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!" #$%&'(')*" ()+,-.-/'0" '" 1-&23),')*" -45)6-7'$.8,-/-" 9#-&,:" 1-6(-:,,-"

1-&23$;(6:" (#)4-&$,':" <" 4)%-1$6,-6('" '" -6&)=-*.),,-6('" /#911" '" -(=).8,2+" .'7>"

1-?(-*9" %$=$@$" *-,'(-#',/$" ,$3.$" 6&-)" 1#'*),),')" &" #$%.'@,2+" 6A)#$+" =):().8,-6('"

@).-&)<$B" !95)6(&),,9;" #-.8" &" #)3),''" %$=$@'" *-,'(-#',/$" '/#$;(" 6'6()*2"

&'=)-,$4.;=),':B" C" ,$6(-:5))" &#)*:" -,'" 3'#-<-" '61-.8%9;(6:" &" 4$,<$+>" *9%):+>" ,$"

=-#-/$+>" " &" 6'6()*$+" <-**)#@)6<-0>" &-),,-0>" -45)6(&),,-0" 4)%-1$6,-6('>"

?.)<(#---4)61)@),''" '" =#9/'+" -4.$6(:+B" D-*'*-" ('1-&2+" A9,<7'0 - &2&-=$"

&'=)-'%-4#$E),':",$"*-,'(-#>"*,-/-1-(-@,-/-",$4.;=),':"'"%$1'6'",$"E)6(<'0"='6<"– &"

,$6(-:5))" &#)*:" 6'6()*2" *-,'(-#',/$" =-1-.,:;(6:" *-=9.:*'" ',()..)<(9$.8,-/-"

-4,$#9E),':"=&'E),':"'"6-1#-&-E=),':"7).'"FGHB

C" 6'6()*)" -4,$#9E),':" '" *-,'(-#',/$ =&'E95'+6:" -4I)<(-&" ,)*$.-&$E,-0"

6-6($&.:;5)0" :&.:)(6:" 9#-&),8" ',()..)<(9$.8,-6('B" J).8;" =$,,-0" #$4-(2" :&.:)(6:"

6-%=$,')"',()..)<(9$.8,-/-"$./-#'(*$>"6"1-*-58;"<-(-#-/-"*-E,-"'6<.;@'(8"A-,-&9;"

6-6($&.:;59;"'%-4#$E),':"'"(-@,-"-1#)=).'(8"-(,-6'().8,2)"<--#=',$(2"=&'E95)06:"

7).'B

K$" =$,,20" *-*),(" 9E)" #$%#$4-($,2" $./-#'(*2" '" 6'6()*2>" 1-%&-.:;5')" 961)3,-"
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#)3$(8" ?(9" %$=$@9B" C" =$,,-0" #$4-()" #$66*-(#),2" -45')" 1#-7)=9#2" #)3),':" %$=$@'"

-4,$#9E),':" 1-=&'E,2+" -4I)<(-&>" 6" $<7),(-*" ,$" *-=).'#-&$,')" A-,$O" #)3),$" %$=$@$

1#-/#$**,-0" #)$.'%$7''" ?('+" 1-=+-=-&" " 6#)=6(&$*'" L$(.$4B" P$<E)" &" #$*<$+" =$,,-0"

#$4-(2"1#-&)=),2"?<61)#'*),(2"6"#$%.'@,2*'" " &'=)-1-(-<$*'"'"1#)=6($&.),-"6#$&,),')"

?('+"*)(-=-&B"

P'1'@,2*'"1-=+-=$*'"<"-4,$#9E),';"=&'E),':":&.:;(6:"*)(-="&2=).),':"A-,$>"

*)(-="*)E<$=#-&-0"#$%,-6('"'"*)(-="-1('@)6<-/-"1-(-<$B

 

C.;@2/8012<$82D30,6E

C2@'6.),')" *)E<$=#-&-0" #$%,-6('" :&.:)(6:" #$61#-6(#$,Q,,2*" *)(-=-*"

1)#&'@,-/-" -4,$#9E),':" =&'E),':>" 1-6.)" &21-.,),':" <-(-#-/-" *-E,-" -1#)=).'(8>"

1#'69(6(&9)(".'"&"1-(-<)"<$=#-&"=&'E),')B

R./-#'(*" &2@'6.),':" *)E<$=#-&-0" #$%,-6('" &2/.:='(" 6.)=9;5'*" -4#$%-*S" ,$" &+-="

$./-#'(*$" 1-6(91$;(" =&$" &'=)-<$=#$>" 1#)=6($&.:;5')" 6-4-0" =&)" 1-6.)=-&$().8,-6('"

4$0(FTHB"D#-'%&-='(6:"&2@'6.),')"1-1'<6).8,2+"*)E<$=#-&2+"#$%,-6()0"1-"6.)=9;5)0"

6+)*)

d!(x, y) =  I!(x, y) - I!"#(x, y)

U$%,-6(8"6#$&,:)(6:"6"%$=$,,2*"1-#-/-*B"C"#)%9.8($()"6#$&,),':"A-#*'#9)(6:"=&-'@,$:"

*$6<$S

m!(x, y) =  $0,          d!(x, y) < %
1,  d!(x, y) < %&

/=) m!(x, y) - %,$@),')"V-/-"?.)*),($"*$6<'>"W"– 1-#-/"6#$&,),':>"',-/=$",$%2&$)*20"($<E)"

1-#-/-*"'.'"9#-&,)*"@9&6(&'().8,-6('B

 

C.60/$1FG46234<$H032

!95)6(&9)("*,-/-"$./-#'(*-&"*)(-=$"&2@'($,':"A-,$>",->"&"1#',7'1)>"1-@('"&6)"

6-6(-:(" '%" 1#-7)=9#>" <-(-#2)" 1#)=6($&.),2" ,$" U'6BGB" !$*2*'" /.$&,2*'" :&.:;(6:"

1#)=-4#$4-(<$>"*-=).'#-&$,')"A-,$>"-4,$#9E),')"=&'E),':"'"1-6(-4#$4-(<$B

P'1-&$:"6+)*$"#)$.'%$7''"*)(-=$"&2@'($,':"A-,$"1#)=6($&.),$ ,$"U'6BG



http://sntbul.bmstu.ru/doc/568760.html

U'6B GB"!+)*$"-4,$#9E),':"1-=&'E,2+"-4I)<(-&

1. D#)=-4#$4-(<$

X6,-&,-0" %$=$@)0" FYH" ,$" ?($1)" 1#)=-4#$4-(<'" #$6(#-&2+" =$,,2+" :&.:)(6:"

1-=/-(-&<$" '%-4#$E),'0" <" -4,$#9E),';" ,$" ,'+" =&'E95'+6:" -4I)<(-&B" D-?(-*9"

1#)=-4#$4-(<$"=-.E,$"6&-='(86:"<"&2=).),';",$"'%-4#$E),''"()+")/-"?.)*),(-&>"<-(-#2)"

1#)=1-.-E'().8,-" 1#',$=.)E$( =&'E95'*6:" -4I)<($*B" D-<$" ,$*" =-6($(-@,-" 6@'($(8"

=&'E95'*6:"-4I)<(-*" (->" @(-" @).-&)<" &-61#','*$)(>" <$<" =&'E95'06:" -4I)<(>",$4.;=$:"

/.$%-*" -='," <$=#" &'=)-1-(-<$" %$" =#9/'*B" Z$.))" *2" =$='*" 4-.))" (-@,9;"A-#*9.'#-&<9"

=&'E95)/-6:"-4I)<($"6"(-@<'"%#),':"=)()<(-#$"=&'E),':B"

1) [*),83),')"#$%*)#$"<$=#$

!$*2*" 1)#&2*"3$/-*" ,$" ?($1)" 1#)=-4#$4-(<'" #$6(#-&2+" =$,,2+" @$6(-" :&.:)(6:"

9*),83),')"#$%*)#$"<$=#$B"C21-.,),')"=$,,-0"-1)#$7''",$"6$*-*",$@$.8,-*"?($1)"=$Q("

=&$"&$E,2+"1#)'*95)6(&$S"

$\" !95)6(&),,-)" 6-<#$5),')" -4I)*$" ',A-#*$7''>" <-(-#9;" ,)-4+-='*-"

-4#$4$(2&$(8",$"<$E=-*"'%"1-6.)=9;5'+"?($1-&B"

4\"X6.$4.),')"$=='('&,-/-"'"'*19.86,-/-"39*-&",$"&+-=,2+"=$,,2+B"

],$@)" ?(-(" 3$/" *-E,-" ,$%&$(8" 1)#)+-=-*" <" 96#)=,Q,,2*" %,$@),':*" 1'<6).)0>"

1-6<-.8<9" %,$@),':" :#<-6('" '6+-=,-/-" 1'<6).:" %$*),:;(6:" 96#)=,Q,,2*'" %,$@),':*'"

:#<-6(8" =$,,-/-" 1'<6).:" '" )/-" 6-6)=)0BFGH" U)%9.8('#9;5'0" 1'<6).8" 49=)*" ,$%2&$(8"

*','*$.8,-0"%-,-0" ^*',%-,-0\"'6+-=,-/-"'%-4#$E),':B"Z.:"6.9@$:"96#)=,),':"@)(2#Q+"

1'<6).)0"&"-=,9"*',%-,9"1#)-4#$%-&$,')"%$1'3)(6:"($<S"

I!‘(x, y) =  
I!(2x, 2y) + I!(2x, 2y + 1) + I!(2x + 1,2y) + I!(2x + 1,2y + 1)

4
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/=)" I!‘(x, y)-:#<-6(8"*',%-,2"'%"_--0"6(#-<'"'"`-/-"6(-.47$>"=#9/')-%,$@),':":#<-6('"

1'<6).:B

2) D#)-4#$%-&$,')"A-#*$($"'%-4#$E),':

a#<-6(8" )6(8" +$#$<()#'6('<$" 1'<6).:>" <-(-#$:" @$5)" &6)/-" '61-.8%9)(6:" 1#'"

&2@'($,''"A-,$BFTH"D-?(-*9",)-4+-='*-"1)#)&-='(8"&'=)-#:="&"1-.9(-,-&-)"'%-4#$E),')"

A-#*$(>" &" <-(-#-*" &<.;@$)(6:" :#<-6(8B" K$" 1#'*)#>" A-#*$(" bcd>" &<-(-#-0" 7&)("

1#)=6($&.:)(6:"<$<"Y"<-*1-,),(2 - :#<-6(8"^Y\"'"=&)"7&)(-#$%,-6(,2+"^U '"V)

C" 6'6()*)" L$(.$4" *-E,-" <-,&)#('#-&$(8" &'=)-1-(-<" &" 1-6.)=-&$().8,-6(8"

1-.9(-,-&2+" '%-4#$E),'0" '.'" A-#*$(" befeg>" /=)" b" - <-*1-,),($" :#<-6('>" eh '"

CR :&.:;(6:"6',)0"'"<#$6,-0"7&)(-#$%,-6(,2*'"<-*1-,),($*'.

2. L)(-=2"*-=).'#-&$,':"A-,$

1) M'<6'#-&$,,20"A-,

$\"D)#&20"<$=#"<$<"A-,

i(-(" *)(-=" ,$'4-.))" 1#-6(B" R./-#'(*" 6-+#$,:)(" 1)#&20" <$=#"

&'=)-1-6.)=-&$().8,-6('>" $" 1-(-*" =.:" <$E=-/-" 6.)=9;5)/-" <$=#$" 1#'*),:)(" 1-#-/" <"

*-=9.;"#$%,-6('"()<95)/-"'"6-+#$,),,-/-"'%-4#$E),':"1-"<$E=-*9"1'<6).;B"

4\"[6#)=,),')

D)#&20"*)(-="#)=<-"'61-.8%9)(6:>"'%-%$"6(#-/-/-"(#)4-&$,':"<"-=,-#-=,-6('"A-,$>"

<-(-#-)"(#9=,-"&21-.,:)(6:B"K$1#'*)#>",$"3$66)"'.'"*$/'6(#$.'"#)=<-"42&$;("6'(9$7''>"

<-/=$" ,'<$<'+" 1-=&'E,2+" -4I)<(-&" ,)(B" C" ?(-*" 6.9@$)>" *-E,-" *-=).'#-&$(8" A-," 6"

,)4-.83'*" FjH" <-.'@)6(&-*" ^Yk-Gkk\" 1-6.)=-&$().8,2+" <$=#-&" &'=)-1-(-<$B" X=,'*" '%"

6$*2+"1#-6(2+"'"?AA)<('&,2+":&.:)(6:"*)(-="96#)=,),':B"L-=).8;"A-,$"49=)("6#)=,))"-("

1)#&2+"l"<$=#-&S

BG(x, y) =  
1

n
'(  I)(x, y)

*
)+#

2) X4,-&.),')"A-,$

Z.:"(-/->"@(-42"$./-#'(*"42."96(-0@'&"<"'%*),),';"A-,$"^,$1#'*)#>"-6&)5),':\>"

,)-4+-='*-"-4,-&.:(8"A-,"&"()@),''"&#)*),'",$"-6,-&)",$@$.8,-0"*-=).'"A-,$B

$\"D#'4.'EQ,,20"*)='$,,20"*)(-=

i(-(" *)(-=" -@),8" 1-+-E" ,$" *)(-=" 6#)=,)/-" %,$@),':B" Z.:" 1-=6@)($" *-=).' A-,$"

'61-.8%9)(6:"A-#*9.$S
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BG!(x, y) = ,BG!"#(x, y)  +   , )6.'I!(x, y)  < BG!"#(x, y)

BG!"#(x, y) - , )6.'I!(x, y) > BG!"#(x, y)

BG!"#(x, y),                          ',$@)

&
m=)68"n-%$=$,,-)"%,$@),')>"<-(-#-)",)"=-.E,-"42(8"-@),8"*$.),8<'*B

4\"L)(-="#)<9#6'&,-/-"6/.$E'&$,':B"

i(-("*)(-="1#)=1-.$/$)("1.$&,-)"'%*),),')"*-=).'"A-,$"6"<$E=2*"<$=#-*"19()*"

1#'*),),':" ,'%<-@$6(-(,-/-" A'.8(#$" #)<9#6'&,-/-" 6/.$E'&$,':B" U)$.'%$7':" *)(-=$"

1#)=1-.$/$)("o6*)3'&$,')p"()<95)/-"<$=#$"6"*-=).8;"A-,$"6"<-?AA'7'),(-*"q"^('1'@,-"

qr" kBksFsH\B"m$()* <" #$%,-6('" A-,$" '" <$=#$" 1#'*),:)(6:" 1-#-/-&20" A'.8(#B" L-E,-"

1#)=6($&'(86:"<$<"6.)=9;5'0S

BG!(x, y) =  (1- q)BG!"#(x, y) +  qI!"#(x, y),

L)(-=" -@),8" 1#-6(" &" #)$.'%$7''>" '" '*))(" &26-<9;" 1#-'%&-='().8,-6(8>" 1#'*),'*" &"

96.-&':+"1.$&,-/-"'%*),),':"-6&)5),':>"-=,$<-"-,",)"#)3$)("1#-4.)*9"=',$*'@)6<-/-"

%$=,)/-"1.$,$B

&\"L-='A'<$7':"*)(-=-&"$"'"4

D#'" 1#'*),),''" *)(-=-&" $" '" 4" &-%*-E,-" &-%,'<$(8" 1#-4.)*$" 6" 6.)=-*" '%-%$"

6*)3'&$,':"=&'E95'+6:" -4I)<(-&",$"A-,"1#'"-4,-&.),')"A-,$" FtHB"u(-42"'%4)E$(8" -("

?(-/->" *-E,-" 1#-6(-" -4,-&.:(8 (-" @$6(8>" &" <-(-#-0" ,)(" 7).'>" $" -6($&'(8" -6($.8,9;" ,)"

'%*),),,-0B"]61-.8%9)(6:"A-#*9.$S

BG!(x, y) = $-4,-&.:(8*)(-=-*$'.'4,    )6.'| BG!(x, y)- I!(x, y)| < v

BG!"#(x, y),   ',$@)
&

/=)v- 1-#-/"4',$#'%$7''

P$<'*"-4#$%-*>"*-E,-"9=$.'(8"-4I)<(2"1)#)=,)/-"1.$,$"&"*-=).8"A-,$B

I807825532<$8.2-4D2J4<$4$8.D:-E626F$50/.-4801234<

!" 7).8;" '66.)=-&$,':" 1#)=.-E),,2+" $./-#'(*-&" &21-.,),$" 1#-/#$**,$:"

#)$.'%$7':" 6'6()*2" &'=)-*-,'(-#',/$" " 6#)=6(&$*'" 6'6()*2" L$(.$4" Tkkw$B" " K$"

<-*18;()#)" 6" @$6(-(-0" TBTxx7" 42.'" 1#-&)=),2" -12(2" 6" " &'=)-#:=-*" 6 #$%#)3),')*"

<$=#-&"Tjk×320.

K$"#'6BT"1#)=6($&.),2"#)%9.8($(2"*-=).'#-&$,':"6'6()*2B"
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$\"Ykk-(20"<$=#" " " " " " 4\"A'<6'#-&$,,20"A-," " " &\"#$%,-6(8"T"<$=#-&

=\"#)<9#6'&,20"*)(-= )\"1#'4.'E),,20" E\"6).)<('&,-)"-4,-&.),')" " "

U'6B TB"U)%9.8($(2"*-=).'#-&$,':"

U)%9.8($(2"6#$&,),':"1#'&)=),2"&"($4.'7)"GB

;'OH)N'3

!#$&,),')"*)(-=-&"&2=).),':"A-,$

y26(#-=)06(&')^z{|\
P-@,-6(8"

-4,$#9E),':

K)@9&6(&'().8,-6

(8"<"'%*),),';"

M'<6'#-&$,,20"

A-,
30 3 1

L)E<$=#-&20"

#$%,-6(8
30 1 5

D#'4.'E),,20"

*)='$,,$:A'.8(#$7 25 4 4

!<-.8%:5'0"6#)=,)) 25 4 5

!).)<('&,20 12 5 4-5

C"#)%9.8($()"$,$.'%$"#)%9.8($(-&"?<61)#'*),(-&"*-E,-"6=).$(8"6.)=9;5')"&2&-=2

1) y26(#-=)06(&')S ,$'.9@3'*" 426(#-=)06(&')*" -4.$=$;(" *)(-=2"

A'<6'#-&$,,-/-"A-,$"'"*)E<$=#-&-0"#$%,-6('B" "D#'4.'E),,$:"*)='$,,$:"A'.8(#$7':"'"

*)(-="6<-.8%:5)/-"6#)=,)/-"(-E)"426(#2)>"*)(-="/$966-&2+"#$61#)=).),'0"'"6).)<('&,-)"

-4,-&.),')"- 6$*2)"*)=.),,2)B"

2) P-@,-6(8S *)(-=" 6).)<('&,-/-" -4,-&.),':" =$Q(" .9@3'0" #)%9.8($(>" $"

,$'+9=3'*'" *)(-=$*'" :&.:)(6:" *)(-=2" /$966-&-/-" #$61#)=).),'0" '" *)E<$=#-&-0"

#$%,-6('B"
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3) u9&6(&'().8,-6(8" <" &-%*95),':*B" X<$%$.-68>" @(-" &6)" $./-#'(*2"

@9&6(&'().8,2"<"39*9"'"'%*),),';"-6&)5),';>",-" " *)(-="*)E<$=#-&-0"#$%,-6('"'"*)(-="

#)<9#6'&,-/-"6/.$E'&$,':" " ,$'4-.))"96(-0@'&2"<" " ,'*B"

4) D-"',()/#$.8,-*9"<#'()#';>"&<.;@$;5)*9"&6)"(#'"1-<$%$().:"?AA)<('&,-6('>"

,$'.9@3'*'":&.:;(6:"1#'4.'E),,20"*)='$,,20"*)(-="

K2@-LG.34.

C" #$4-()" 42.'" '66.)=-&$,2" 1#-7)=9#2" -4,$#9E),':" =&'E95'+6:" -4I)<(-&"

*)(-=$*'"&2@'($,':"A-,$"'"-1#)=).),':"*)E<$=#-&-0"#$%,-6('B"

U$%#$4-($,-"$./-#'(*'@)6<-)"'"1#-/#$**,-)"-4)61)@),')"'"1#-=)*-,6(#'#-&$&3))"

?AA)<('&,9;"#$4-(9"&"96.-&':"-4#$4-(<'"#)$.8,2+"&'=)-1-6.)=-&$().8,-6()0B"

K$"-6,-&)"1#)=.-E),,2+"$./-#'(*-&"'"1#-/#$**,-/-"-4)61)@),':"*-E,-"6-%=$(8"

*,-/-A9,<7'-,$.8,9;" -+#$,,9;" 6'6()*9>" 61-6-4,9;" -4,$#9E'&$(8" -4I)<(2" ,$"

1-6.)=-&$().8,-6('"<$=#-&"^&"&'=)-1-(-<)\"'"-(6.)E'&$(8"&2=).),,2)"-4I)<(2"<$<"&,9(#'"

1-*)5),':>"($<"'",$"-(<#2(-*"1#-6(#$,6(&)B"

X(*)@),->"@(-" " 1-@('"&-"&6)+"'%-4#$E),':+"1#'69(6(&9;("(),'"-4I)<(-&">"1-?(-*9"&"

=$.8,)03)0" #$4-()" 49=)(" #$66*-(#),$" %$=$@$" 9=$.),':" (),'B" }#-*)" (-/->" 695)6(&9;("

&-%*-E,-6('" 1-" *-='A'<$7''" $./-#'(*-&" 1-6(-4#$4-(<'" 6" 7).8;" 9.9@3),':" A-#*2"

=&'E95'+6:"-4I)<(-&B"
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