*; (!+!"*, -$.*/0! $1$ -'./' /'2%*-

3'4)(, "' /'"1$3#! $%&'()*; /'"1$3#! $%&'()* %*-

)$3$1$ (!+!"*, -$.*/04)(, 5$ .$ !""#  %&$-'  

($$)3!)()3046!1$ %*)$3$1$ (!+!"*, ().!. 3$(7 $8 5$ 

3$(7 $ 0, (!.7 $8 5$ (!.7 $ 0 * )...) $5$/"$1$ 

-'./' ( *(5$&72$3'"*!  3#%/'""#9 5/!$%/'2$3'-

"*8; *":$/ ';*, $ 5/!$%/'2$3'"*,9 ($9/'",!)(, 3 

/!20&7)*/046!  :'8&!. 

< .'""$8 /'%$)! .$ !""#! * /'"1$3#! %&$-* (.&, 

5/$()$)# $%/'%$)-*) 3#%*/'&*(7 3 3*.! -3'./')"#9 

$%&'()!8, -$&*+!()3$ 5/!$%/'2$3'"*8 %#&$  *"*-

 '&7"# : 5/, $8 5!/!"$( (  '(=)'%*/$3'"*!  * 

*"3!/("#8 5!/!"$( (  '(=)'%*/$3'"*! , ).-. %$&!! 

70% %&$-$3 5!/!.'!)(, ( 5$ $674 >)*9 5/!$%/'2$-

3'"*8. ?&, 0 !"7=!"*, 3/! !"* -$.*/$3'"*, * 03!-

&*+!"*, (0  '/"$1$ -$>::*;*!")' -$ 5/!((** $5$/-

"#8 -'./ (@* '&(, ( 5$ $674 3()/$!""$1$ 3 

CorelDraw11 5&'1*"' jpeg2000. A!20&7)*/046*8 :'8& 

.$5$&"*)!&7"$ (@* '&(, '/9*3')$/$  ZIP. 

B(9$."#8 '&1$/*)  :/'-)'&7"$1$ (@')*, 5$&0-

)$"$3$1$ *2$%/'@!"*, [2] 5/!.0( ')/*3'!) 5/* 

 '-(* '&7"$  -$>::*;*!")! (@')*, 5$&"#8 5!/!-

%$/ 5$.9$.,6*9 .$ !""#9 %&$-$3, "'+*"', ( &!3$-

1$ 3!/9"!1$ 01&'. ?&, 0(-$/!"*, 3/! !"* -$.*/$3'-

"*,, 5$*(- 5$.9$.,6!1$ .$ !"' "'+*"'&(, ( -$$/-

.*"')  !()$5$&$@!"*, /'"1$3$1$ %&$-', *":$/ '-

;*, 2'5*(#3'&'(7 3 3*.! 3!-)$/' ( !6!"*,. C(&* 3 

)!-06!  $-"! $%/'%$)-* 5$.9$.,6!1$ .$ !"' 5$ 

2'.'""$ 0 5$/$10 ($$)3!)()3*, "! "'9$.*&$(7, -$-

.*/$3'"*! 5/$3$.*&$(7 5$ ()'".'/)"$8 (9! ! ( 

3$2 $@"#  0 !"7=!"*!  /'2 !/' /'"1$3$1$ %&$-'. 

D$.*/0! ', 3*.!$5$(&!.$3')!&7"$()7 *2 50 

-'./$3 /'2%*3'&'(7 "' 1/055# 5$ 15 -'./$3 ( $.-

"*  $5$/"#  -'./$ , /'2 !/ -'./$3 ($()'3&,& 256 

"' 256 5*-(!&!8. E'/' !)/# '&1$/*) ': /'2 !/ 

.$ !"' 16 "' 16 5*-(!&!8, 5$/$1 ($$)3!)()3*, ($-

()'3&,& 0,95. 

B((&!.$3'"*, '&1$/*) ' 5$-'2'&*, +)$ 3/! , 

-$.*/$3'"*,, "'+*"', ( 3$(7 $1$ * .$ 5,)$1$ %*)$-

3#9 (!+!"*8, -'@.$1$ 5$(&!.046!1$ (!+!"*, 03!-

&*+*3'!)(, 3.3$!. F'- -'-  &'.=*! %*)$3#! (!+!-

"*, ($.!/@')  !"7=04 .$&4 *":$/ ';** $ 3$(-

()'"'3&*3'! $  -'./!, )$ *9  $@"$ *(-&4+')7 *2 

-$.*/$3'"*,. E/* ( !"! -'./' *2$%/'@!"*! 5$&0-

+'!) "!-$)$/#8 (.3*1 $)"$(*)!&7"$ 5/!.#.06!1$, 

-$)$/#8 5$3)$/,!)(, 3$ 3(!9 %*)$3#9 (!+!"*,9. 

G)$ 5/*3$.*) - 5$,3&!"*4 5$9$@*9 $%&'()!8 3 2'-

-$.*/$3'""#9 %*)$3#9 (!+!"*,9. F'-*  $%/'2$ , 

3$ 3/! , .!-$.*/$3'"*, +'()7 *":$/ ';**  &'.-

=*9 /'2/,.$3  $@!) %#)7 3$(()'"$3&!"' 2' (+!) 

()'/=*9. A!20&7)')# -$.*/$3'"*, 5/*3!.!"# 3 

)'%&.2. 
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ii xx
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logPSNR

1

2

2

10

1

10
^

m
*  (1) 

F'%&*;' 2 

A!20&7)')# -$.*/$3'"*, 5$&0)$"$3$8  

3*.!$5$(&!.$3')!&7"$()* 

D$&*+!()3$ -$.*-
/0! #9 (!+!"*8 

PSNR, .H 
D$>::*;*!") 
(@')*,, /'2 

2 15.76 / 17.93 19.14 

3 20.70 / 22.17 9.27 

4 23.58 / 24.03 - 

 

<$ 3)$/$8 -$&$"-! )'%&. 2 (&!3' 5/*3!.!"$ 

(/!."!! 5*-$3$! $)"$=!"*! (/=, /'((+*)'""$! 5$ 

:$/ 0&! (1) ( m=255, 5/* 3$(()'"$3&!"** )$&7-$ 

()'/=*9 %*)$3#9 (!+!"*8, (5/'3' – 5/* 3$(()'-

"$3&!"** 3(!1$ -'./' 5$ *":$/ ';** ()'/=*9 

%*)$3#9 (!+!"*8. <$ 3)$/$8 -$&$"-! 5/*3!.!" 

-$>::*;*!") (@')*, $)"$(*)!&7"$ 5$(&!.$3'-

)!&7"$()* bmp -'./$3. A'2&*+"#! * 50&7("#! 

5$ !9* * %&$+"#! ()/0-)0/# 5/* 3$(()'"$3&!"** 

-'./$3  $10) %#)7 ("*@!"# 2' (+!) :*&7)/';** * 

*")!/5$&,;**. 

<#%$/ -$&*+!()3' -$.*/0! #9 (!+!"*8 2'3*(*) 

$) 5/$50(-"$8 (5$($%"$()* -'"'&' (3,2* *  $@!) 

05/'3&,)7(,: 5/* 5!/!1/02-! -'"'&' (3,2* * 5!/!-

5$&"!"** %0:!/' .'""#9 0()/$8()3$ 05/'3&!"*, 

3#.'!) (*1"'& "' -$.!/ $% 0 !"7=!"** +*(&' -$-

.*/0! #9 (!+!"*8; 5/* 3$(()'"$3&!"** /'%$)# 

-'"'&', -$&*+!()3$ -$.*/0! #9 (!+!"*8 03!&*+*-

3'!)(,. E/* )'-$  (5$($%! $% !"' *":$/ ';** 

0.'&!""#8 5$&72$3')!&7 3(! 3/! , %0.!) 5$&0-

+')7 3*.!$*2$%/'@!"*! %!2 2' !)"#9 3/! !""#9 

2'.!/@!-. 

 !"#$"%&'() #(*+!(,"'+) -,)$'./ 

+0(1!"2)'+3 

D$.*/$3'"*! ;*:/$3$1$ ;3!)"$1$ *2$%/'@!"*, 

5/$3$.*)(, 5$ (&!.046!8 (9! !: 5$ -$//!&,;*-

$""#  9'/'-)!/*()*-'  ;3!)$3#9 ($()'3&,46*9 

3#%*/'!)(, $5$/"#8 ;3!), * !46*8 "'*%$&7=*! 

-$>::*;*!")# -$//!&,;** ( .30 , ./01* *; %*-

)$3#! (!+!"*, $5$/"$1$ ;3!)' /'2%*3'4)(, "' 

.$ !""#! %&$-*, ' -$.*/0! #9 ;3!)$3 – "' /'"1$-

3#! %&$-*. A'"1$3#! $%&'()* %*)$3$1$ (!+!"*, 

-$.*/04)(, 5$ .$ !""#  %&$-'  ($$)3!)()304-

6!1$ %*)$3$1$ (!+!"*, ().!. 3$(7 $8 5$ 3$(7 $ 0, 

(!.7 $8 5$ (!.7 $ 0 * )...) $5$/"$1$ ;3!)' ( *(-

5$&72$3'"*!  3#%/'""#9 5/!$%/'2$3'"*8; *"-

:$/ ';*, $ 5/!$%/'2$3'"*,9 ($9/'",!)(, 3 /!-

20&7)*/046!  :'8&!. 

?&, 5/$()$)# $%/'%$)-* $%&'()* ,3&,&*(7 

-3'./')' *, 3 -'+!()3! 5/!$%/'2$3'"*8 *(5$&7-

2$3'&(, 5'/'&&!&7"#8 5!/!"$( (  '(=)'%*/$3'-

"*!  * *"3!/(*!8. I5$/"#8 ;3!) -$.*/$3'&(, ( 

5$ $674 3()/$!""$1$ 3 CorelDraw11 5&'1*"' 

jpeg2000. J'8& /!20&7)')' .$5$&"*)!&7"$ (@*-

 '&(, '/9*3')$/$  ZIP. 

< -'+!()3! )!()*/0! $1$ %#&$ 3#%/'"$ ;3!)"$! 

*2$%/'@!"*! &!(' /*(.4,'. D'/)*"-' ($.!/@*) 

%$&7=$! -$&*+!()3$  !&-*9 .!)'&!8. B((&!.$3'-
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*(. "./0+1%#%$, 2$&#/#+$, 3%$ *#(!$+.. 455.&%(,-

*67 8,+8.%98 (92$+1/$,#*(. 2#"#7.%"$, &$:("$-

,#*(8: "#/7." :$7.*# 16 *# 16 2(&9.+.;, 2$"$) 9$-

$%,.%9%,(8 0,95. < %#!+.3 2".:9%#,+.*6 "./0+1%#%6 

&$:("$,#*(8 (/$!"#=.*(8 "(9.4,#. >."$; &#3.9%,# 

,$99%#*$,+.*(8 (/$!"#=.*(8 !6+# ,6!"#*# ,.+(-

3(*# 2(&$,$)$ $%*$?.*(8 9()*#+/?07, "#993(%#**#8 

2$ 5$"70+. (1) 9 m=16777215 (2
24

-1). 

@#!+(A# 3 

B./0+1%#%6 &$:("$,#*(8 A,.%*$)$ (/$!"#=.*(8 

PSNR, :C/9=#%(., "#/ D$+(3.9%,$ 
9.3.*(; 0,90 0,95 

1 
2 
3 
4 

110.13 / 22.061 
111.92 / 15.682 
115.66 / 9.7815 
116.59 / 5.9114 

110.19 / 20.107 
112.31 / 11.860 
116.49 / 7.2480 
117.78 / 4.425 

 

@#& &#& &$"".+8A($**6. E#"#&%."(9%(&( 7.=:0 

!(%$,67( 9.3.*(87( A,.%$,6E 9$9%#,+8FG(E ,$ 

7*$)$7 2$E$=(, 4%$ 2$/,$+8.% (92$+1/$,#%1 /#&$-

:("$,#**0F (*5$"7#A(F 9%#"?(E !(%$, :+8 ,$9-

9%#*$,+.*(8 7+#:?(E "#/"8:$, A,.%*$)$ (/$!"#-

=.*(8, 2$,6?#8 &#3.9%,$ ,$99%#*$,+.**$)$ (/$-

!"#=.*(8 ("./0+1%#%6 :+8 2$"$)# 0,95 2".:9%#,-

+.*6 , %#!+.4). 

H$2$+*(%.+1*#8 $!"#!$%&# 2$/,$+8.% 2$,69(%1 

,.+(3(*0 2(&$,$)$ $%*$?.*(8 9/? *# 1-4 :C. H+8 

9"#,*.*(8 , %#!+.4 2"(,.:.*6 "./0+1%#%6 &$:("$-

,#*(8 ,9%"$.**6E , CorelDraw11 &$:."$, jpeg ( 

jpeg2000. '*(=.*(. ,.+(3(*6 2(&$,$)$ $%*$?.*(8 

9/? (2"( ,$99%#*$,+.*(( 3.%6".E "#/"8:$,) $!I-

89*8.%98 3#9%(3*67 (9&#=.*(.7 ( $%90%9%,(.7 

(*5$"7#A($**6E 9$9%#,+8FG(E , 7+#:?(E "#/-

"8:#E $2$"*$)$ A,.%#, 2$%."8**6E 2"( jpeg &$:(-

"$,#*((. 

@#!+(A# 4 

B./0+1%#%6 &$:("$,#*(8 A,.%*$)$ (/$!"#=.*(8 

D$+(3.9%,$ 
9.3.*(; 

PSNR, 
:C 

JPEG PSNR, 
:C/9=#%(., "#/ 

JPEG2000 
PSNR, 

:C/9=#%(., "#/ 

1 116.17 

2 116.23 
121.45 117.42 

3 118.48 

4 117.47 
26.94 23.14 

 

B#!$%# #+)$"(%7# !6+# 2"$,.".*# *# A,.%*6E 

(/$!"#=.*(8E [5], 2#"#7.%"6 #+)$"(%7#: "#/7." 

:$7.*# 16 *# 16, 2$"$) 9$$%,.%9%,(8 "#*)$,6E ( 

:$7.**6E $!+#9%.; 0,95, &$:("0F%98 %"( 9%#"?(E 

!(%$,6E 9.3.*(8, (92$+1/0.%98 ,$99%#*$,+.*(. , 

7+#:?(E "#/"8:#E (%#!+.5). 

J,.+(3.*(. &$+(3.9%,# $!"#!#%6,#.76E !(%$-

,6E 9.3.*(; :$ 3.%6".E *./*#3(%.+1*$ (:$ 1,5 

:C) 2$,69(% ,.+(3(*0 2(&$,$)$ $%*$?.*(8 9/?, *$ 

90G.9%,.**$ (2"(7."*$ 1,5 "#/#) 9*(/(% &$455(-

A(.*% 9=#%(8. 

@#!+(A# 5 

B./0+1%#%6 &$:("$,#*(8 A(5"$,6E A,.%*6E  

(/$!"#=.*(; 

D$+(3.9%,$ 
9.3.*(; 

PSNR, :C '=#%(., "#/ 

Airplane 119.02 6.53 

Baboon 117.73 3.86 

House 119.23 7.44 

Lenna 117.34 5.34 

 !"#$! 

 1. B#997$%".*6 &$"".+8A($**6. E#"#&%."(9%(&( 

7.=:0 !(%$,67( 9.3.*(87( A(5"$,6E (/$!"#=.*(;. 

D$455(A(.*%6 &$"".+8A(( , 9%#"?(E !(%$,6E 9.3.*(-

8E /*#3(%.+1*6, 4%$ 7$=*$ (92$+1/$,#%1 :+8 &$:("$,#-

*(8 A(5"$,6E (/$!"#=.*(;. 

 2. K# $9*$,#*(( &$"".+8A($**6E E#"#&%."(9%(& 

2".:+$=.* #+)$"(%7 5"#&%#+1*$)$ !(*#"*$)$ &$:("$-

,#*(8 A(5"$,6E ,(:.$(/$!"#=.*(;. L"( 2"(.7+.7$7 

&#3.9%,. ,$99%#*$,+.*(8 0:#.%98 9=#%1 ,(:.$2$9+.:$-

,#%.+1*$9%1 , 10-20 "#/ (, /#,(9(7$9%( $% %".!0.7$)$ 

&#3.9%,#) $%*$9(%.+1*$ (9E$:*$)$ "#/7."# bmp 5#;+$,. 

L".(70G.9%,$7 :#**$)$ 92$9$!# &$:("$,#*(8 8,+8.%98 

!(*#"*#8 $!"#!$%&# ( ,$/7$=*$9%1 ".)0+("$,#*(8 ,.-

+(3(*6 !(*#"*$)$ 2$%$&# *# ,6E$:. &$:."#. 

 3. D$"".+8A($**6. E#"#&%."(9%(&( 7.=:0 A,.%$-

,67( 9$9%#,+8FG(7( A,.%*$)$ A(5"$,$)$ (/$!"#=.*(8 

7$)0% :$9%()#%1 90%, %# =. &#"%(*# *#!+F:#.%98 7.=:0 

!(%$,67( 9.3.*(87( A,.%$,6E 9$9%#,+8FG(E. D$45-

5(A(.*% 9=#%(8 90G.9%,.**$ /#,(9(% $% :.%#+1*$9%( 

(/$!"#=.*(8, , "#!$%. &$455(A(.*% 9=#%(8 9$9%#,+8.% 

,.+(3(*0 4-7 "#/ 2"( 2(&$,$7 $%*$?.*(( 9()*#+/?07 

"#,*$7 2"(7."*$ 118 :C. L"( 2.".:#3. 2$ 9.%87 9,8/( 

9=#%(. 7$=*$ 2$,69(%1 , 0G."! &#3.9%,0, %.&. 2"( ,$9-

9%#*$,+.*(( (/$!"#=.*(8 )+#/ , 2.",0F $3.".:1 !0:.% 

#22"$&9(7("$,#%1 8"&$9%*0F 9$9%#,+8FG0F. 

%&'()*'+)*: 

 1. J. L"4%% M(5"$,#8 $!"#!$%&# (/$!"#=.*(; , 2&*., 

>.: – «>("», 1982. 

 2. J4+9%(: '. N"#&%#+6 ( ,.;,+.%6 :+8 9=#%(8 , :.;-

9%,((. – >.: @"(075, 2003. – 3209. 

 3. @"0!(* O.'., D#9#%&(* P.'. N"#&%#+1*$. 9=#%(. 2$+0-

%$*$,6E (/$!"#=.*(;. <9."$99(;9&#8 *#03*$-

%.E*(3.9&#8 &$*5.".*A(8 «K#0&#-2"$(/,$:9%,$-

%.E*$+$)(8-4&$+$)(8». '!$"*(& 7#%."(#+$,. @$7 2, 

NP<@, NL>@, D("$,: O/:-,$ <8%QJ., 2004)., 9.106-107. 

 4. @"0!(* O.'., D#9#%&(* P.'. >.%$:6 !$"1!6 9 +$=-

*67( &$*%0"#7( 9=#%$)$ A(5"$,$)$ 2$+0%$*$,$)$ 

(/$!"#=.*(8. <.9%*(& <8%9&$)$ *#03*$)$ A.*%"# 

<."E*..-<$+=9&$)$ $%:.+.*(8 P&#:.7(( %.E*$+$)(-

3.9&(E *#0& BN, '."(8: L"$!+.76 $!"#!$%&( (*5$"-

7#A((, <6209& 1(5)/2004, <8%9&(; *#03*6; A.*%, D(-

"$,, 2004 )., 9.50-55. 

 5.http://en.wikipedia.org/wiki/Standard_test_image. 


