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/)$&-!48/01 $#!>!/&' 6!#/)' 7).!"1/)$-& $ 7"&#!/!/&!# ",+&).)4/ $ %)")-%)' +4&/)' .)4/0 
($,/-&#!-").)() 7)"5+%,). ? /,$-)5>!! ."!#5 +45 .05.4!/&5 )$!+,/&' 7)+",=)-,//01 -!""&-)"&' 
&$7)486*!-$5 -!1/&%, &/-!"9!")#!-"&2!$%)() ,/,4&6, $7*-/&%).01 $@!#)%. ? +,//)' ",=)-! 7"!+-
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#$%&$'()$*+ ,*-,*./%0* ,12$34 ( $&5%&6*-/)34 7&'%/,/82&$(9, :,/-

73;<&$$/-6,*82*$'0*+ -*'%,/90* %&,,(%/,(9, $*<(=(& 7$/6/=('<&$$34 

/:/<-$&/:*'$34 7&'%, $*<(=(& ,*-</7$34 %&0%/$(=&'0(4 '%,10%1, ( ,+2* 

/%2&<>$34 6&/2($*7(=&'0(4 ( 6&/7/,5/</6(=&'0(4 5*0%/,/) 7/61% /0*-*%> 

$&6*%()$/& )<(+$(& $* '/'%/+$(& 6/,$/6/ 7*''()* ( -&7$/9 :/)&,4$/'%( [8]. 

?$%,/:/6&$$/& )<(+$(& $* $&2,* ( -&7$1@ :/)&,4$/'%> 7/8&% '/:,/)/8-

2*%>'+ 0*0 /.3=$37( :,/'&2*$(+7( -&7$/9 :/)&,4$/'%(, %*0 ( *$/7*<>$37( 

2&5/,7*A(+7( ( :,/+)<&$(+7( '&9'7(=&'0/9 *0%()$/'%(, =%/ 7/8&% )3-)*%> 

-$*=(%&<>$39 B0/$/7(=&'0(9 ( B0/</6(=&'0(9 1C&,., /'/.&$$/ ) ,*9/$*4 

:,/73;<&$$/-6,*82*$'0/9 -*'%,/&$$/9 %&,,(%/,((. D B%/9 ')+-( )/-$(0*&% 

$&/.4/2(7/'%> :,/)&2&$(+ 7/$(%/,($6* -* '/'%/+$(&7 :/)&,4$/'%( ( 6/,$/-

6/ 7*''()*. E* '&6/2$+;$(9 2&$> '1C&'%)1@% $&'0/<>0/ 7&%/2/) 7/$(%/-

,($6* 2<+ %/=$/6/ ( 2/'%/)&,$/6/ )3+)<&$(+ /'&2*$(9 -&7$/9 :/)&,4$/'%(. 

F,*2(A(/$$/ 2<+ )3:/<$&$(+ %*0/6/ ,/2* ,*./% (':/<>-1&%'+ )3'/0/-

%/=$/& $()&<(,/)*$(& ( GPS (-7&,&$(+. !*$$3& %&4$/</6(( 6&/2&-(=&'0(4 

(-7&,&$(9 :/-)/<+&% :,/)/2(%> $*.<@2&$(+ $* 7(<<(7&%,/)/7 1,/)$& %/=-

$/'%(. D :/'<&2$(& ),&7+ )'& ./<&& ;(,/0/& :,(7&$&$(& $*4/2(% 7&%/2 

2(55&,&$A(*<>$/9 ($%&,5&,/7&%,(( SAR [6], 0/%/,39 %*08& :/-)/<+&% )3-

+)<+%> :,/'&2*$(+ $* )3'/0/7 – 7(<<(7&%,/)/7 – 1,/)$& %/=$/'%(. F&4$/-

</6(+ 2(55&,&$A(*<>$/9 ($%&,5&,/7&%,(( SAR (':/<>-1&% 7&%/23 ,*2(/-

</0*A(/$$/9 'G&70( -&7$/9 :/)&,4$/'%( ' 0/'7(=&'0(4 ':1%$(0/), $* 0/%/-

,34 1'%*$/)<&$3 *$%&$$3 ' '($%&-(,/)*$$/9 *:&,%1,/9 (SAR) [1, 2]. H'$/)-

$/9 ($5/,7*A(&9, :/<1=*&7/9 ) ,&-1<>%*%& ,*2*,$/9 'G&70(, +)<+@%'+ ($-

%&$'()$/'%> ( 5*-* (),&7&$$*+ -*2&,80* '(6$*<*). I/)%/,$*+ ,*2*,$*+ 'G&7-

0* :/-)/<+&% /:,&2&<(%> ,*-$/'%> 5*-, /.1'</)<&$$1@, $*:,(7&,, '2)(8&$(-

&7 -&7$/9 :/)&,4$/'%( [5]. F*0(& '7&C&$(+ 7/61% .3%> /:,&2&<&$3 ) ,&-

-1<>%*%& /.,*./%0( ,*2*,$/9 'G&70( ' )3'/0/9 %/=$/'%>@. 
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I,&(71C&'%)/ %*0/6/ ':/'/.* -*0<@=*&%'+ ) %/7, =%/ 7/8$/ )&'%( $*-

.<@2&$(& -* )'&9 :</C*2>@ (''<&21&7/6/ 1=*'%0* (:</C*2>@ 2/ 3000 072), * 

$& -* 0/$0,&%$37( /.G&0%*7( (<( <($(+7(. J0/$/7(=&'0( 2*$$39 7&%/2 

%/8& B55&0%()&$, %*0 0*0 ('0<@=*&%'+ $&:/',&2'%)&$$/& 1=*'%(& =&</)&0* 

:,( )3:/<$&$(( 2/,/6/'%/+C(4 6&/2&-(=&'0(4 :/<&)34 ,*./%. I/<1=&$(& 

,*2*,$34 2*$$34 ' 0/'7(=&'0(4 ':1%$(0/) $& -*$(7*&% 7$/6/ ),&7&$( (7*0-

'(717 6 2$&9), =%/ ) ')/@ /=&,&2> :/-)/<+&% :/<1=*%> 0*,%($1 2&5/,7*A(9 

6/,*-2/ /:&,*%()$&& [3]. F*0 0*0 ':1%$(0 ),*C*&%'+ :/ :/)%/,+@C(7'+ /,-

.(%*7, :&,(/2 $*.<@2&$(9 7/8&% 0/<&.*%>'+ /% 11 2/ 45 2$&9, ) -*)('(7/'%( 

/% %(:* ':1%$(0*. 

D ,*70*4 E*A(/$*<>$/6/ /.,*-/)*%&<>$/6/ :,/&0%* (EH") I&,7'0(7 6/-

'12*,'%)&$$37 %&4$(=&'0(7 1$()&,'(%&%/7 (IKF ) .3< :,(/.,&%&$ '/),&-

7&$$39 :,/6,*77$39 0/7:<&0' GAMMA (5(,7* «GAMMA REMOTE 

SENSING AG», L)&9A*,(+) 2<+ /.,*./%0( 2*$$34 ,*2*,$/9 0/'7(=&'0/9 

'G&70(. M:&A(*<('%3 IKF  ) $*'%/+C&& ),&7+ :/<$/'%>@ /')/(<( $*)30( 

,*./%3 ' 2*$$37 0/7:<&0'/7. D 0*=&'%)& (''<&2/)*%&<>'0(4 :,/&0%/) .3<( 

/.,*./%*$3 ':1%$(0/)3& 2*$$3& :/ %&,,(%/,(( 6. N&,&-$(0(, * %*08& $* ?'%-

,*4*$'0/7 ( H,&$.1,6'0/7 6&/2($*7(=&'0(4 :/<(6/$*4. I/<1=&$$3& ,&-1<>-

%*%3 ')(2&%&<>'%)1@% / :/<$/9 ,*./%/':/'/.$/'%( 7&%/2*. 

 !"#$!%&'(%)! '!(*)")+,!$-! %&.-/$0# ().!/ (1. 2!"!3$-%-). D ,*70*4 

$*1=$/-(''<&2/)*%&<>'0/6/ :,/&0%* IKF  )3:/<$(< (''<&2/)*$(+ :/ /:,&2&-

<&$(@ )&,%(0*<>$34 '7&C&$(9 -&7$/9 :/)&,4$/'%( 6. N&,&-$(0( 2('%*$A(/$-

$37 7&%/2/7 ,*2*,$/9 ($%&,5&,/7&%,((. "*0 (-)&'%$/, ) 2007 6. ) ,&-1<>%*%& 

:,/,3)* )/23 .3< -*%/:<&$ ( :&,)39 ,12$(0 N"IO -1. D ')+-( ' ,*-,*./%0/9 

( :/'<&21@C(7 -*%/:<&$(&7 :&,)/6/ ,12$(0* ) $&0/%/,34 =*'%+4 6/,/2* -*-

5(0'(,/)*$3 '&,>&-$3& 2&5/,7*A(( -&7$/9 :/)&,4$/'%( (, '//%)&%'%)&$$/, 

:,/73;<&$$34 ( 8(<34 -2*$(9. D ')+-( ' B%(7 7/$(%/,($6 ,*-)()*@C(4'+ 

2&5/,7*A(9 %&,,(%/,(( 6/,/2* '%*< =,&-)3=*9$/ *0%1*<>$/9 -*2*=&9. 

D B%/7 :,/&0%& .3<( (':/<>-/)*$3 2*$$3& '/ ':1%$(0* ENVISAT, 

:,&2/'%*)<&$$3& P),/:&9'0(7 0/'7(=&'0(7 *6&$%'%)/7 ESA [4]. !*$$39 

':1%$(0 (7&&% ,*2*, ' '($%&-(,/)*$$/9 *:&,%1,/9 (SAR). M,&2$(& -$*=&$(+ 

2&5/,7*A(9 -&7$/9 :/)&,4$/'%( ( (4 ('%/,(+ ,*-)(%(+ +)<+<('> /'$/)$37 

($%&,5&,/7&%,(=&'0(7 ,&-1<>%*%/7. 

!<+ (''<&2/)*$(+ .3<* (':/<>-/)*$* '&,(+ :/)%/,$34 $*.<@2&$(9 '/ 

':1%$(0* ENVISAT. H.C&& 0/<(=&'%)/ 'A&$ '/'%*)(</ 28 ;%. H$( /4)*%3)*-

<( :&,(/2 ),&7&$( ' $*=*<* 2004 :/ 0/$&A 2008 6. D 0*=&'%)& 2/:/<$(%&<>$/9 

($5/,7*A(( 2<+ :/2%)&,82&$(+ :/<1=&$$34 ($%&,5&,/7&%,(=&'0(4 ,&-1<>-

%*%/) (':/<>-/)*<('> 2*$$3& $()&<(,/)*$(+, :,&2/'%*)<&$$3& H?H « ,*<-

0*<(9», * %*08& 2*$$3& GPS (-7&,&$(9 $* D&,4$&0*7'0/7 6</.*<>$/7 6&/-

2($*7(=&'0/7 :/<(6/$&, '/-2*$$/7 IKF . 

D ,&-1<>%*%& '</8$&9;&9 /.,*./%0( ( ($%&,:,&%*A(( ,*2*,$34 '$(7-

0/) .3<* :/<1=&$* 2&5/,7*A(/$$*+ 0*,%($* %&,,(%/,(( 6. N&,&-$(0(. !<+ 
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',*)$(%&<>$/6/ *$*<(-* :/<1=&$$34 ($%&,5&,/7&%,(=&'0(4 2*$$34 .3< )3-

.,*$ $&./<>;/9 1=*'%/0, 0/%/,39 /4)*%3)*< A&$%,*<>$1@ =*'%> 6/,/2*, 62& 

.3<( -*5(0'(,/)*$3 -$*=(%&<>$3& '7&C&$(+ -&7$/9 :/)&,4$/'%(. E* 2*$-

$/7 1=*'%0& )3:/<$+@%'+ &8&6/2$3& ($'%,17&$%*<>$3& $*.<@2&$(+ -* 

/'*20*7( '(<*7( 7*,0;&92&,'0/9 '<18.3 H?H « ,*<0*<(9». D3'/0/%/=$/& 

$()&<(,/)*$(& )3:/<$+&%'+ :/ :,/5(<>$37 <($(+7, 0/%/,3& :,&2'%*)<+@% 

'/./9 '&%> 6,1$%/)34 ,&:&,/) ( '%&$$34 7*,/0. D'&6/ 2<+ *$*<(-* .3</ )3-

.,*$/ =&%3,& :,/5(<>$3& <($((, <&8*C(& ) -/$& 2&5/,7*A(9. I/7(7/ B%/6/ 

$* 0*82/9 :,/5(<>$/9 <($(( .3</ /%7&=&$/ :/ /2$/71 ,&:&,1 2<+ (-1=&$(+ 

(4 ('%/,(( ,*-)(%(+ '7&C&$(9. I/</8&$(& :,/5(<>$34 <($(9 ( )3.,*$$34 

,&:&,/) :/0*-*$/ $* ,('. 1. Q2&'> 8& :/0*-*$ 5,*67&$% 0*,%3 2&5/,7*A(9 

-&7$/9 :/)&,4$/'%( 6. N&,&-$(0(. 

 

-40        -20           0    

+10 

 !"#$%&'()*! 

+,!-!)$. (,,//01) 

 

 

O('. 1. R,*67&$% 0*,%3 )&,%(0*<>$34 '7&C&$(9 -&7$/9 :/)&,4$/'%( 6. N&,&-$(0(, 

,*':/</8&$(& :,/5(<>$34 <($(9 $()&<(,/)*$(+ $* 1=*'%0& (''<&2/)*$(9 

( )3.,*$$34 2<+ *$*<(-* ,&:&,/) 
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"*0 )(2$/ $* ,('. 1, $* 1=*'%0& '5/,7(,/)*<('> 2)& 71<>23 /'&2*$(9, 

0/%/,3& (---* .<(-0/6/ ,*':/</8&$(+ '<(<('> ) /2$1 /.C1@ -/$1 2&5/,7*-

A(9. Q* =&%3,& 6/2* $*.<@2&$(9 7*0'(7*<>$3& /'&2*$(+ $* B%/9 %&,,(%/,(( 

2/'%(6<( -$*=&$(9 ) 20–25 '7. 

!<+ ',*)$&$(+ 2*$$34 $()&<(,/)*$(+ ( ,&-1<>%*%/) ($%&,5&,/7&%,(-

=&'0/6/ *$*<(-* :/ 0*82/9 :,/5(<>$/9 <($(( .3<( :/'%,/&$3 6,*5(0( )&,-

%(0*<>$34 '7&C&$(9 ($* ,('. 2 :,()&2&$ /2($ 6,*5(0 :/ :,/5(<>$/9 <($(( 

XXVII). O*''7*%,()*&739 :&,(/2 – =&%3,& 6/2*: ' (@$+ 2004 :/ (@<> 2008 6. 

# 0*0 )(2$/ $* 6,*5(0&, ($%&,5&,/7&%,(=&'0(& ,&-1<>%*%3 :,*0%(=&'0( :/<-

$/'%>@ '/):*2*@% ' ($'%,17&$%*<>$37(. 

O*''%/+$(& :/ :,/5(<>$/9 <($((, 7 

D,&7&$$/9 ($%&,)*<, 2&$>  

(2*%* $*=*<* /%'=&%* – 2004/06/19) 

& 
 

4 

O('. 2. D&,%(0*<>$3& '7&C&$(+ :/ :,/5(<>$/9 <($(( XXVII (&) ( ('%/,(+ ,*-)(%(+ 

2&5/,7*A(9 ,&:&,* 5 (4) -* :&,(/2 ' (@$+ 2004 :/ /0%+.,> 2008 6. 

M :/7/C>@ %/=&=$/6/ ($%&,5&,/7&%,(=&'0/6/ *$*<(-* .3<* %*08& :/-

<1=&$* ($5/,7*A(+ / %/7, 0*0 ,*-)()*<('> 2&5/,7*A(/$$3& :,/A&''3 ) 0*8-

2/9 %/=0& -* $*.<@2*&739 :&,(/2 ),&7&$(. E* ,('. 2, & :,()&2&$3 2*$$3& 

/ ,*-)(%(( '7&C&$(9 2<+ /2$/6/ (- ,&:&,/) ((4 7&'%/:/</8&$(& :,&2'%*)<&$/ 

$* ,('. 1). ?$*<(-(,1+ B%/% 6,*5(0 (,('. 2, 4), 7/8$/ '2&<*%> )3)/2, =%/ '7&-

C&$(+ ,&:&,/) (7&@% <($&9$1@ -*0/$/7&,$/'%> ' $&-$*=(%&<>$37( /%0</$&-

$(+7(, '//%)&%'%)&$$/ ( )&'> 1=*'%/0 ' 2004 :/ 0/$&A 2008 6. /'&2*< ,*)$/-

7&,$/ .&- (-7&$&$(+ '0/,/'%&9 2&5/,7*A(9, 2*8& :/'<& :/<$/6/ -*%/:<&$(+ 

,12$(0* ) 2007 6. E&-$*=(%&<>$3& ,*'4/82&$(+ ($%&,5&,/7&%,(=&'0(4 ,&-

-1<>%*%/) ' 2*$$37( $()&<(,/)*$(+ 7/61% .3%> ')+-*$3 ' /'%*%/=$37 )<(+$(-

&7 *%7/'5&,3 (<( ' /;(.0*7( ,*-)&,%3)*$(+ 5*-3. D A&</7 8& :/<1=&$$3& 

:/ ,&-1<>%*%*7 2('%*$A(/$$/6/ -/$2(,/)*$(+ 2*$$3& / '7&C&$(+4 /=&$> 4/-

,/;/ '/6<*'1@%'+ ' ,&-1<>%*%*7( ($'%,17&$%*<>$34 $*.<@2&$(9. 
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I/<1=&$$*+ ($5/,7*A(+ /. /'&2*$(+4 -&7$/9 :/)&,4$/'%( :/-)/<(<* 

)/''%*$/)(%> ('%/,(@ ,*-)(%(+ 2&5/,7*A(9 $& %/<>0/ ) 0/$0,&%$/9 %/=0&, 

$/ ( )'&6/ 1=*'%0*. F*0, $* ,('. 3 :,()&2&$* :,/'%,*$'%)&$$*+ ($5/,7*A(+ 

/ ,*-)(%(( 2&5/,7*A(9 $* )'&7 1=*'%0& -* :&,(/2 ' 7*+ 2007 :/ 7*9 2008 6. 

 05.05.2007-
 

14.07.2007 18.08.2007 

22.09.2007 27.10.2007 19.04.2008 

 

O('. 3. O*-)(%(& 71<>23 /'&2*$(9 $* 1=*'%0& (''<&2/)*$(9 ' 7*+ 2007 :/ 7*9 2008 6. 

(7*0'(7*<>$3& '7&C&$(+ $* 0/$&A $*.<@2*&7/6/ :&,(/2* '/'%*)(<( 40–45 77) 

#$%&,5&,/7&%,(=&'0(9 *$*<(- ,*2*,$34 'A&$ $* %&,,(%/,(@ 6. N&,&--

$(0( 2*< /=&$> ($%&,&'$3& ,&-1<>%*%3 /. *0%()$/'%( 2&5/,7*A(9, ')+-*$-

$34 ' ,*-,*./%0/9 :&,)/6/ ,12$(0* ( 2*<>$&9;(7 &6/ -*%/:<&$(&7, ( (4 :,/-

'%,*$'%)&$$/7 ,*':,&2&<&$((. D3'/0*+ 0/,,&<+A(+ ,&-1<>%*%/) *$*<(-* 

' 2*$$37( ($'%,17&$%*<>$34 $*.<@2&$(9 6/)/,(% / :/%&$A(*<>$/9 )/--

7/8$/'%( (':/<>-/)*$(+ 7&%/2* ,*2*,$/9 ($%&,5&,/7&%,(( 2<+ 0/$%,/<+ 

'7&C&$(9 -&7$/9 :/)&,4$/'%( (<( 4/%+ .3 2<+ :,/6$/-(,/)*$(+ 2&5/,7*-

A(9 ( )3+)<&$(+ :/%&$A(*<>$/ /:*'$34 -/$, ) 0/%/,34, ) 2*<>$&9;&7, $&/.-

4/2(7/ -*</8(%> $*.<@2*%&<>$3& '%*$A((. I,(7&$&$(& %/=&=$/6/ *$*<(-* 

:/-)/<(</ :/<1=(%> ($5/,7*A(@ $& %/<>0/ / :,/'%,*$'%)&$$/7 ,*':,&2&<&-

$(( /'&2*$(9 ) 6/,/2&, $/ ( )/ ),&7&$(. ?$*<(- ,*-)(%(+ '7&C&$(9 )/ ),&-

7&$( :/-)/<(< '12(%> / '0/,/'%+4 (-7&$&$(+ 2&5/,7*A(9 $* 1=*'%0&. 

I,&2'%*)<&$$*+ ':1%$(0/)*+ %&4$(0* /'/.&$$/ 4/,/;/ '&.+ :/0*-*<* 

) -*'%,/&$$/9 =*'%( 6/,/2*, =&6/ $& '0*8&;> / :&,(5&,((, 62& '%&:&$> 2&0/,,&-

<+A(( /=&$> )&<(0* (---* $*<(=(+ <&'$/9 ,*'%(%&<>$/'%(. S*</& 0/<(=&'%)/ %/-
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=&0-/%,*8*%&<&9 $* 1=*'%0& :,/7-/$3 :&,)/6/ ,12$(0* ')+-*$/ &C& ( ' /%$/'(-

%&<>$/ )3'/0(7( '7&C&$(+7( :/)&,4$/'%(, )/-$(0;(7( :/'<& -*%/:<&$(+ ,12-

$(0*. #':/<>-/)*$(& ,*2*,/) ' 7&$>;(7 ($%&,)*</7 :/)%/,$34 'G&7/0, $*:,(-

7&,, TERRASAR-X, COSMO-SKYMED :/-)/<(% /'1C&'%)<+%> $*.<@2&$(& 2*-

8& -* %*0(7( 1=*'%0*7(, 62& '0/,/'%> /'&2*$(9 :,&)3;*&% 50–70 '7/6/2. 

F*0(7 /.,*-/7, ($%&,5&,/7&%,(=&'0(9 *$*<(- ,*2*,$34 'A&$ %&4$/-

6&$$/ $*6,18&$$34 %&,,(%/,(9, * %*08& %&,,(%/,(9 ' )3'/0/9 :</%$/'%>@ 

-*'%,/90( :,/73;<&$$37( ( 6,*82*$'0(7( /.G&0%*7( 2*&% /=&$> )*8$3& 

( :,*0%(=&'0(& ,&-1<>%*%3 /. *0%()$/'%( 2&5/,7*A(9 ( (4 :,/'%,*$'%)&$-

$/7 ,*':,&2&<&$((. I,(7&$&$(& %/=&=$/6/ *$*<(-* :/-)/<+&% :/<1=(%> ($-

5/,7*A(@ $& %/<>0/ / :,/'%,*$'%)&$$/7 ,*':,&2&<&$(( 2&5/,7*A(9, $/ ( )/ 

),&7&$(. H%0,3)*&%'+ )/-7/8$/'%> /:&,*%()$/6/ 7/$(%/,($6* 2&5/,7*A(-

/$$34 :,/A&''/) ./<>;(4 %&,,(%/,(9. I/'<& )3+)<&$(+ $* /'$/)& ':1%$(-

0/)/9 ($%&,5&,/7&%,(( $*(./<&& /:*'$34 7&'% 2<+ :,&21:,&82&$(+ )/--

7/8$34 *)*,(9 7/8$/ )3:/<$+%> </0*<>$39 6&/2&-(=&'0(9 7/$(%/,($6 

2*$$34 1=*'%0/) %,*2(A(/$$37( 6&/2&-(=&'0(7( 7&%/2*7(. 

23$+0% '$#!"&#4"* 
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