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

1("$'! ' 2!.!1!3 ',""$!+,'4(+&) /&5%,'63 &2,7%!8(+&9. : 

,$4&1&( ,$ ;&%,0, *%&#(+)(#63 !4-,%&$#,' +! ,"+,'( 

"%(.+(0'!.%!$&1+,9 ,;&70&, *%(.4!-!(#69 *,.3,. <1&$6-

'!($ &"0!8(+&) )%0,"$& & 0,+$%!"$!, ! $!08( "$(*(+= 0,%-

%(4&%,'!++,"$& #(8.< .'<#) &2,7%!8(+&)#&.  (2<4=$!$6 

#,.(4&%,'!+&) *,0!26'!>$ 3,%,;<> 0,%%(4&%,'!++,"$= 

.!++,-, 0%&$(%&) " '&2<!4=+, ',"*%&+&#!(#6# 0!1("$',# 

&2,7%!8(+&9. 

 !" 621.397 

#$!%&%'%($)*++,- "(%./(%- $'/+"% "*0/1.)* )$11.*+$)2/++,3 

%4$5(*6/+%- 

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

 

 !"#"$%" 

,/$1.$2*3 ! 4$#$-$%!5.& 26)78+*!%.9: ;+2<8#*.9: 

$=8.$+ 48/&>* <#!%/8+&*8/3.9? &%*$?&*!@82+$8 !5?8-

#8.!8 +&@82*%& 2 <$?$A3> $<#848/8..9: &/-$#!*?$%. 

B.$-!8 #&5#&)$*@!+! 2!2*8? =!"#$%$C $)#&)$*+! !5$-

)#&18.!C @&2*$ $<!#&>*2' .& *&+ .&59%&8?98 $)78+*!%-

.98 (&/-$#!*?!@82+!8) ?8#9 +&@82*%& [1-6], +$*$#98 

4$/1.9 :$#$D$ 2$-/&2$%9%&*32' 2 #856/3*&*&?! 26)78+-

*!%.9: $=8.$+ 4/' D!#$+$-$ +/&22& !5$)#&18.!C, .8 

!?8' <#! ;*$? @8#82@6# 2/$1.9: %9@!2/8.!C. E#$?8 

*$-$, 18/&*8/3.$, @*$)9 ;*! ?8*#!+! !?8/! <#$2*6> &.&-

/!*!@82+6> "$#?6 ! !: ?$1.$ )9/$ )9 <#!?8.'*3 % +&-

@82*%8 +#!*8#!8% $<*!?&/3.$2*! <#! %9)$#8 <&#&?8*#$% 

2!2*8?9 $)#&)$*+! !5$)#&18.!C [7, 8]. 

F& 4&..9C ?$?8.* .&!)$/88 <$<6/'#.$C $)78+*!%.$C 

?8#$C 2/61!* <!+$%$8 $*.$D8.!8 2!-.&//D6? (G(,H), 

$<#848/'8?$8 <$ 2/846>A8C "$#?6/8 [9]: 
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-48 ix  ! iy  - 5.&@8.!' <!+28/8C !2:$4.$-$ ! %$22*&.$%-

/8..$-$ !5$)#&18.!C 2$$*%8*2*%8..$, & ,E( - 2#84.8+%&4-

#&*!@.&' $D!)+&. I8/!@!.& G(,H $)9@.$ !2<$/3568*2' 

4/' 2#&%.8.!' #&5/!@.9: &/-$#!*?$% $)#&)$*+!, .&<#!?8#, 

4/' 2#&%.8.!' <#$!5%$4!*8/3.$2*! #&5/!@.9: ?8*$4$% 

21&*!' !/! 4/' !56@8.!' %/!'.!' #&5.9: <&#&?8*#$% .& 

<#$!5%$4!*8/3.$2*3 *$-$ !/! !.$-$ &/-$#!*?& [10]. 

H!#$+$8 <#!?8.8.!8 ,E( ! G(,H % <#&+*!@82+!: 5&-

4&@&: $)62/$%/8.$ *8?, @*$ <$42@8* ;*!: :&#&+*8#!2*!+ 

?&*8?&*!@82+! <#$2* ! .8 *#8)68* )$/3D!: %9@!2/!*8/3-

.9: 5&*#&*. (4.&+$ .8$):$4!?$ $*?8*!*3 ! *$, @*$ %8/!@!-

.& G(,H .8 ?$18* % <$/.$C ?8#8 $*#&5!*3 %$548C2*%!8 

.& !5$)#&18.!8 #&5/!@.9: %!4$% <$?8: [11], *$ 82*3 <#! 

.&/!@!! % !5$)#&18.!! #&5.9: %!4$% D6?$% 88 5.&@8.!8 

?$18* $2*&%&*32' $4.!? ! *8? 18, :$*' +&@82*%$ !5$)#&-

18.!' <#! ;*$? ?$18* 26A82*%8..$ !5?8.'*32'. ,/84$%&-

*8/3.$, %8/!@!.& G(,H </$:$ 2$-/&268*2' 2 26)78+*!%-

.9?! +#!*8#!'?! +&@82*%&, $<#848/'8?9?! #8+$?8.4&=!-

8C ITU-R 500 [12], ! .8 '%/'8*2' 6.!%8#2&/3.$C. I28 ;*$ 

-$%$#!* $ *$?, @*$ <#! <$2*#$8.!! 2!2*8? =!"#$%$C $)#&-

)$*+! !5$)#&18.!C .8$):$4!?$ <$/35$%&*32' 4#6-!?! 

?8*#!+&?! $=8.+! +&@82*%& [13, 14]. 

I <$2/84.!8 -$49 %9<$/.8.$ ?.$182*%$ #&)$* <$ 

2$54&.!> )$/88 <#!8?/8?9: &/-$#!*?!@82+!: ?8# %!-

56&/3.$-$ +&@82*%& $)#&)&*9%&8?9: !5$)#&18.!C, +$-

*$#98 )9/! )9 )/!5+! + #856/3*&*&? 26)78+*!%.9: $=8-

.$+ [15]. G#84/&-&8*2' !2<$/35$%&.!8 6.!%8#2&/3.$-$ 

!.48+2& +&@82*%& (JKE), $<#848/'>A8-$ <$4$)!8 %$2-

2*&.$%/8..$-$ !5$)#&18.!' .8+$*$#$?6 $#!-!.&/6.  

J.!%8#2&/3.$2*3 4&..$-$ +#!*8#!' 5&+/>@&8*2' % 

*$?, @*$ $. $*#&1&8* .8 *$/3+$ .8+$*$#6> 2:$182*3 $)-

#&)$*&..$-$ !5$)#&18.!' <$ $*.$D8.!> + $#!-!.&/6, .$ 

! 4$/1.9? $)#&5$? 6@!*9%&8* #&5/!@.98 %!49 !2+&18-

.!C. I $*/!@!8 $* &/-$#!*?$%, <#84/$18..9: % #&)$*&: 

[16, 17], 4&..9C ?8*$4 .8 <#!%'5&. + 2<8=!"!+8 !5$-

)#&18.!' ! !2+&18.!'?, <#!26*2*%6>A!? % .8?. (. 

$2.$%9%&8*2' .& 2*&*!2*!@82+$? &.&/!58 $*48/3.9: 

)/$+$% %:$4.$-$ 2!-.&/& ! 4&/3.8CD8? 2#&%.8.!! <$-

/6@8..9: #856/3*&*$% 2$ 5.&@8.!'?! ;*&/$..$-$ !5$-

)#&18.!'. 

&'("#")"$%" *+, #)- .#$./"($01 2%3$4).! 

L&22?$*#!? 4%8 <$2/84$%&*8/3.$2*! }{ ix  ! 
}{ iy , -48 Ni ,...,2,1 , 2$$*%8*2*%6>A!8 2*&=!$.&#-

.$?6 *82*$%$?6 2!-.&/6 ! 8-$ $#!-!.&/6. M$-4& 6.!-

%8#2&/3.9C !.48+2 +&@82*%& )648* $<#848/'*32' 

+$?)!.&=!8C 2*&*!2*!@82+!: :&#&+*8#!2*!+ 2$$*-

%8*2*%6>A!: <$2/84$%&*8/3.$2*8C <$ 2/846>A8C 

"$#?6/8 [18]: 
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M&+!? $)#&5$?, <$/6@&8*2', @*$ 5.&@8.!8 JKE !5?8-

.'8*2' % !.*8#%&/8 ]1,1[" , <#! ;*$? JKE = 1 2$$*%8*2*-

%68* .&!/6@D8?6 +&@82*%6 2!-.&/&. N*$ %$5?$1.$ *$/3-

+$ *$-4&, +$-4& ii xy   ),...,2,1( Ni  . B!.!?&/3.$8 

5.&@8.!8 JKE = 1"  4$2*!-&8*2' % 2/6@&8, 82/! 

ii xxy " 2 , -48 Ni ,...,2,1 . 
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(<#848/8..9C *&+!? $)#&5$? !.48+2 +&@82*%& 6@!*9-

%&8* % 28)8 *#! !2+&1&>A!: "&+*$#&: 2*8<8.3 +$##8/!-

#$%&..$2*! $*@8*$% 4%6: 2!-.&/$%, !5?8.8.!8 5.&@8.!C 

?&*8?&*!@82+$-$ $1!4&.!' ! 2#84.8+%&4#&*!@.9: $*+/$-

.8.!C 2!-.&/& $*.$2!*8/3.$ $#!-!.&/&. M&+$8 <#842*&%-

/8.!8 <$5%$/'8* .&!)$/88 *$@.$ $=8.!%&*3 +&@82*%$ 

%$22*&.$%/8..$-$ 2!-.&/& ! %8/!@!.6 !2+&18.!C, <#!26*-

2*%6>A!: % .8?. I #856/3*&*8 (1) ?$18* )9*3 <#842*&%-

/8.$ % %!48 <#$!5%848.!' *#8: ?.$1!*8/8C: 
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G8#%9C ?.$1!*8/3 - +$;""!=!8.* %5&!?.$C +$##8-

/'=!! 2!-.&/$% x  ! y , $<#848/'>A!C 2*8<8.3 !: /!-

.8C.$C <$4$).$2*!, <#!.!?&8* 5.&@8.!' % !.*8#%&/8 

]1,1[" , 8-$ ?&+2!?&/3.$8 5.&@8.!8 4$2*!-&8*2' % 2/6-

@&8, 82/! baxy ii # , -48 0&a , 0&b . I*$#$C ?.$-

1!*8/3 $<#848/'8* 2$$*.$D8.!8 ?8146 ?&*8?&*!@8-

2+!?! $1!4&.!'?! %:$4.$-$ ! %$22*&.$%/8..$-$ 2!-.&-

/$% ! <#!.!?&8* 5.&@8.!' % !.*8#%&/8 ]1,0[ , <#! ;*$? 

?&+2!?6? 4$2*!-&8*2' % 2/6@&8 !: #&%8.2*%&. O2/! 2!--

.&/$? '%/'8*2' !5$)#&18.!8, ;*$* +$;""!=!8.* $*%8-

@&8* 5& !5?8.8.!' 8-$ '#+$2*!. P.&@8.!' 2#84.8+%&4#&-

*!@.9: $*+/$.8.!C x$  ! y$  $<#848/'>* 4!.&?!@8-

2+!C 4!&<&5$. !5?8.8.!' 2!-.&/$% x  ! y  2$$*%8*2*-

%8..$, %2/842*%!8 @8-$ $.! ?$-6* #&22?&*#!%&*32' +&+ 

:&#&+*8#!2*!+! +$.*#&2*&, 82/! 2!-.&/$? '%/'8*2' !5$-

)#&18.!8. M&+!? $)#&5$?, *#8*!C ?.$1!*8/3 % %9#&18-

.!! (2) 2$$*%8*2*%68* !2+&18.!> +$.*#&2*.$2*! %$22*&-

.$%/8..$-$ 2!-.&/& $*.$2!*8/3.$ $#!-!.&/& ! <#!.!-

?&8* 5.&@8.!' % !.*8#%&/8 ]1,0[ . 

G#84/$18..9C !.48+2 +&@82*%& $)/&4&8* :$#$D8C 

2$-/&2$%&..$2*3> 2$ 5.&@8.!'?! 26)78+*!%.9: $=8.$+ 

! !?88* &)2$/>*.$8 5.&@8.!8, #&%.$8 84!.!=8. 

5(%/"$"$%" *+, #)- .6"$7% 748"29!4 %:.;(4<"$%= 

K5$)#&18.!8 '%/'8*2' 4%6?8#.9? .82*&=!$.&#.9? 

<#$=822$? ! <#'?$8 !2<$/35$%&.!8 "$#?6/ (1,2) 4/' 

%9@!2/8.!' JKE % 4&..$? 2/6@&8 .8#&=!$.&/3.$. Q/' 

#8D8.!' ;*$C <#$)/8?9 <#84/&-&8*2' %948/'*3 % !5$-

)#&18.!! /$+&/3.98 $)/&2*! #&5?8#$? BA' , % <#848-

/&: +$*$#9: 2!-.&/ ?$1.$ 2@!*&*3 2*&=!$.&#.9? ! %9-

@!2/'*3 2*&*!2*!@82+!8 :&#&+*8#!2*!+! %.6*#! ;*!: $)-

/&2*8C, & 5&*8? 2 !: !2<$/35$%&.!8? %9@!2/'*3 5.&@8.!8 

i !" , 2$$*%8*2*%6>A88 %948/8..$?6 )/$+6. M&+$C 

<$4:$4 $)82<8@!%&8* .&!)$/88 <#&%!/3.$8 ! *$@.$8 26-

148.!8 $ +&@82*%8 %$22*&.$%/8..$-$ !5$)#&18.!'. 

I #856/3*&*8, <#$=822 .&:$148.!' JKE 4/' +$.+#8*-

.$-$ !5$)#&18.!' )648* 2%$4!*32' + 2/846>A8?6: 

«2+$/35'A88 $+.$» #&5?8#$? BA' , .&@!.&' !5 %8#:-

.8-$ /8%$-$ 6-/&, <#$:$4!* <!+28/3 5& <!+28/8? <$ %28? 

2*#$+&? ! 2*$/)=&? ;*$-$ !5$)#&18.!', <#! ;*$? .& 

+&14$? D&-8 %9@!2/'8*2' 5.&@8.!8 2*&*!2*!@82+!: :&-

#&+*8#!2*!+ ! 2$)2*%8..$ 2&? i !"  4/' *8+6A8-$ <$-

/$18.!' $+.&. ()A!C JKE, :&#&+*8#!56>A!C +&@82*%$ 

!5$)#&18.!' % =8/$?, )648* $<#848/'*32' +&+ 2#84.88 

&#!"?8*!@82+$8 5.&@8.!C @&2*.9: i !" : 

!
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-48 M - @!2/$ )/$+$%, %.6*#! +$*$#9: %9@!2/'/2' 

JKE. M&+$C <$4:$4 + .&:$148.!> @!2/8..9: $=8.$+ 

+&@82*%& $2$)8..$ :$#$D 4/' !5$)#&18.!C, !?8>A!: 

)/$@.6> 2*#6+*6#6. E&+ !5%82*.$, $4.!? !5 *&+!: *!-

<$% !5$)#&18.!C '%/'8*2' "$#?&* JPEG, $2.$%&..9C 

.& <#!?8.8.!! 4!2+#8*.$-$ +$2!.62.$-$ <#8$)#&5$-

%&.!' (QEG) $*48/3.9: )/$+$% #&5?8#$? 88'  <!+-

28/8C. I #856/3*&*8 ;*$-$ 4/' $=8.+! +&@82*%&, .&-

<#!?8# JPEG-!5$)#&18.!C, %$5?$1.$ !2<$/35$%&.!8 

JKE 2 #&5?8#$? «2+$/35'A8-$ $+.&» !48.*!@.$-$ 

#&5?8#6 )/$+$% QEG. 

G#$!//>2*#!#68? <#!?8.8.!8 <#84/$18..$-$ 

<$4:$4& + $=8.+8 +&@82*%& .& .8+$*$#9: 5&4&@&: 

=!"#$%$C $)#&)$*+! !5$)#&18.!C. 

&6"$74 748"29!4 %:.;(4<"$%= '(% (4!"$29!" 5&>? 

G#$%848? 2#&%.!*8/3.9C &.&/!5 5.&@8.!C JKE 2 

#&%.9?! 5.&@8.!'?! G(,H 4/' #'4& !5$)#&18.!C, 

<$4%8#18..9: #&5/!@.9? !2+&1&>A!? "&+*$#&?. F& 

#!2. 1 <#842*&%/8.9 !5$)#&18.!' 2 #&5/!@.9?! %!4&?! 

!2+&18.!C, <#! ;*$? %8/!@!.& G(,H 4/' %28: 2/6@&8% 

<#!)/!5!*8/3.$ $4!.&+$%& ! 2$2*&%/'8* 23.4 4R. N*$ 

-$%$#!* $ *$?, @*$ 2 *$@+! 5#8.!' 4&..$C ?8*#!+! !5$-

)#&18.!' 2@!*&>*2' %!56&/3.$ #&%.$=8..9?!. M&+!? 

$)#&5$?, <$/6@&8*2', @*$, .&<#!?8#, +&@82*%$ !5$)#&-

18.!' 2 '%.$ %9#&18..$C )/$@.$C 2*#6+*6#$C, $)62/$%-

/8..$C %92$+!? +$;""!=!8.*$? 21&*!' JPEG-+$48#& 

(#!2. 18), '%/'8*2' *&+!? 18, +&+ 4/' !5$)#&18.!' 2 %!-

4$!5?8.8..$C -!2*$-#&??$C (#!2. 1)), :$*' $@8%!4.$, 

@*$ +&@82*%$ <$2/84.8-$ !5$)#&18.!' 26A82*%8..$ %9-

D8. O2/! 18 264!*3 $ +&@82*%8 !5$)#&18.!C 2 *$@+! 

5#8.!' <#84/$18..$-$ JKE, *$ %!4.$, @*$ !5$)#&18.!8 

2 )/$@.$C 2*#6+*6#$C !?88* )$/88 .!5+$8 +&@82*%$, @8? 

!5$)#&18.!8 2 *#&.2"$#?!#$%&..$C -!2*$-#&??$C. Q/' 

4#6-!: !5$)#&18.!C #!2. 1 <$+&5&.!' JKE *&+18 2$$*-

%8*2*%6>* 26)78+*!%.$?6 %$2<#!'*!>. 

&6"$74 -(7.29$01 %274<"$%= 

E&+ )9/$ $*?8@8.$ #&.88, % .8+$*$#9: 2/6@&': 

$)#&)$*+! !5$)#&18.!C %$5.!+&>* *&+!8 2!*6&=!!, 

+$-4& <$+&5&.!' G(,H ! ,E( 2$%8#D8..$ .8 2$$*-

%8*2*%6>* 26)78+*!%.$?6 %$2<#!'*!>, .&<#!?8#, <#! 

%!4$!5?8.8.!! -!2*$-#&??, -&??&-+$##8+=!! ! 4#6-!: 

$<8#&=!': !5?8.8.!' '#+$2*!. G#! /!.8&#!5&=!! -!2-

*$-#&??9 !5$)#&18.!' 8-$ +&@82*%$ %!56&/3.$ 4$/1-

.$ 6/6@D&*32' )/&-$4&#' <$%9D8.!> +$.*#&2*& ! 

6?8.3D&*32' <#! 8-$ $2/&)/8.!!. (4.&+$ .& <#&+*!+8 

<#! @!2/8..$C $=8.+8 *&+!: !5$)#&18.!C 2 <$?$A3> 

2*&.4&#*.9: ?8*#!+ +&@82*%& G(,H ! ,E( 4/' .8+$-

*$#9: !5$)#&18.!C %$5.!+&>* <#$*!%$#8@!%98 #8-

56/3*&*9, *$ 82*3 !5$)#&18.!8 2 .!5+!? +$.*#&2*$? 

$=8.!%&8*2' +&+ !5$)#&18.!8 2 )$/88 %92$+!? +&@8-

2*%$?. M!<!@.9C <#!?8# *&+$C 2!*6&=!! <#842*&%/8. 

.& #!2. 2. G#! $=8.+8 <#84/$18..9: !5$)#&18.!C 2 

<$?$A3> JKE <$/6@8..98 #856/3*&*9 % )$/3D8C 

2*8<8.! 2$$*%8*2*%6>* 26)78+*!%.$C $=8.+8 ! .8 <#$-

*!%$#8@&* 26148.!> $ <#8%$2:$42*%8 +&@82*%& %92$-

+$+$.*#&2*.9: !5$)#&18.!C .&4 !5$)#&18.!'?! 2 

.!5+!? +$.*#&2*$?. 
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&) JKE = 1,0 )) JKE = 0,89; G(,H = 23,4 4R 

  

%) JKE = 0,78; G(,H = 23,4 4R -) JKE = 0,67; G(,H = 23,4 4R 

  

4) JKE = 0,43; G(,H = 23,4 4R 8) JKE = 0,39; G(,H = 23,4 4R 

 &". 1. ?/(+0! 0!1("$'! &2,7%!8(+&9 *, 2+!1(+&> @AB 7x7 *%& %!'(+"$'( C?DE:!) ,%&-&+!4; 7) '&.,-

&2#(+(+&( -&"$,-%!##6; ') ,7%!7,$0! F:G; -) '4&)+&( &#*<4="+,-, ;<#!; .) '4&)+&(  

«7(4,-, ;<#!»; () JPEG-0,.&%,'!+&( " '6",0&# 0,H55&/&(+$,# "8!$&) 
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&) JKE 7x7 = 0,80; G(,H = 18,5 4R )) JKE 7x7 = 0,71; G(,H = 19,9 4R 

 &". 2. ?/(+0! 0!1("$'! &2,7%!8(+&9 " $%!+"5,%#!/&(9 -&"$,-%!##: !) 4&+(!%&2!/&) -&"$,-%!##6; 

7) <"(1(+&( -&"$,-%!##6 

G#!?8.8.!8 JKE $2$)8..$ %&1.$ <#! -&??&-+$##8+=!! 

!5$)#&18.!C. N*$ 2%'5&.$ 2 *8?, @*$ % )$/3D!.2*%8 *&+!: 

2/6@&8% $)A&' '#+$2*3 !5$)#&18.!' /!)$ %$5#&2*&8*, /!)$ 

6?8.3D&8*2', % #856/3*&*8 ;*$-$ <$+&5&.!' ,E( <#!.!?&>* 

4$2*&*$@.$ )$/3D!8 5.&@8.!' (<$#'4+& 10000) ! <#!%$4'* + 

26A82*%8..$?6 6?8.3D8.!> G(,H (?8.88 10 4R), @*$ 2%!-

48*8/32*%68* $) $@8.3 </$:$? +&@82*%8 !5$)#&18.!C. , *$@+! 

5#8.!' G(,H *&+!8 #856/3*&*9 2$$*%8*2*%6>* 5.&@!*8/3-

.9? !2+&18.!'? (.&<#!?8#, <#!26*2*%!> 60% !?<6/32.$-$ 

D6?& 2 <#$!5%$/3.9?! 5.&@8.!'?! %9)#$2$%) % !5$)#&18.!! 

! 2$$*%8*2*%8..$ 6+&59%&>* .& $*26*2*%!8 % .8? +&+$C-/!)$ 

<$/85.$C !."$#?&=!!. (4.&+$ .& 2&?$? 48/8 % 2/6@&8 -&?-

?&-+$##8+=!! *$/3+$ <#! 4$2*&*$@.$ ?&/9: 5.&@8.!': 

2.0()  <#$!2:$4!* 5.&@!?&' <$*8#' !."$#?&=!!, 2$48#-

1&A8C2' % !5$)#&18.!!, % $2*&/3.9: 2/6@&': $)A88 <#84-

2*&%/8.!8 $) !5$)#&18.!! 2$:#&.'8*2', ! -$%$#!*3 $) $*26*-

2*%!! % .8? <$/85.$C !."$#?&=!! .8/35'. F&<#!?8#, !2:$4' 

!5 <$+&5&.!C G(,H (#!2. 3), ?$1.$ 2+&5&*3, @*$ !5$)#&18.!8, 

5&D6?/8..$8 !?<6/32.9? D6?$?, $)/&4&8* )$/88 %92$+!? 

+&@82*%$?, @8? !5$)#&18.!8 <$2/8 -&??&-+$##8+=!!. N*$ 

-$%$#!* $ *$?, @*$ -&??&-+$##8+=!' %.$2!* !2+&18.!', 2$!5-

?8#!?98 2 48C2*%!8? !?<6/32.$-$ D6?&, @*$ % 2%$> $@8#843 

<#$*!%$#8@!* 48C2*%!*8/3.$2*!, *&+ +&+ <$.'*.$, @*$ +&@82*%$ 

<8#%$-$ !5$)#&18.!' #!2. 3& .&?.$-$ %9D8 %*$#$-$ - #!2. 3). 

G$+&5&.!' JKE .&!)$/88 <#&%!/3.$ :&#&+*8#!56>* +&@82*%$ 

<#842*&%/8..9: !5$)#&18.!C ! 2$$*%8*2*%6>* %!56&/3.$?6 

%$2<#!'*!> @8/$%8+& % )$/3D8C 2*8<8.!. 

F& #!2. 4. <#842*&%/8.9 -#&"!+! 5&%!2!?$2*! +&@82*%& 

!5$)#&18.!' «LENA» $* 5.&@8.!' <$+&5&*8/' ) . K5 .!: 2/8-

468*, @*$ % #856/3*&*8 -&??&-+$##8+=!! 4&18 <#! .8)$/3D!: 

5.&@8.!': 7.0~) , <#! !2<$/35$%&.!! ?8*#!+! G(,H, 

+&@82*%$ !5$)#&18.!' 26A82*%8..$ 6:64D&8*2' (G(,H < 19 

4R), :$*' !5$)#&18.!8 <#! ;*$? %!56&/3.$ <#&+*!@82+! .8 

$*/!@&8*2' $* $#!-!.&/&. 

 

  

&) JKE 7x7 = 0,62; G(,H = 10,86 4R  ) !"# 7x7 = 0,05; $%&' = 11,50 () 

 &". 3. A2,7%!8(+&) " #!46# 2+!1(+&(# C?DE: !) -!##!-0,%%(0/&) &2,7%!8(+&) 40.0() ;  

7) &2,7%!8(+&( " 60% &#*<4="+6# ;<#,# ", "4<1!9+6#& 2+!1(+&)#& &#*<4=",' 
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 &". 4. :4&)+&( *,0!2!$(4) )  +! 0!1("$', &2,7%!8(+&): !) *, ;0!4( C?DE; 7) *, ;0!4( @AB 

 
&6"$74 748"29!4 %:.;(4<"$%= ! 2)A84" /"#%4$$.= 

B%)C9(46%% 

Q/' <$4&%/8.!' !?<6/32.9: <$?8: .&!)$/88 @&2*$ 

<#!?8.'>*2' #&5/!@.98 *!<9 ?84!&..9: "!/3*#$% ! !: 

?$4!"!+&=!!, <#! ;*$? 4/' 2#&%.8.!' ;""8+*!%.$2*! 

#&)$*9 *$-$ !/! !.$-$ &/-$#!*?& $)9@.$ <$/356>*2' 

2*&.4&#*.9?! ?8*#!+&?! +&@82*%& *!<& G(,H. (=8.!? 

+&@82*%$ !5$)#&18.!C, $)#&)$*&..9: #&5/!@.9?! *!<&?! 

?84!&..9: "!/3*#$%, 2 <$?$A3> JKE ! 2#&%.!? <$/6@8.-

.98 #856/3*&*9 2 <$+&5&.!'?! G(,H. I +&@82*%8 *82*!-

#68?9: &/-$#!*?$% )648? !2<$/35$%&*3 2/846>A!8 ?84!-

&..98 "!/3*#9: <#$2*$C (BS), &4&<*!%.9C (TBS), %5%8-

D8..9C (IBS) ! &4&<*!%.9C <8#8+/>@&>A!C2' (TGBS) 

[19]. I&1.$ $*?8*!*3 *$, @*$ +&@82*%$ !5$)#&18.!' % 4&.-

.$? 2/6@&8 )648* 5&%!28*3 $* 4%6: "&+*$#$%: %8/!@!.9 

!?<6/32.$C <$?8:! % !5$)#&18.!! ! !2+&18.!C, %.$2!?9: 

% #856/3*&*8 <#!?8.8.!' *$-$ !/! !.$-$ &/-$#!*?& "!/3*-

#&=!!. L856/3*&*9 $)#&)$*+! !5$)#&18.!C <#! #&5.$C 

2*8<8.! 5&D6?/8..$2*! <#842*&%/8.9 .& #!2. 5. O2/!, 

.&<#!?8#, 2@!*&*3, @*$ !5$)#&18.!' 2$ 5.&@8.!'?! G(,H 

)$/88 35 4R '%/'>*2' !5$)#&18.!'?! 2 %92$+!? +&@82*-

%$?, *$ !5 -#&"!+$% %!4.$, @*$ 4&18 <#! .&/!@!! .8)$/3-

D$-$ @!2/& 2/6@&C.9: %9)#$2$% (4$ 20%) 5.&@8.!8 G(,H 

-$%$#!* $ %92$+$? +&@82*%8 *$/3+$ *8: !5$)#&18.!C, +$*$-

#98 $)#&)$*&.9 &4&<*!%.9? <8#8+/>@&>A!?2' ?84!&.-

.9? "!/3*#$?. B$1.$ 2+&5&*3, @*$ %8/!@!.& G(,H 2/!D-

+$? @6%2*%!*8/3.& + !2+&18.!'?, %.$2!?9? !?<6/32.9?! 

<$?8:&?! (!?<6/32.9? D6?$?). 
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 !". 5. #$%&'( !)*+,(-%&!., *+,(+*/(&&01 2%3!(&&02! 4!56/,(2!: () 7* 8'(5% 9#:;; +) 7* 8'(5% <=> 7x7 

 

$&' '()*+,-*./0'' 123&'4' 567 &2-4'8 ()/9 4/:2(3./ )&*-

'(;*9'3 3*+,4* . 9'/)/-*02 <=1/ 20-60%, / . *(3/+,0>; (+=-

:/?; =120,<20'2 4/:2(3./ )&*'(;*9'3 %*+22 129+200*. @+/-

A*9/&? )*4/-/0'?1 567 (&'(. 5) BCC243'.0*(3, 3*A* '+' '0*A* 

/+A*&'31/ 129'/00*8 C'+,3&/D'' )&*(1/3&'./23(? 0/'%*+22 

*3:23+'.*. E/4 0/)&'12&, &/-0'D/ . BCC243'.0*(3' &/%*3> 

/9/)3'.0*A* 129'/00*A* C'+,3&/ ' .-.2<200*A* 129'/00*A* 

C'+,3&/ 9+? 40%-A* '1)=+,(0*A* <=1/ (*(3/.+?23 0,3 )* <4/-

+2 567 . )*+,-= )2&.*A* /+A*&'31/, / )* <4/+2 $FGH .(2A* 

+'<, 5 9@ (. )&*D2030*1 *30*<20'' B3* (=I2(3.200* 120,<2). 

J+? %*+,<28 (*A+/(*./00*(3' -0/:20'8 567 ( (=%K243'.-

0*8 B4()2&30*8 *D204*8 02*%;*9'1* .>%'&/3, &/-12& 1/(4' 

&/.0>8 77 )'4(2+28, 3/4 4/4 )&' B3*1 )*4/-/0'? 567 0/'-

%*+22 3*:0* (**3.23(3.=L3 .'-=/+,0*1= .*()&'?3'L '-*%&/-

M20'8 (&'(. 6). $&' '()*+,-*./0'' 9&=A'; &/-12&*. 1/(4' 

( 33  ' 55 ) )*+=:/23(?, 0/)&'12&, :3* 4/:2(3.* '-*%&/-



 

 

 
32 

M20'? ( 0/+':'21 50%-A* '1)=+,(0*A* <=1/ )*(+2 *%&/%*34' 

2A* /9/)3'.0>1 )2&24+L:/LI'1(? C'+,3&*1 *D20'./23(? 

4/4 (&29022, ;*3? '-*%&/M20'2 )&' B3*1 (+/%* *3+':/23(? *3 

*&'A'0/+/ ', (**3.23(3.200*, 9*+M0* *%+/9/3, .>(*4'1 4/-

:2(3.*1. " 9&=A'; (+=:/?;, 0/)&'12& )&' '()*+,-*./0'' 

.-.2<200*A* 129'/00*A* C'+,3&/, )*+=:/23(?, :3* )*4/-/0'? 

567 0/*%*&*3 -/.><20> ' (**3.23(3.=L3 '-*%&/M20'L (* 

(&290'1 4/:2(3.*1, ;*3? (=%K243'.0* 2A* 4/:2(3.* *D20'./-

23(? 4/4 0'-4*2 (&'(. 6A). 

-./$012'32 

$&29+*M20 =0'.2&(/+,0>8 '0924( 4/:2(3./ 9+? (&/.0'-

32+,0*A* /0/+'-/ (32)20' '(4/M20'8 . '-*%&/M20'?; )&' 

&/-+':0>; 3')/; <=1*.>; .*-928(3.'8 ' /+A*&'31/; C'+,3-

&/D''. 5(3/0*.+20*, :3* . &?92 (+=:/2. '()*+,-*./0'2 567 

)*-.*+?23 9'CC2&20D'&*./3, '-*%&/M20'?, *%+/9/LI'2 

*9'0/4*.>1 4/:2(3.*1, ( 3*:4' -&20'? (3/09/&30>; 123&'4 

3')/ $FGH ' G7F, )&' B3*1 )*4/-/0'? 567 9*(3/3*:0* ;*-

&*<* (*A+/(=L3(? ( .'-=/+,0>1 .*()&'?3'21 3/4'; '-*%&/-

M20'8. N3* *%=(+*.+20* 321, :3* /+A*&'31 .>:'(+20'? 567 

'1223 4*1%'0'&*./00=L (3&=43=&= ' =:'3>./23 &/-+':0>2 

.'9> '(4/M20'8, . 3*1 :'(+2 '(4/M20'? ?&4*(3' ' 4*03&/(3-

0*(3'. @+/A*9/&? 3/4*1= )*9;*9=, *D204/ 4/:2(3./ '-*%&/M2-

0'8 *(=I2(3.+?23(? 0/'%*+22 3*:0* ' *%K243'.0*. 

G '()*+,-*./0'21 )&29+*M200*A* '0924(/ 4/:2(3./ .*--

1*M0* )*(3&*20'2 0*.>; /+A*&'31*. *%&/%*34' '-*%&/M20'8 

' =(*.2&<20(3.*./0'2 (=I2(3.=LI';. "*-1*M0* 3/4M2 )*-

(3&*20'2 /9/)3'.0>; C'+,3&*. ' '()*+,-*./0'2 )*4/-/0'8 

567 . B.&'(3':2(4'; 123*9/; *%&/%*34' '-*%&/M20'8. 7&*12 

3*A*, *0 1*M23 %>3, '()*+,-*./0 4/4 *(0*./ 9+? )*(3&*20'? 

0*.>; ()*(*%*. (&/.020'? &/-+':0>; /+A*&'31*. *%&/%*34' 

02 3*+,4* '-*%&/M20'8, 0* ' 9&=A'; D'C&*.>; ('A0/+*., / 

3/4M2 )&'120?3,(? ( D2+,L 4*03&*+? 4/:2(3./ '-*%&/M20'8 ' 

.'92*'0C*&1/D''. 

O29*(3/34*1 123*9/ ?.+?23(? 3*, :3*, 4/4 ' . (+=:/2 .>-

:'(+20'? $FGH, 567 ?.+?23(? B3/+*00*8 12&*8 4/:2(3./, 3* 

2(3, 9+? 2A* 0/;*M920'? )*1'1* 32(3*.*A* '-*%&/M20'? 02-

*%;*9'1* '123, '-*%&/M20'2-*&'A'0/+. 

 

  

/) 567 3x3 = 0,81; 567 5x5 = 0,88; 

567 7x7 = 0,91; 

%) 567 3x3 = 0,63; 567 5x5 = 0,60; 

567 7x7 = 0,55; 

  
.) 567 3x3 = 0,42; 567 5x5 = 0,46; 

567 7x7 = 0,43; 

A) 567 3x3 = 0,41; 567 5x5 = 0,33; 

567 7x7 = 0,28; 

 !". 6. ?5!@&!% A0+*,( ,()2%,( 2("'! 35@ A0B!"5%&!@ <=> A "5CB(% 2%3!(&&*. 4!56/,($!!: () (3(7-

/!A&02 7%,%'5DB(DE!2"@ 4!56/,*2; +) (3(7/!A&02 4!56/,*2; A) '5(""!B%"'!2 2%3!(&&02 4!56/-

,*2; F) A)A%8%&&02 2%3!(&&02 4!56/,*2 
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